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UNITED STATES

NUCLEAR REGULATORY COMMISSION
WASHINGTON, D. C. 20555

September 17, 1984

Docket No. 50-219
LS05-84-09-019

Mr. P. B. Fiedler Ll of G- 26- 9
Vice President & Director
Oyster Creek Nuclear Generating Station

Post Office Box 388
Forked River, New Jersey 08731

Dear Mr, Fiedler:
SUBJECT: SPENT FUEL POOL EXPANSION

Re: Oyster Creek Nuclear Generating Station

The Commission has issued the enclosed Amendment No. 76 to Provisional
Operating License No. DPR-16 for the Oyster Creek Nuclear Generating
Station. The amendment consists of changes to the operating license

and Technical Specifications in response to your application dated

August 20, 1982, as supplemented September 2 and December 20, 1983.

By letters dated May 30, June 4, and June 13, 1984, you provided

additional clarification to the staff's requests for additional information.

The amendment authorizes you to increase the storage capacity of the
spent fuel pool from 1800 fuel assemblies to 2600 fuel assemblies with
average planar enrichments no greater than 3.01 weight percent U-235.

Notice of Consideration of Issuance of Amendment to License and Proposed

No Significant Hazards Consideration Determination and Opportunity for
Hearing Related to the requested action was published in the Federal
Register on October 8, 1982 (47 FR 44647). No request for hearing and

no comments were received. A Notice of Issuance of Environmental Assessment
and Finding of No Significant Impact was published in the Federal Register
on September 17, 1984 (49 FR 36460).
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Mr. P. B. Fiedler -2 - September 17, 1984

A copy of the related Safety Evaluation is also enclosed.

Sincerely,

Original signed by

Walter A. Paulson, Acting Chief
Operating Reactors Branch #5
Division of Licensing

Enclosures:

1. Amendment No. 76 to
License No. DPR-16

2. Safety Evaluation

cc w/enclosures:
See next page
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Mr. P. B. Fiedler

Copies of the related Safety Evaluation and Environmental Assessment
are also enclosed. : Ve

Sincerely,

Walter A. Paulson, Acting Chief
Operating Reactors Branch #5
Division of Licensing

Enclosures:
1. Amendment No. to -
License No. DPR-16 /

2. Safety Evaluation
3. Environmental Assessment

cc w/enclosures:
See next page
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Mr., P, B. Fiedler

(ol
G.F. Trowbridge, Esquire

Shaw, Pittman, Potts and Trowbridge

1800 M Street, N.W.
Washington, D.C. 20036

J.B. Lieberman, Esquire
Berlack, Isreals & Lieberman
26 Broadway

New York, New York 10004

Dr. Thomas E. Murley

Regional Administrator
Nuclear Regulatory Commission
Region I Office

631 Park Avenue

King of Prussia, Pennsylvania

BWR Licensing Manager

GPU Nuclear

100 Interplace Parkway
Parsippany, New Jersey 08625

Deputy Attorney General
State of New Jersey

19406

Department of Law and Public Safety

36 West State Street - CN 112
Trenton, New Jersey 08625

Mayor

Lacey Township

818 Lacey Road

Forked River, New Jersey 08731

U.S. Environmental Protection Agency

Region II Office

ATTN: Regional Radiation Representative

26 Federal Plaza
New York, New York 10007

Licensing Supervisor

Oyster Creek Nuclear Generating Station

Post Office Box 388
Forked River, New Jersey 08731

September 17, 1984

Resident Inspector

c/o U.S. NRC

Post Office Box 445

Forked River, New Jersey 08731

Commissioner

New Jersey Department of Energy
101 Commerce Street

Newark, New Jersey 07102

Frank Cosolito, Acting Chief

Bureau of Radiation Protection

Department of Environmental
Protection

380 Scotch Road

Trenton, New Jersey 08628



UNITED STATES
NUCLEAR REGULATORY COMMISSION
WASHINGTON, D. C. 20555

GPU NUCLEAR CORPORATION

AND
JERSEY CENTRAL POWER & LIGHT COMPANY

OYSTER CREEK NUCLEAR GENERATING STATION

AMENDMENT TO PROVISIONAL OPERATING LICENSE

Amendment No. 76
License No. DPR-16

1. The Nuclear Regulatory Commission (the Commission) has found that:

A. The application for amendment by GPU Nuclear Corporation and Jersey
Central Power and Light Company (the Ticensees) dated August 20, 1982
as supplemented, September 2 and December 20, 1983 complies with the
standards and requirements of the Atomic Energy Act of 1954, as
amended (the Act), and the Commission's rules and regulations set
forth in 10 CFR Chapter I;

B. The facility will operate in conformity with the application, the
provisions of the Act, and the rules and regulations of the Commission;

C. There is reasonable assurance (i) that the activities authorized by
this amendment can be conducted without endangering the health and
safety of the public, and (ii) that such activities will be conducted
in compliance with the Commission's regulations;

D. The issuance of this amendment will not be inimical to the common
defense and security or to the health and safety of the public;
and

E. The issuance of this amendment is in accordance with 10 CFR Part 51
of the Commission's regulations and all applicable requirements have
been satisfied. '
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2. Accordingly, the license is amended by changes to the Technical
Specifications as indicated in the attachment to this license amendment
and Paragraphs 2.B(2) and 2.C(2) of Provisional Operating License
No. DPR-16 are hereby amended to read as follows:

2.B(2) Pursuant to the Act and 10 CFR Part 70, to receive, possess, and
use at any time special nuclear material as reactor fuel, in
accordance with the limitations for storage and amounts required
for reactor operation, as described in the Facility Description
and Safety Analysis Report, as supplemented and amended;

2.C(2) Technical Specifications

The Technical Specifications contained in Appendices A and B, as
revised through Amendment No. 76 , are hereby incorporated in the
license. GPU Nuclear Corporation shall operate the facility in
accordance with the Technical Specifications.

3. This license amendment is effective as of the date of its issuance.

FOR THE NUCLEAR REGULATORY COMMISSION
- ,//7 .

f%jAZQZi,fq~fiixllhﬁ“/
Walter A. Paulson, Acting Chief
Operating Reactors Branch #5
Division of Licensing

Attachment:

Changes to the Technical

Specifications

Date of Issuance: September 17, 1984



ATTACHMENT TO LICENSE AMENDMENT NO. 76
PROVISIONAL OPERATING LICENSE NO, DPR-16

DOCKET NO. 50-219

Replace the following pages of the Appendix A Technical Specifications with
the enclosed pages. The revised pages are identified by the captioned
amendment number and contain vertical lines indicating the area of change.
REMOVE INSERT
5.3-1 5.3-1

5.3-2 5.3-2



5.3-1

5.3 AUXILIARY EQUIPMENT

5.3.1 Fuel Storage

A. Normal storage for unirradiated fuel assemblies is in
critically safe new fuel storage racks in the reactor building
storage vault; otherwise, fuel shall be stored in arrays which
have a K £ less than 0.95 under optimum conditions of
moderatiSﬁ or in NRC-approved shipping containers.

B. The spent fuel shall be stored in the spent fuel storage
facility which shall be designed to maintain fuel in a geometry
providing a K00 less than or equal to 0.95.

C. The fuel to be stored in spent fuel storage facility shall not
exceed a maximum average planar enrichment of 3.01 w/o U-235.

D. Loads greater than the weight of one fuel assembly shall not be
moved over stored irradiated fuel in the spent fuel storage
facility.

E. The 30 ton spent fuel shipping cask shall not be 1ifted more
than 6 inches above the top plate of the cask drop protection
system. Vertical 1imit switches shall be operable to assure
the 6 inch vertical 1imit is met when the cask is above the top
plate.

F. The temperature of the water in the spent fuel stored pool,
measured at or near the surface, shall not exceed 125°F.

G. The maximum amount of spent fuel assemblies stored in the
spent fuel storage pool shall be 2600.

BASIS

The specification of K__ less than or equal to 0.95 in the spent fuel storage
facility assures an amB?e margin from criticality. Criticality analysis was
performed on the poison racks to insure that a K of 0.95 would not be
exceeded. The basis for this analysis assumed aﬂoaverage planar lattice
enrichment of 3.01 w/o U-235 and includes manufacturing tolerances.

The effects of a dropped fuel bundle onto stored fuel in the spent fuel storage
facility have been analyzed. This analysis shows that the fuel bundle drop
would not cause doses resulting from ruptured fuel pins that exceed 10 CFR 100
Timits (1,2,3) and that dropped waste cans will not damage the pool liner.

Amendment No.



5.3-2

The elevation limitation of the spent fuel shipping cask to no more than 6
inches above the top plate of the cask drop protection system prevents loss

of the pool integrity resulting from postulated drop accidents. An analysis
of the effects of a 100 ton cask drop from 6 inches has been done (4) which
showed that the pool structure is capable of sustaining the loads imposed
during such a drop. Limit switches on the crane restrict the elevation of the
cask to less than or equal to 6 inches when it is above the top plate.

Detailed structural analysis of the spent fuel pool was performed using loads
resulting from the dead weight of the structural elements, the building loads,
hydrostatic loads from the pool water, the weight of fuel and racks stored in
the pool, seismic loads, loads due to thermal gradients in the pool floor and
walls, and dynamic load from the cask drop accident. Thermal gradients result
in two loading conditions; normal operating and the accident conditions with
the loss of spent fuel pool cooling. For the normal condition, the containment
air temperature was assumed to vary between 65°F and 110°F while the pool water
temperature varied between 85°F and 125°F. The most severe loading from the
normal operating thermal gradient results with containment air temperatures at
65°F and the water temperature at 125°F, Air temperature measurements made
during all phases of plant operation in the shutdown heat exchanger room, which
is directly beneath part of the spent fuel pool floor slab, show that 65°F is
the appropriate minimum air temperature. The spent fuel pool water temperature
will alarm in the control room before the water temperature reaches 120°F.

Results of the structural analysis show that the pool structure is

structurally adequate for the loadings associated with the normal operation

and the condition resulting from the postulated cask drop accident (5) (6).

The floor framing was also found to be capable of withstanding the steady state
thermal gradient conditions with the pool water temperature at 150°F without
exceeding ACI Code requirements. The walls are also capable of operation at a
steady state condition with the pool water temperature at 140°F (5).

Since the cooled fuel pool water returns at the bottom of the pool and the
heated water is removed from the surface, the average of the surface temperature
and the fuel pool cooling return water is an appropriate estimate of the

average bulk temperature; alternately the pool surface temperature could be
conservatively used.

References

T.  Amendment No. 78 to the FDSAR (Section 7)

2. Supplement No. 1 to Amendment No. 78 to the FDSAR (Question 12)

3. Supplement No. 1 to Amendment No. 78 of the FDSAR (Question 40)

4. Supplement No. 1 to Amendment No. 68 of the FDSAR.

5. Revision No. 1 to Addendum 2 to Supplement No. 1 to Amendment No. 78
of FDSAR {Questions 5 and 10)
6. FDSAR Amendment No. 79

Amendment No.




UNITED STATES

NUCLEAR REGULATORY COMMISSION
WASHINGTON, D. C. 20555

SAFETY EVALUATION BY THE OFFICE OF NUCLEAR REACTOR REGULATION

SUPPORTING AMENDMENT NO. 76 TO PROVISIONAL OPERATING LICENSE NO. DPR-16

GPU NUCLEAR CORPORATION AND

JERSEY CENTRAL POWER & LIGHT COMPANY

OYSTER CREEK NUCLEAR GENERATING STATION

DOCKET NO. 50-219

1.0 INTRODUCTION

By letter dated August 20, 1982, as su plemented September 2 and December
20, 1983, GPU Nuclear Corporation (GPUg submitted an application to
increase the storage capacity of the spent fuel pool (SFP) by replacing the
existing racks with new storage racks ("reracking"). By letters dated

May 30, June 4, and June 13, 1984 GPU provided additional clarification

in response to the Nuclear Regulatory Commission (NRC) staff's requests

for additional information. This would be the second rerack for Oyster
Creek, the first being authorized by Amendment No. 22 on March 30, 1977
which increased the capacity of the SFP from its original capacity of 840
to 1800 fuel elements.

The present amendment would authorize the licensee to increase the storage
capacity of the SFP from the current capacity of 1800 fuel assemblies to
2600 fuel assemblies with average planar enrichments no greater than

3.01 weight percent U-235. This request includes Amendment No. 79 to the
Facility Description and Safety Analysis Report (FDSAR).

At the present time, there are 980 spent fuel assemblies in the SFP. The
licensee estimates that full-core reserve in the SFP would be lost
following the 1985 refueling. Since this date is earlier than the date

a federal depository should be available for spent fuel [1998-Nuclear
Waste Policy Act of 1982, Sec. 302(a)(5)] additional spent fuel capacity
is needed.

Notice of Consideration of Issuance of Amendment to License and Proposed
No Significant Hazards Consideration Determination and Opportunity for
Hearing related to the requested action was published in the Federal
Register on October 8, 1982 (47 FR 44647). No request for hearing

ang no comments were received.

In the August 20, 1982 letter, GPU stated that they would provide
supplemental information in 1983 which would address the areas of
reactivity considerations, pool structural adequacy, and heat Toad.
This intent was also noted in the October 8, 1982 Federal Register
notice. The supplemental information was provided in Tetters dated
September 2 and December 20, 1983.




2.0 DISCUSSION AND EVALUATION

2.1 Critica1ity Considerations

The SFP criticality calculations are based on unirradiated fuel assemblies
with no burnable poisons which have a maximum average planar enrichment
of 3.01 weight percent U-235.

2.1.1 Analysis Methods - Southern Science (a division of Black and
Veatch) performed the criticality analyses for the spent fuel racks.

The reference method for the nuclear criticality analyses is the AMPX-
KENO computer package, using the 123 group GAM-THERMOS cross-section set
and the NITWAL subroutine for U-238 resonance shielding effects. The
Ticensee's submittal referenced a number of benchmark calculations
against critical experiments for this code package. Results of these
calculations indicate a calculational bias of O, with an uncertainty of

+ 0.00282k corresponding to a 95 percent probability at a 95 percent
confidence level. In addition, a small correction of 0.0036pk in the
calculational bias was necessary to account for the slightly greater

gap thickness between fuel assemblies in the Oyster Creek spent fuel

rack compared to the corresponding thickness in the benchmark critical
experiments. For investigation of mechanical tolerance effects, the
CASMO code and a four-group diffusion/blackness theory method of analysis
were used to evaluate trends and the small incremental reactivity effects
that would otherwise be lost in the KENO statistical variation.

The staff finds the analysis methods and uncertainty allowances used for
the high density storage racks acceptable.

2.1.2 Spent Fuel Rack Storage - The criticality of fuel assemblies in the
Oyster Creek SFP is prevented by maintaining a minimum separation of 6.198
inches between rows of fuel assemblies and by inserting the neutron
absorber, Boraflex, between rows of fuel assemblies. Several spent fuel
racks using Boraflex have received NRC approval. The NRC acceptance
criterion for spent fuel storage is that there is a 95 percent probability
at a 95 percent confidence level (including uncertainties) that K £ of
the fuel assembly array will be less than 0.95 for all storage coﬁd?tions.

In addition to the calculational method uncertainty mentioned previously,
uncertainties and biases due to fuel cell dimensions, pitch between rows
of fuel cells, Boraflex loading, fuel pellet density, fuel position, and
pool water temperature are included either by using worst case initial
conditions or by performing sensitivity studies to obtain the appropriate
values. A1l uncertainties were at least 95/95 probability/confidence
values.

Using these methods and assumptions, the nominal k £ of the spent fuel
racks is calculated as 0.9295. The fuel is assumed Eo be unirradiated
with no burnable poison at a maximum average planar enrichment of 3.75
weight percent U-235. The basic storage rack cell used for the analysis



included a fuel bundle wherein the average planar enrichment of each of
the fuel rods was 3.01 weight percent U-235. 1In reality, a fuel bundle
will have a distribution of fuel rod enrichments rather than a uniform
rod enrichment. Independent calculations with distributed boiling
water reactor (BWR) enrichments typical of BWR fuel assemblies confirm
that the uniform enrichment case yields the higher criticality for the
same average enrichment and is therefore the limiting case for
criticality safety evaluations.

The pool water temperature was conservatively taken to be approximately
39°F. Increasing temperature was shown to decrease reactivity. With the
calculational bias and all uncertainties added, the reactivity (k..) of
the storage racks will always be less than 0.947 with 95 percent 0o
probability at a 95 percent confidence level.

2.1.3 Accident Analysis - The effects of water density (temperature),
positioning fuel assemblTies outside of the storage rack, mispositioning
fuel assemblies in the storage rack, fuel channel distortions, dropped
fuel assembly (reactivity effect) and lateral movement of fuel racks
were considered with acceptable results.

2.1.4 Technical Specifications - The Technical Specifications for
Section 5.3.1 proposed by the licensee specify the maximum average
planar enrichment of 3.01 weight percent U-235, and the maximum number
of spent fuel assemblies (2600) to be stored in the pool. These are in
conformance with the analysis and are therefore acceptable.

2.1.5 Conclusions - Based on the review, the staff concludes that the
storage racks meet the requirements of General Design Criterion 62 as
regards criticality. Also, the staff concludes that 2600 fuel assemblies
of maximum average planar enrichment of 3.01 weight percent U-235 may

be stored in the poisoned high density racks in the fuel pool. These
conclusions are based on the following considerations:

1. Calculational methods which have been verified by comparison with
experiment have been used.

2. Conservative assumptions have been made about the enrichment of the
fuel to be stored and the pool conditions.

3. Credible accidents have been considered.

4. Suitable uncertainties have been considered in arriving at the final
value of the multiplication factor.

5. The final effective multiplication factor value meets our acceptance
criterion of less than or equal to 0.95.



2.2 Spent Fuel Pool Cooling and Makeup

The increase in the total decay heat load resulting from the expansion
will amount to only a few percent of the total heat load due to the longer
decay times of the oldest fuel assemblies. The licensee therefore
concluded that the existing spent fuel cooling capability could adequately
remove the additional decay heat without exceeding the pool water
temperature presented in Standard Review Plan (SRP) Section 9.1.3
(NUREG-0800). Information was also provided to demonstrate that the
available source of makeup water provides adequate assurance that the

fuel would not become uncovered in the event all pool cooling was lost.

2.2.1 Decay Heat Loads - The Oyster Creek reactor is rated at 1930 MWT
and contains 560 fuel assemblies. Based on information contained in
submittals made during the first pool expansion review, it appears that
the licensee's current calculated maximum normal and maximum abnormal
decay heat loads were calculated in a similar manner to the earlier
values.

The maximum abnormal heat load (full core offload plus the pool full
from successive normal refueling dischargesg 10 days after shutdown

is stated by the licensee to be 17.845 x 10~ BTU/hr and that an
additional 125 days of decay would be required before the heat load
would be éess than the capacity of the original SFP cooling loop

(5.5 x 10° BTU/hr, refer to Section 2.2.2 of the Safety Evaluation (SE)).
Similarly, the maximum normal heat load (pool full from successive
normal refueling discharggs) 10 days after shutdown is stated by the
licensee to be 6.392 x 10° BTU/hr and that between 15 and 20 additional
days of decay would be required before the heat Toad would be less than
the capacity of the original cooling loop.

Using the licensee's current information and conservative assumptions
regarding the discharge history of the previously discharged fuel
assemblies, the staff independently calculated the maximum abnormal
heat loads in accordance with Branch Technical Position ASB 9-2,
"Residual Decay Energy for Light Water Reactors for Long Term Cooling.”
The staff's maximum abnogma] heat load 10 days after shutdown was
calculated to be 19 x 10° BTU/hr. With this value, an additional

187 days of decay would be required before the decay heat load would

be within the capacity of the original cooling loop. The staff's
maximum Borma] heat load 10 days after shutdown was calculated to be
8.5 x 10° BTU/hr. With this value, an additional 45 days of decay would
be required before the decay heat load would be within the capacity of
the original cooling loop.



The differences in the staff's calculated heat loads compared to the
licensee's are not significant singe they do not exceed the capacity

of the added cooling Toop (19 x 10~ BTU/hr, described in Section 2.2.2 of
this SE). The difference in the additional decay times, before the

heat loads are equal to or less than the original cooling loop

capacity, is also not significant since the added cooling loop can be
reactivated to maintain the pool water temperature below the Technical
Specification 1imit of 125°F should the original cooling loop not be
capable of accomplishing this. Discussion of the effects of possible
thermal cycling on the fuel pool structure is provided in Section 2.4 of
the SE, Appendix A.

Based on the above, the staff concludes that the maximum normal and
abnormal heat loads are within the capacity of the SFP cooling system
and are, therefore, acceptable.

2.2.2 Spent Fuel Pool Cooling System - The Oyster Creek SFP cooling
system as initially licensed is shown on Figure X-3-2 of the Facility
Description and Safety Analysis Report (FDSAR). It consisted of one
cooling loop containing two parallel trainsﬁeach with a pump and heat
exchanger. This loop was rated at 5.5 x 10° BTU/hr with the pool
water bulk temperature at 125°F, the Reactor Building Closed Cooling
Water inlet temperature at 90°F, assuming 10 percent of the heat
exchanger tubes are plugged and assuming no fouling. Additionally, a
pool water temperature limitation of 125°F has been imposed in the
Technical Specifications due to structural considerations of the pool.

During the first pool expansion (1977), the licensee committed to the
installation of an additional cooling train in parallel with the above
described parallel cooling trains. The new cooling train consists of
two parallel full capacity pumps ig series with one heat exchanger.
This train is rated at 19 = 1 x 10~ BTU/hr when the pool water
temperature is at 125°F and is designed to withstand a safe shutdown
earthquake (SSE) and the loss-of-offsite power coincident with a single
active component failure. The installation of this additional pool
cooling train was made in lieu of a previously proposed modification
to cross connect the SFP cooling system to the shutdown cooling system
train A heat exchanger. The proposed cross connect scheme would have
only resulted in doubling the capacity of the SFP cooling system while
the cooling capacity of the new additional cooling train would be
approximately that of the maximum abnormal heat load (following a

full core offload) without assistance of the existing cooling system.



The licensee indicates that it is anticipated that the new cooling train
will be operated a 1i@ited period of time, i.e., only when pool heat
load exceeds 5.5 x 10° BTU/hr due to a recent discharge. In addition,
prior to placing the new cooling train in operation, surveillance will
be performed to verify that its performance is satisfactory.

The Tlicensee calculated the length of time the new cooling train would

be required to be in operation. This és the period before the total

decay heat load is reduced to 5.5 x 10~ BTU/hr (the capacity of the
original cooling loop) for both the maximum normal and abnormal heat
loads. The results indicate that for maximum abnormal decay heat load,
operation of the new cooling train would be required for 125 days after
shutdown. In the case of the maximum abnormal heat load, the licensee
calculated the new cooling train would be required to operate for between
15 and 20 days. From the staff's calculated maximum abnormal and normal
decay heat loads, it has been determined that the length of time operation
of the new cooling train would be required is 187 and 45 days,6respective1y,
before the total heat load in the pool would decay to 5.5 x 10~ BTU/hr.,
j.e., the rated capacity of the originally licensed SFP cooling system
capacity.

The staff also notes that in previous submittals, the licensee stgted
that with proper valve line-up it was possible to obtain 8.9 x 10
BTU/hr of pool cooling by recirculating 500 gpm of fuel pool water
through one main condenser. In its evaluation of the current SFP
expansion the staff did not consider this method of cooling because
there was insufficient information presented to perform an evaluation.
Further, the licensee did not take credit for this method of cooling.

The licensee has provided the results of analysis of the potential for
local boiling in the SFP. The results indicate that the exit water
temperature from the most choked flow storage cell containing fuel
with only 7 days decay following shutdown would be 173.4°F. The
corresponding saturation temperature at the top of the storage racks
would be 240°F. Therefore, the margin between local boiling and
maximum water exit temperature is 66.6°F. The staff concludes from
this that there is reasonable assurance that local boiling would

not occur.

Based on the above, the staff concludes that the existing SFP cooling
system provides sufficient decay heat removal capability to assure
safe storage of spent fuel in the proposed expanded pool and is,
therefore, acceptable.

2.2.3 Boiloff Rate - Assuming all fuel pool cooling is lost with the
maximum abnormal heat load in the pool and a pool water temperature of
90°F, the licensee calculated it would take 14.5 hours for the pool
water temperature to reach the boiling temperature. At this time the
boiloff rate would be 41.2 gpm. Further, the licensee calculated that
boiling would have to continue for 83.5 hours before the top of the
storage racks would begin to be uncovered.




The staff performed a similar boiloff calculation but assumed that the
pool water temperature is initially at 125°F. This assumption is made
because the abnormal heat load closely approximates the rated capacity
of the added cooling train when the pool water temperature is 125°F.
Further, the indicated time to discharge the core would allow the pool
water to rise to this temperature. The staff calculates that the pool
would reach boiling in 11.4 hours with a boiloff rate of 39.4 gpm and
the boiling time required before the top of the storage racks would
begin to be uncovered is 77 hours. From the above, the staff concludes
that there is adequate time to provide SFP makeup and maintain an
acceptable pool water level in the unlikely event of loss of SFP cooling
capability.

2.2.4 Makeup Water - The licensee states that there are three different
sources of makeug water for the SFP. The normal source of makeup water
is the 5.25 x 10° gallon condensate storage tank. The makeup rate is
250 gpm when using either one of the two condensate transfer pumps.
Makeup,water can also be provided at the rate of 150 gpm from the

3 x 10" gallon demineralized water storage tank using the demineralized
water transfer pump and hose connections in the pool area. The third
source of makeup water are the two skimmer surge tanks. These tanks
normally contain about 3500 gallons. Using the SFP cooling pumps, a
makeup rate of 100 gpm is possible.

A pool water level monitoring system has been provided. It will alarm

in the control room and give local indication whenever the water level
deviates from a nominal elevation of 118'-1 1/2" by more than 2 1/4".
Therefore, the staff concludes that the operator will be adequately
informed should makeup water be needed. The makeup rate from the

above sources exceeds the maximum boiloff rate indicated previously in
Section 2.2.3 of this evaluation. Based on the above, and on the staff's
previous Systematic Evaluation Program (SEP), the staff concludes that
the condensate and demineralized makeup water systems provide acceptable
sources of fuel pool makeup water.

2.2.5 Conclusion - The staff has reviewed the proposed second SFP
expansion program for Oyster Creek and concludes the following:

- The design of the previously added fuel pool cooling train is
adequate for removal of the maximum abnormal heat load and it is
capable of withstanding a single active component failure.

- The licensee has demonstrated that there is reasonable assurance
that local pool boiling will not occur.

- The capability of the described makeup water systems have sufficient
jnventory and are in excess of the maximum boiloff rate and thus
provide assurance that stored spent fuel will not become uncovered.



- The calculated time to reach boiling assuming loss of pool cooling
is sufficient to establish pool makeup and maintain an adequate pool
water level.

- The pool water level monitoring system provides reasonable assurance
that the operator will be alerted to take action should the pool
water level drop.

In summary, based on this review, the staff concludes that the Oyster
Creek proposed SFP expansion meets the guidelines of SRP Sections 9.1.2,
9.1.3, 9.1.4, and 9.1.5, and is therefore, acceptable.

2.3 Rack Installation and Load Handling

The steps and procedures required to accomplish reracking the SFP will
be developed so as to eliminate the need for carrying loads over stored
spent fuel and will ensure that reasonable protective measures will be
taken to preclude load drops during reracking.

2.3.1 New Storage Rack Design - The licensee proposes to replace the
five existing spent fuel storage racks with ten free standing, fixed
poison high density storage racks that have been designed and fabricated
by the Joseph Oat Corporation. This will increase the number of

storage cells from 1800 to 2600. These storage racks, except for the
four support spindles, will be fabricated from type 304 stainless steel
sheet, plate and forgings and sheets of Boraflex fixed poison. Boraflex
is a patented product consisting of a dispersion of B, enriched boron
carbide in a silicon polymer. The support spindies a}g fabricated from
SA564-A110y 630.

The storage cells in the storage racks are assembled from preformed
stainless steel sheets to form a series of double wall square storage
cells. During the assembly, strips of Boraflex sheet are sandwiched
between the double walls. The nominal interior dimension of the
storage cells is 6 inches and the nominal center distance between
storage cells in 6.198 inches. Therefore, the storage cells will
accommodate the fuel channels which have a nominal outside dimension of
5.438 x 5.438 inches.

The storage capacity of the new racks will range between 176 to 320
fuel assemblies and their weight will range from 18 000 pounds to

38 400 pounds. The bottom end of the assembled storage cells will be
welded to a 5/8 inch thick stainless steel base plate which has
coolant flow holes in it on the same lattice spacing as the storage
cells. The storage rack base plate is supported above the pool floor
by four support legs. This forms a lower plenum to permit coolant to
flow laterally over the pool floor and to enter the bottom of the
storage cells. The vertical dimension of the support legs on eight of
the storage racks is 6 inches. The height of the support legs on the
two remaining storage racks is 11 1/2 inches.



The new storage racks will be designed, constructed, and assembled in
accordance with ANSI N210-1976 (ANS 57.2), ASME Section III, Subsection
NF, ASTM A240, ASME Section II parts A and C and ASME Section IX. The
storage racks will be seismic Category I as identified in Paragraph 6.4
of ANSI N210-1976, and in the criteria of SRP Section 9.1.2. The
nominal and maximum gap between storage racks is 1 1/2 inches and 4
inches, respectively, which assures that a fuel assembly cannot be
inadvertently inserted into a nondesignated space within the storage
rack array.

The licensee stated, in their reponse to NUREG-0612, "Control of Heavy
Loads at Nuclear Power Plants," that the refueling platform auxiliary
hoists have been derated from their current rating of 1000 pounds to
750 pounds. Considering that the new free-standing storage racks
weigh a minimum of 18 000 pounds, the staff concludes that the maximum
uplift force developed by the refueling platform auxiliary hoist
cannot cause damage to the storage racks or the pool Tiner.

The licensee also analyzed a vertical and horizontal dropped fuel
assembly event. The results indicate that for two vertical
assemblies separated by water that the reactivity (k0 ) will be less
than 0.90 for any water gap spacing greater than 2.5 fnches. For a
dropped assembly lying horizontally on top of the rack, the
separation distance is about 14 inches and will not constitute a
criticality hazard.

Based on its review, the staff concludes that the new storage
racks will adequately support and protect the spent fuel assemblies
during normal and accident conditions, and are therefore acceptable.

2.3.2 Load Handling - There will be a total of 980 stored spent fuel
assembl¥es 1n the pool when the reracking operations take place. To
provide assurance that unacceptable consequences will not occur as a
result of the reracking operations, the licensee states that procedures
will be prepared which will include organization and administrative
responsibilities as well as the detailed work practice. Each step

will require multiple signatures before proceeding to the next step.

The reracking operations consist of removing the stored spent fuel

from the rack to be removed and placing it outside of the area of
influence of the load handling operations before the removal of the

old storage rack and the installation of the new storage rack. This
series of steps will be repeated for each rack being removed or
inserted. Precautions will be taken to prevent the movement of fuel
racks over other fuel racks containing stored spent fuel. Appropriately
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designed equipment will be utilized during the racking operation. The
special handling equipment for the new storage racks will be designed
and constructed in accordance with ANSI N14.6-1978. The lifting device
employed in removing the old storage racks will be qualified by load
testing at twice the maximum load being 1ifted. A1l slings utilized

in the installation and removal of storage racks will be qualified to
the requirements of ANSI B30.9-1971. The loads will be handled by the
Reactor Building Crane which was designed in accordance with EOCI-61.
The staff's heavy loads handling review (NUREG-0612) concluded that
EOCIIG%7§ubstantia11y complies with the criteria specified in Guideline

.1, .

From the above, the staff concludes that reasonable measures will be
taken to prevent damage to the stored spent fuel during reracking
operations and thus the potential for offsite radiological release
will be minimized.

2.3.2 Conclusion - The described seismic Category I spent fuel storage
racks will sately support and protect the stored spent fuel assemblies
because:

- The arrangement of the storage racks within the pool is such that it
is not possible to inadvertently insert a fuel assembly into a
nondesignated space within the storage rack array.

- The maximum uplift force of the refueling platform auxiliary hoists
is not sufficient to cause damage to the free-standing storage racks
or the pool liner.

- The dropping of a fuel assembly will not lead to an unacceptable
criticality accident.

The described reracking operations provide reasonable assurance that
dropping of a storage rack will not occur, and in the unlikely event
a rack drop should occur, the consequences will be acceptable.

In summary, based on its review, the staff concludes that the Oyster
Creek proposed SFP expansion meets the guidelines of SRP Sections 9.1.2,
9.1.3, 9.1.4, and 9.1.5, and is therefore, acceptable.

2.4 Structural Design

The Safety Evaluation (SE) of structural aspects of the proposed
modification is based on a review performed by NRC's consultant,
Franklin Research Center (FRC). The FRC Technical Evaluation Report
(TER) €5506-525 revised August 15, 1984 is appended to this SER as
Appendix A.

A
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2.4.1 Description of the Spent Fuel Pool and Racks - The pool is a
reinforced concrete structure which is approximately 20'-0" by 39'-0".

Wall thicknesses are 6'-0" on three sides and the fourth side is shared with
the reactor building wall. The floor is supported by girders and

walls. The pool is lined with a welded stainless steel watertight

liner plate.

The new racks are stainless steel "egg-crate" structures. The fuel
assembly storage cells are supported on a heavy welded base. The
racks are each free-standing on the pool floor.

2.4.2 Applicable Codes, Standards, and Specifications - Load
combinations and acceptance criteria were compared with those found in
the "NRC Position for Review and Acceptance of Spent Fuel Storage and
Handling Applications" dated April 14, 1978 and amended January 18, 1979.
The existing concrete pool structure was evaluated for the new Toads

in accordance with the requirements of the American Concrete Institute
Code, ACI 349,

2.4.3 Loads and Load Combinations - Loads and Toad combinations for
the racks and the poo] structure were reviewed and found to be in
agreement with the applicable portions of the NRC Position.

2.4.4 Seismic and Impact Loads - Seismic loads for the rack design are
based on the original design floor acceleration response spectra
calculated for the plant at the licensing stage. The seismic loads
were applied to the model in three orthogonal directions simultaneously.
Damping values for the seismic analysis of the racks and the pool
structure were taken as 2 percent for OBE and 4 percent for SSE.
Rack/fuel bundle interactions were considered in the structural
analysis.

Loads due to a fuel bundle drop accident were considered in a separate
analysis for such an occurrence. The postulated loads from these events
described above were found to be acceptable.

2.4.5 Design and Analysis Procedures

a. Design and Analysis of the Racks - A non-linear 3-dimensional
time-history analysis of the rack module was performed. The
model included mass, spring, damping, and gap elements and
accounts for sliding, tipping and potential rack-to-rack
interaction. A detailed finite-element model of the racks
was also constructed in order to determine stresses and
strains within the racks. Partial as well as fully loaded
racks were analyzed with a range of sliding friction
coefficients between 0.8 and 0.2.
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Calculated stresses for the racks components were found to
be well within allowable 1imit. The racks were found to have
adequate margins against sliding and tipping.

An analysis was conducted to assess the potential effects of a
dropped fuel bundle on the racks and results were considered
satisfactory.

An analysis was conducted to assess the potential effects of a
stuck fuel assembly causing an uplift load on the racks and a

corresponding downward load on the 1ifting device as well as

a tension in the fuel assembly. Resulting stresses were found
to be within acceptance limits.

b. Analysis of the Pool Structure - The Oyster Creek fuel pool
is a reinforced concrete structure. The floor is essentially
a plate structure and is supported by concrete walls and
girders. The licensee performed both static and dynamic
analysis and found that moments and shear of the pool floor
and supporting girders and walls are lower than the code
a]éowab]e value by factor ranging from approximately 1.5 to
3.0.

2.4.6 Conclusions - The staff concludes that the proposed rack
installation will satisfy the requirements of 10 CFR 50 Appendix A, GDC 2,
4, 61 and 62, as applicable to structures, and is therefore acceptable.

2.5 Materials

The staff has reviewed the compatibility and chemical stability of the
materials (except the fuel assemblies) wetted by the pool water, in
accordance with SRP Section 9.1.2 and "Review and Acceptance of Spent
Fuel Storage and Handling Application, April 1978."

The spent fuel racks will be constructed of type 304-L stainless steel,
except for the nuclear poison material. The spent fuel pool Tiner is
constructed of stainless steel. The high density spent fuel storage racks
utilize Boraflex sheets as a neutron absorber. Boraflex consists of

boron carbide powder in a rubber-like silicone polymeric matrix. The spent
fuel storage rack configuration is composed of individual storage cells
interconnected to form an integral structure. The major components of the
assembly are the fuel assembly cells, the Boraflex material, the wrapper and
the upper and lower spacer assemblies.
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Boraflex neutron absorber surrounds each cell on all four sides,
sandwiched in between an inner and outer angular subelement. The
design ensures coverage of the active length of each fuel assembly,
except for approximately 2 inches at each end. Venting is provided
through the roof openings of the storage cell compartment corners to
prevent gas entrapment. Stainless steel spacer siraps hold the
Boraflex in position.

2.5.1 Evaluation - The pool liner, rack lattice structure, and fuel
storage tubes are stainless steel which is compatible with the storage
pool environment.

The corrosion rate of type 304-L stainless steel in this water is
sufficiently low to defy our ability to measure it. No instances of
corrosion of this material in SFPs containing pure water have been
observed (Ref. 1).

Dissimilar metal contact corrosion (galvanic attack) between the

stainless steel of the pool liner, rack lattice structure, fuel

storage tubes, and the Inconel and the Zircaloy in the spent fuel
assemblies will not be significant because all of these materials are
protected by highly passivating oxide films and are therefore at

similar potentials. The Boraflex is composed of non-metallic materials
and therefore will not develop a galvanic potential in contact with the
metal components. Boraflex has undergone extensive testing to study

the effects of gamma irradiation in various environments, and to verify
jts structural integrity and suitability as a neutron absorbing material
(Ref. 2). The evaluation tests have shown that the Boraflex is unaffected
by the pool water environment and will not be degraded by corrosion.

Tests were pf{formed at the University of Michigan, exposing Borafiex

to 1.03 x 107" rads of gamma radiation with substantial concurrent

neutron flux of borated water. These tests indicate that Boraflex
maintains its neutron attenuation capabilities after being subjected

to an environment of borated water and gamma irradiation. Irradiation
will cause some loss of flexibility, but will not lead to break up of

the Boraflex. Long-term borated water soak tests at high temperatures were
also conducted (Ref. 3). The tests show that Boraflex withstands a borated
water immersion of 240°F for 260 days without visible distortion or
softening. The Boraflex showed no evidence of swelling or loss of ability
to maintain a uniform distribution of boron carbide.

The annulus space which contains the Boraflex is vented to the pool
at each storage tube assembly. Venting of the annulus will allow gas
generated by the chemical degradation of the silicone polymer binder
during heating and irradiation to escape, and will prevent bulging or
swelling of the inner stainless steel tube.
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The tests (Ref. 4) have shown that neither irradiation, environment, nor
Boraflex composition has a discernable effect on the neutron transmission
of the Boraflex material. The tests also show that Boraflex does not
possess leachable halogens that might be released into the pool
environment in the presence of radiation. Similar conclusions are
reached regarding the leaching of elemental boron from the Boraflex.
Boron carbide of the grade normally in the Boraflex will typically
contain 0.1 weight percent of soluble boron. The test results have
confirmed the encapsulation function of the silicone polymer matrix in
preventing the leaching of soluble specie from the boron carbide.

To provide added assurance that no unexpected corrosion or degradation
of the materials will compromise the integrity of the racks, the
licensee has committed to conduct a long-term fuel storage cell
surveillance program. Surveillance samples are in the form of
removable stainless steel clad Boraflex sheets, which are proto-typical
of the fuel storage cell walls. These specimens will be removed and
examined periodically.

2.5.2 Conclusion - From the evaluation as discussed above, the staff
concludes that the corrosion that will occur in the spent fuel storage
pool environment should be of 1ittle significance during the life of
the plant. Components in the spent fuel storage pool are constructed
of alloys which have a low differential galvanic potential between them
and have a high resistance to general corrosion, localized corrosion,
and galvanic corrosion. Tests under irradiation and at elevated
temperatures in borated water indicate that the Boraflex material will
not undergo significant degradation during the expected service life.

The staff further concludes that the environmental compatibility and
stability of the materials used in the spent fuel storage pool are
adequate based on the test data cited above and actual service
experience in operating reactors.

The staff has reviewed the surveillance program and concludes that the
monitoring of the materials in the spent fuel storage pool, as proposed
by the licensee, will provide reasonable assurance that the Boraflex
material will continue to perform its function for the design life of
the pool. The material surveillance program spelled out by the licensee
will reveal any instances of deterioration of the Boraflex that might
Jead to the loss of neutron absorbing power during the life of the

spent fuel racks. The staff does not anticipate that such deterioration
will occur. This monitoring program will ensure that, in the unlikely
situation that the Boraflex will deteriorate in this environment, the
licensee and the NRC will be aware of it in sufficient time to take
corrective action.

The staff therefore finds the implementation of a monitoring program
and the selection of appropriate materials of construction by the
licensee meet the requirements of 10 CFR Part 50, Appendix A, Criterion
61, having a capability to permit appropriate periodic inspection and
testing of components, and Criterion 62, preventing criticality by
maintaining structural integrity of components and of the boron poison
and are, therefore, acceptable.



- 15 -

2.5.3 References

1. J.R. Weeks, "Corrosion of Materials in Spent Fuel Storage
Pools," BNL-NUREG-23021, July 1977.

2. J.S. Anderson, "Irradiation Study of Boraflex Neutron
Shielding Materials," Brand Industries, Inc., Report 748-10-1,
July 1979,

3. J.S. Anderson, "A Final Report of the Effects of High
Temperature Borated Water Exposure on BISCO Boraflex Neutron
Absorbing Materials,” Brand Industries, Inc., Report 748-21-1,
August 1978,

4, J.S. Anderson, "Boraflex Neutron Shielding Material--Product
Performance Data,” Brand Industries, Inc., Report 748-30-1,
August 1979.

2.6 Occupational Radiation Exposure

The staff has reviewed the licensee's plan for the removal and disposal

of the low density racks and installation of the high density racks with
respect to occupational radiation exposure. The occupational exposure for
this operation is estimated by the licensee to result in approximately

25 person-rem. This estimate is based on the licensee's detailed
breakdown of occupational exposure for each phase of the modification.

The licensee considered the number of individuals performing a specific
job, their occupancy time while performing this job, and the average

dose rate in the area where the job is being performed.

2.6.1 Evaluation - The spent fuel assemblies themselves contribute a
negligibTe amount to dose rates in the pool area because of the depth

of water shielding the fuel. One potential source of radiation is
radioactive activation or corrosion products called crud. Crud may be
released to the pool water because of fuel movements during the proposed
SFP modification. This could increase radiation levels in the vicinity
of the pool. During refuelings, when the spent fuel is first moved into
the fuel pool, the addition of crud to the pool water from the fuel
assembly and from the introduction of primary coolant to the pool water
is greatest. However, the Ticensee does not expect to have significant
releases of crud to the pool water during modification of the pool.

The purification system for the pool, which has kept radiation levels in
the vicinity of the pool to low levels, includes a filter to remove crud
and will be operating during the modification of the pool.

The racks will be individually 1ifted from the pool water and
decontaminated by "hydrolasing" (a high pressure water spray technique)
to remove any loose radioactivity prior to movements to a receiving

area for preparation for disposal. The decontaminated old racks will be
shipped for burial or the bulk of the decontaminated racks could be
disposed of as clean scrap. In any event, the disposal methodology

will follow as low as reasonably achievable (ALARA} guidelines.
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Divers will not be used. The new racks will be handled and installed
using remote handling devices.

2.6.2 Conclusion - Based on the manner in which the licensee will
perform this modification, the radiation protection program, including
area and airborne radioactivity monitoring, and relevant experience

from other operating reactors that have performed similar SFP
modifications, the staff concludes that the Oyster Creek SFP modification
can be performed in a manner that will limit exposures to workers to
ALARA tlevels.

The staff has estimated the increment in onsite occupational dose during
normal operations after the pool modification resulting from the
proposed increase in stored fuel assemblies. This estimate is based on
information supplied by the Ticensee for occupancy times and for dose
rates in the spent fuel area from radionuclide concentrations in the SFP
water. The spent fuel assemblies themselves contribute a negligible
amount to dose rates in the pool area because of the depth of water
shielding the fuel. Based on present and projected operations in the
SFP area, the staff estimates that the additional spent fuel should add
less than 0.1 percent increase to personnel occupational radiation
exposure in the vicinity of the pool. The small increase in radiation
exposure should not affect the licensee's ability to maintain individual
occupational doses to ALARA Tevels and within the 1imits of 10 CFR Part
20. Thus, the staff concludes that storing additional fuel in the pool
will not result in any significant increase in doses received by workers.

2.7 Radioactive Waste Treatment

The plant contains waste treatment systems designed to collect and
process the gaseous, liquid, and solid wastes that might contain
radioactive material. The waste treatment systems were evaluated in the
SER in support of the issuance of the Operating License in 1969 and in

supplements thereto. There will be no change in the waste treatment systems

or in the conclusions given regarding the evaluation of these systems
because of the proposed modification. The staff's evaluation of the
radiological considerations supports the conclusion that the proposed

modification to the Oyster Creek Nuclear Generating Station SFP is acceptable
because the conclusions in the evaluation of the waste treatment systems, as

found in the SER supporting the issuance of the operating license are
unchanged by the modification of the SFP,
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2.8 Radiological Consequences of Accidents Involving Postulated
Mechanical Damage to Spent Fuel

2.8.1 Cask Drop Accidents - In an SER on an earlier SFP expansion
dated October 2/, 1976, the staff concluded that the spent fuel cask
travel will be limited to the specified travel path and that the
licensee's cask drop protection was adequate for the prevention of
cask tip accidents. Since that SER, the licensee has added a technical
specification (7.S5.5.3.1(d)) which prohibits the movement of loads
greater than the weight of one fuel assembly over irradiated fuel in
the fuel pool. Based upon the information presented above, the staff
concludes that the likelihood of a cask drop onto irradiated fuel is
sufficiently small that the offsite radiological consequences for such
an accident need not be considered.

2.8.2 Spent Fuel Pool Gate Drop Accidents - In a submittal on the control
of heavy Toads (Phase 1), the licensee stated that 1ifting procedure
756.1.004 which establishes the "safe paths" for moving the fuel pool

gates would be used for the removal and installation of the SFP gates. The
staff concluded (SE dated June 21, 1983) that this procedure met the
requirements of Guideline 2, Sections 5.1.1 of NUREG-0612. With the use

of this procedure, coupled with the current plant technical specification
5.3.1(d), the staff concludes that the 1ikelihood of a fuel pool gate

drop onto irradiated fuel is sufficiently small that the offsite
radiological consequences of such an accident need not be considered.

2.8.3 Fuel Handling Accidents - The licensee has proposed to expand the
storage capacity of the SFP from 1800 spent fuel assemblies to 2600
assemblies. During the action, the maximum weight of loads which may be
transported over spent fuel in the pool will be limited to that of a
single assembly by plant technical specification 5.3.1(d). Because

this accident would still result in, at most, release of the gap
activity of one fuel assembly due to the limitations on available

impact kinetic energy, the proposed SFP modification does not, therefore,
increase radiological consequences of fuel handling accidents above

that considered in the staff Safety Evaluation contained in the

Oyster Creek SEP TOPIC XV-20, Radiological Consequences of Fuel

Handling Accidents, May 1982.

2.8.4 Conclusion - Based upon the above evaluations, the staff concludes
that the Tikelihood of either a cask drop or a fuel pool gate drop onto
irradiated fuel is sufficiently small that the offsite radiological
consequences for these accidents need not be calculated. Additionally,
the offsite radiological consequences from a postulated fuel handling
accident would remain unchanged from that which was reported in the

staff SE referenced in Section 2.8.2 of this evaluation. The staff's
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present analysis indicates a 0-2 hr Exclusion Area Boundary (EAB)
thyroid dose of 0.6 rem and whole body dose of 0.3 rem given an
atmospherjc trangport and diffusion Relative Concentration value of
7.6 x 107" sec/m°. These conservatively estimated doses are well
within the 10 CFR Part 100 guideline values. Therefore, the staff
concludes that the proposed modifications are acceptable.

OVERALL CONCLUSION

Based on the review, the staff concludes that the licensee's proposed
SFP modification to increase the storage capacity of the SFP to 2600 fuel
assemblies is acceptable. In addition, the proposed Technical
Specifications and license conditions are acceptable.

The staff concluded, based on the considerations discussed above, that:
(1) there is reasonable assurance that the health and safety of the
public will not be endangered by operation in the proposed manner, and
(2) such activities will be conducted in compliance with the Commission's
regulations and the issuance of this amendment will not be inimical to
the common defense and security or to the health and safety of the
public.
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1. INTRODUCTION
1.1 PURPOSE OF THE REVIEW

This technical evaluation report (TER) covers an independent review of
GPU Nuclear's licensing report [l] on high-density spent fuel racks for the
Oyster Creek Nuclear Generating Station with respect to the evaluation of the
spent fuel racks' structural analyses, the fuel racks' design, and the pool's
structural analysis. The objective of this review was to determine the
structural adequacy of the Licensee's high-~density spent fuel racks and spent

fuel pool.

1.2 GENERIC BACKGRGCUND

Many licensees have entered into a program of introducing modified fuel
racks to their spent fuel pools that will accept higher density loadings of
spent fuel in order to provide additional storage capacity. However, before
>the higher density racks may be used, the licensees are required to submit
rigorous analysis or experimental data verifying that the structural design of
the fuel rack is adeguate and that the spent fuel pool structure can

accommodate the increased loads.

The analysis is complicated by the fact that the fuel racks are fully
immersed in the spent fuel pool. During a seismic event, the water irn the
pool, as well as the rack structure, will be set in motion resulting in fluid-
structure interaction. The hydrodynamic coupling between the fuel assemblies
and the rack cells, as well as between adjacent racks, plays a significant
role in affecting the dynamic behavior of the racks. In addition, the racks
are free-standing. Since the racks are not anchored to the pool floor or the
pool walls, the motion of the racks during a seismic event is governed by the
static/dynamic friction between the rack's mounting feet and the pool floor,

and by the hydrodynamic coupling to adjacent racks and the pool walls.

Accordingly, this report covers the review and evaluation of analyses
submitted for the Oyster Creek plant by the Licensee, wherein the structural

analysis of the spent fuel racks under seismic loadings is of primary concern
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due to the nonlinearity of gap elements and static/dynamic friction, as well
as fluid-structure interaction. 1In addition to the evaluation of the dynamic
structural analysis for seismic loadings, the design of the spent fuel racks
and the analysis of the spent fuel pool structure under the increased fuel

load are reviewed.
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2. ACCEPTANCE CRITERIA

2.1 APPLICABLE CRITERIA

The criteria and guidelines used to determine the adequacy of the
high-density spent fuel racks and pcol structures are provided in the
following documents:

o OT Position for Review and Acceptance of Spent Fuel Storage and

Handling Applications, U.S. Nuclear Regulatory Commission, January 18,
1979 (2}

o Standard Review Plan, NUREG-0800, U.S. Nuclear Regulatory Commission
Section 3.7, Seismic Design
Section 3.8.4, Other Category I Structures
Appendix D to Section 3.8.4, Technical Position on Spent Fuel
Pool Racks
Section 9.1, Fuel Storage and Handling

o ASME Boiler and Pressure Vessel Code, American Society of Mechanical
Engineers

Section III, Subsection NF, Component Supports
Subsection NB, Typical Design Rules

o Regulatory Guides, U.S. Nuclear Regulatory Commission

1.29 - Seismic Design Classification

1.60 - Design Response Spectra for Seismic Design of Nuclear Power
Plants

1.61 - Damping Values for Seismic Design of Nuclear Power Plants

i.92 - Combining Modal Responses and Spatial Components in Seismic

Response Analysis

1.124 - Design Limits and Loading Combinations for Class 1 Linear-Type
Component Types

o Other Industry Codes and Standards
American National Standards Institute, N210-76

American Society of Civil Engineers, Suggested Specification for
Structures of Aluminum Ailoys 6061-T6 and 6067-T6.
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2.2 PRINCIPAL ACCEPTANCE CRITERIA

The principal acceptance criteria for the evaluation of the spent fuel
racks structural analysis for the Oyster Creek plant are set forth by the
NRC's OT Position for Review and Acceptance of Spent Fuel Storage and Handling

Applications (OT Position Paper) [2]. Section IV of the document describes

the mechanical, material, and structural considerations for the fuel racks and

their analysis.

The main safety function of the spent fuel pool and thé fuel racks, as
stated in that document, is "to maintain the spent fuel assemblies in a safe
configuration through all environmental and abnormal loadings, such as
earthquake, and impact due to spent fuel cask drop; drop of a spent fuel
assembly, or drop of any other heavy object during routine spent fuel

handling."
Specific applicable codes and standards are defined as’ follows:’

"Construction materials should conform to Section III, Subsection NF of
the ASME* Code. All materials should be selected to be compatible with
the fuel pool environment to minimize corrosion and galvanic effects.

Design, fabrication, and installation of spent fuel racks of stainless
steel materials may be performed based upon the AISC** specification or
Subsection NF requirements of Section III of the ASME B&PV Code for Class
3 component supports. Once a code is chosen its provisions must be
followed in entirety. When the AISC specification procedures are
adopted, the yield stress values for stainless steel base metal may be
obtained from the Section III of the ASME B&PV Code, and the design
stresses defined in the AISC specifications as percentages cf the yield
stress may be used. Permissible stresses for stainless steel welds used
in accordance with the AISC Code may be obtained from Table NF-3292.1-1
of ASME Section IIXI Code."

Criteria for seismic and impact loads are provided by Section IV-3 of the

OT Position Paper, which requires the following:

o Seismic excitation along three orthogonal directions should be
imposed simultaneously.

* American Society of Mechanical Engineers Boiler and Pressure Vessel Codes,
Latest Edition.
** American Institute of Steel Construction, Latest Edition.
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The peak response from each direction should be combined by the
square root of the sum of the squares. If response spectra are
available for vertical and horizontal directions only, the same
horizontal response spectra may be applied along the other horizontal
direction.

Increased damping of fuel racks due to submergence in the spent fuel
pool is not acceptable without applicable test data and/or detailed

analytical results.

Local impact of a fuel assembly within a spent fuel rack cell should
be considered.

Temperature gradients and mechanical load combinations are to be

considered in accordance with Section IV-4 of the OT Position Paper.

The

structural acceptance criteria are provided by Section IV-6 of the OT

Position Paper. For sliding, tilting, and rack impact during seismic events,

Section IV-6 of the OT Position Paper provides the following:

"For impact loading the ductility ratios utilized to absorb kinetic
energy in the tensile, flexural, compressive, and shearing modes should
be quantified. When considering the effects of seismic loads, factors of
safety against gross sliding and overturning of racks and rack modules
under all probable service conditions shall be in accordance with the
Section 3.8.5.II-5 of the Standard Review Plan. This position on factors

of

safety against sliding and tilting need not be met provided any cne of

the following conditions is met:

(a)

(b)

it can be shown by detailed nonlinear dynamic analyses that the
amplitudes of sliding motion are minimal, and impact between
adjacent rack modules or between a rack module and the pool walls is
prevented provided that the factors of safety against tilting are
within the values permitted by Section 3.8.5.II.5 of the Standard
Review Plan

it can be shown that any sliding and tilting motion will be
contained within suitable geometric constraints such as thermal
clearances, and that any impact due to the clearances is
incorporated.”
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3. TECHNICAL REVIEW

3.1 MATHEMATICAL MODELING AND SEISMIC ANALYSIS OF SPENT FUEL RACK MODULES

As described in the Licensee's report [1], the spent fuel rack modules
are totally immersed in the spent fuel pool, wherein the water in the pool
produces hydrodynamic coupling between the fuel assembly and the rack cell, as
well as between the fuel rack module and adjacent modules. The hydrodynamic
coupling significantly affects the dynamic motion of the structure during
seismic events. The modules are free-standing, that is, they ére not anchored
to the pool floor or connected to the pool walls. Thus, frictidnal forces
between the rack base and the pool liner act together with the hydrodynamic
coupling forces to both excite and restrain the module in horizontal and
vertical directions during seismic events. As a result, the modules exhibit
highly nonlinear structural behavior under seismic excitation, for which it is
necessary to adopt time-history analysis methods to generate accurate and

reliable analytical estimates.

Pool slab acceleration data used in the analysis were derived from the
original pool floor response spectra. Structural damping of 4% for the racks

was assumed for the safe shutdown earthquake (SSE) condition.

A lumped mass dynamic model was formulated by the spent fuel racks'
vendor in accordance with computer code DYNAHIS to simulate the major
structural dynamic characteristics of the modules. Two sets of lumped masses
were used, one to represent the fuel rack module and another to represent the
fuel assemblies. The lumped masses of these racks were connected by beam
elements. The lumped masses of fuel assemblies were linked to those of the
rack by gap elements (nonlinear springs). Frictional elements (springs) were
used to represent the frictional force between the rack base and pool liner.
Hydrodynamic masses were included in the model to approximate the coupling
effect between the water and the structure. The model was subjected to the
simultaneous application of three orthogonal components of seismic loads
derived from a stated earthquake with one vertical and one horizontal '

component.
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An elastostatic model was first used to evaluate element stiffness
characteristics for use in the dynamic model. The results generated from the
dynamic model, in terms of nodal displacements and forces at nodes and
elements, were then introduced to the elastostatic model to compute the

detailed stresses and corner displacements in the module.

The resulting stresses at potentially critical locations of the module
were examined for design adequacy in accordance with the acceptance criteria.
The possibilities of impact between adjacent racks and the tipping of the

module were also evaluated.

3.2 EVALUATION OF THE ELASTOSTATIC MODEL

3.2.1 Element Stiffness Characteristics

aAn analytic approach for stressed-skin models was adopted to evaluate the
stresses and deformations in the rack modules [1, 3]. Essentially, the module
was represented by lumped masses linked by beam elements possessing eqguivalent

bending, torsional, and extensional rigidities and shear deformation

coefficients. These properties were used to determine the stiffness matrix

for the elastic beam elements.

Impact springs were used between the lumped masses of the fuel assemblies
and those of the fuel rack to simulate the effect of impact between them. The
spring rates of these impact springs were determined from the local stiffness
of a vertical panel and computed by finding the maximum displacement of a
6.0-in-diam circular plate built in around the bottom edge and subject to a
specified uniform pressure. The Licensee did not mention the corresponding
compliance of the fuel assembly in determining the value of the impact
springs. The effect of neglecting the compliance of the fuel assembly is
conservative in that it would sharpen the impact force, i.e., produce a higher

force for a shorter time.

Linear frictional springs in two orthogonal directions were placed at
four corner positions on the rack base to represent the effect of the static

frictional force between each mounting pad and the pool liner. Angular
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frictional springs about the vertical axis of each pad representing the
distribution of pad friction under angular motion were not provided in the
model. Review of the application of angular frictional springs indicated that

their contribution to the displacement solution would be negligible.

3.2.2 Stress Evaluation and Corner Displacement Computation

Computer code "EGELAST", a proprietary code of the Joseph Oat Corpora-
tion, was used to compute critical stresses and displacements in the rack
module and its support. Nine critical locations were identified on the cross
section of rack chosen for stress evaluation, including the four corners of
the cross section, the midpoint of each of the four sides, and its center.
For every time step, the stress and displacement results from the dynamic
model were input to "EGELAST" for computation. Stresses were evaluated at
each of the nine critical locations at each selected cross section of the
rack. Displacements were calculated at each of the four corners of the cross
section. Maximum stresses and corner displacements were determined for all

time steps.

3.3 EVALUATION OF THE NONLINEAR DYNAMIC MODEL

3.3.1 Assumptions Used in the Analysis

The following assumptions were used in the analysis:

a. Adjacent rack modules were assumed to have motions equal and opposite
to the rack module being analyzed. This defined a plane of symmetry
in the fluid of each space between the module being analyzed and the
adjacent modules and permitted the analysis of an isolated rack
module.

b. All fuel rod assemblies in a rack module were assumed to move in
phase. This was necessary for the lumped mass model and was assumed
to produce the maximum effects of the fuel assembly/storage cell
impact loads.

c. The effect of fluid drag was conservatively omitted.

Assumption "a" was made to reduce the collection of fuel racks in the

spent fuel pool to a manageable three-dimensional problem--that of one rack
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module. The assumption offers a degree of conservatism in that it reduces the
available clearance space between rack modules for dynamic displacement with-
out impact to one~half the initial clearance. A further discussion of its
effects upon hydrodynamic coupling is presented in Section 3.3.3 of this

report.

Assumption "b", said to offer conservatism, is not necessarily
conservative. Regardless of the initial position of each individual fuel
assembly, all fuel assemblies within a fuel rack module will settle into
in-phase motion soon after the rack module is set in motion. This is because
each fuel assembly is a long vertical column which pivots about its base and

moves within a very small clearance within the rack cell.

With respect to Assumption "c”, review indicates that fluid drag is a
complex issue [4, 5, 6]. The OT Position Paper (2], which forms the principal
basis of acceptance criteria for this plant, indicates from a previous study
[5] that viscous damping is generally negligible and that increased damping
due to submergence in water is not acceptable without applicable test data
and/or detailed analytical results. However, a more recent paper (6]
indicates that the hydrodynamic damping of a perforated plate vibrating in
water is comprised of two regimes, the smaller of which is proportional to the
kinematic viscosity, while the larger is "a non-linear regime where the log
decrement is proportional to the vibrational velocity and is independent of
viscosity." Thus, even for the small displacements of a vibrating perforated

plate where hydrodynamic flow about the plate is not developed, Reference 6
| indicates that fluid damping independent of viscosity is present. This is
supported by Fritz [4], who, in addition to developing relationships for
coupled hydrodynamic mass in submerged flexible body vibration, developed the
associated damping relationships based upon Darcy friction factors that also
show damping to be proportiocnal to velccity as well as fluid density. While
Fritz's relationships indicate the damping magnitude to be very small, the
motion of a fuel assembly throughout its clearance from the cell walls is
sufficient to promote some hydrodvnamic flow about, and through, the fuel

assembly that is more fully developed than for the case of vibrating bodies.
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Since the Licensee has not taken any credit for impact structural damping
of the limber fuel assembly, it appears that a small amount of damping could
be justified as either impact damping or equivalent fluid drag without

compromising the conservatism of the analysis.

3.3.2 Lumped Mass Model

The lumped mass approach was used in thé dynamic model, wherein the mass
of the fuel rack was lumped at five equidistant locations as shown in
Figure 1. For horizontal motion, the rack mass was proportioned at one-
quarter of the total mass for each of the three middle mass nodes and at
one-eighth of total mass each for the top and the bottom nodes. The mass of
the base plate and support structure was lumped with the bottom node. For the
fuel assemblies, five lumped masses were used in a similar pattern of
distribution. For vertical motion, two-thirds of the racks' dead weight acted
at the bottom mass node, with the remaining one-third applied at the top
node. All of the dead weight (gravitational force) of the fuel assembly was

at the bottom node.

3.3.3 Hydrodynamic Coupling Between Fluid and Rack Structure

When an immersed fuel rack is subject to seismic excitation, hydrodynamic
coupling forces act between the fuel assembly and fuel rack masses, as well as
between the fuel rack and adjaceht structures. The Licensee applied the
linear model of Fritz [4] to estimate these coupling effects. 1In evaluating
the hydrodynamic coupling between adjacent racks, the Licensee also assumed
that the rack was surrounded on all four sides by rigid boundaries separated
from the rack module by an equivalent gap. As discussed previously in Section
3.3.1, the Licensee chose to model the dynamic condition wherein adjacent rack
modules were assumed to have motions equal and opposite to the module being
analyzed. While this assumption neglects the fact that adjacent rack modules
may have quite different dynamic response characteristics, such as to interact
and respond as a global system, it does provide a very manageable reduction in

the analytic modeling of the problem while addressing the case in which the
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available space for dynamic rack displacement is at a minimum. Review and
evaluation of this assumption has indicated that, while the associated
conservatism cannot be evaluated directly within the scope of this review, the
assumption is considered to provide an adequate modeling technique so long as
the resulting dynamic displacements remain small compared tc the available

diéplacement space.

Fritz's [4] method for hydrodynamic coupling is widely used and provides
an estimate of the mass of fluid participating in the vibration of immersed
mass-elastic systems. Fritz's method has been validated by excellent agree-
ment with experimental results [4] when employed within the conditions upon
which it was based, that of vibratory displacements which are very small
compared to the dimensions of the fluid cavity. Application of Fritz's method
for the evaluation of hydrodynamic coupiing effects between fuel assemblies
and the rack cell walls, as well as between adjacent fuel rack modules or rack
modules and a pool wall, has been considered by this review to serve only as
an approximation of the actual hydrodynamic coupling forces. This is because
the geometry of a fuel assembly within a rack cell, as well as the geometry of
a fuel rack module in its clearance space, is considerably different than that

upon which Fritz's method was developed and experimentally verified.

Although the limitations of Fritz's (4] modeling technique for hydro-
dynamic coupling of fuel assemblies within a rack cell, and of rack modules
adjacent to other rack modules or a pool wall, indicate that the hydrodynamic
coupling is accurate only for dynamic displacements that are small felative to

the available displacement clearance, the Licensee provided the following (7]:

"The fuel assembly is modelled as a blunt square body inside a square
cross section container. The hydrodynamic coupling mass utilizes Fritz's
well known correlations for infinitesimal motions. Inclusion of finite
amplitude motions (which is the case for a rattling fuel assembly) is
known to significantly reduce the peak rack seismic response (vide,
"Dynamic Soupling in a Closely Spaced Two Body System Vibrating in a
Liquid Medium", by A. I. Soler and K. F. Singh, Proc. of the Third
International Conference on Vibration in Nuclear Plant, Keswick, D. K.
1982). Therefore, Fritz's equation used in the analysis lead to an upper
bound on the solution."
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3.3.4 Equations of Motion

The Licensee included 32 degrees of freedom in the lumped mass model.
All rack mass nodes were free to translate and rotate about two orthogcnal
horizontal axes. The top and bottom rack mass nodes had additional freedom
for translation and rotation with respect to the vertical axis. The bottom
fuel assembly mass node was assumed fixed to the base plate, whereas the
remaining four fuel assembly mass nodes were free to translate along the two

horizontal axes.

The structural behavior of the lumped mass model was completely described
in terms of 32 equations of motion, one for each degree of freedom, which were
obtained through the Lagrange equations of motions. Review and evaluation has

confirmed the acceptance of this approach.

3.3.5 Seismic Inputs

With respect to seismic excitation, the Licensee indicated in the original
submittal [1] that the model was subjected to simultaneous application of the
three orthogonal excitations. However, in response [8] to a list of questions,
the Licensee stated that only the vertical seismic motion and the horizontal
seismic motion components were considered and that the specified horizontal
seismic component was broken into two additional components acting along the X
and Y directions. 1In a communication* with the Licensee on May 25, 1984, it
was learned that the horizontal seismic motion was assumed to act at an angle

of 45° to the rack for division into X and Y components.

Evaluation of this approach has indicated that the placement of the hori-
zontal seismic excitation of a 45° angle with respect to the fuel rack module
was an arbitrary assumption. This was valid to show the dynamic response
under that three-dimensional excitation, but unless the earthquake has a

‘prescribed horizontal orientation with respect to the plant, the Licensee

should have investigated and reported on the worst-case orientation.

*R. C. Herrick telephone communication with Dr. Alan Soler on May 25, 19584.
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Since the orientation with respect to the plant was not specified, the
Licensee provided additional dynamic response runs for those rack modules
believed to represent the worst case. The displacements for these runs are

included in this report.

3.3.6 Integration Time Step

With respect to the integration time step, the Licensee indicated that a
central difference scheme was used in the DYNAHIS program to perform the
numerical integration of the equations of motion discussed in the previous
section. In a May 7, 1984 meeting [8], the Licensee stated that a time step
of 0.00002 sec was selected based on the lowest vibratory period of the fuel
rack. Concurrent with this review, the Licensee investigated the effect of
time step size on the stability of the dynamic displacement solution. The
results of the investigation were presented and discussed at a working meeting
[10] in the USNRC offices. iimited points on a curve‘of computed displacement
amplitude versus the integration time step size appeared to confirm that the
0.00002-sec timé step used for some of the computer solutions reviewed herein
yielded a converged solution. However, concern was raised that the range of

the time step size providing a satisfactory solution was very small [10].

In response to the concerns raised during the review, the Licensee con-
tinued a study of the computer solution toward providing verification of an
adequate solution. A concluding summary of these actions is included in

Section 3.3.10 of this report.

Section 3.2.1 of this report discusses the fact that the Licensee did not
include the compliance of the limber fuel assembly in the estimation of the
spring constant of the impact springs between the fuel assembly mass and the
rack cell mass. Also, the Licensee did not employ any damping between these
masses when at least some small value of impact damping could have been
justified. Damping between these masses generally aids the convergence of the
solution, but a smaller spring constant would provide a more significant
effect. The mass of the fuel assembly, in association with a stiff impact

spring, would respond in a very short time. This sharp response in the
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Licensee's analytic model may contribute to the observed need for very small
integration time steps and the associated narrow range in time step size

between solution convergence and the effects of round-off error.

3.3.7 Frictional Force Between Rack Base and Pool Surface

The Licensee used the maximum value of 0.8 and the minimum value of 0.2
to cover the range of static coefficient of friction between rack base and
pool liner. The Licensee indicated that the maximum cocefficient of friction
usually produces the maximum rack displacement [9]. However, the reported
analysis results [1, 3] (see also Section 3.3.9 of this report) show that the

opposite can be true. The Licensee should provide further clarification.

Rabinowicz, in a report to the General Electric Company, focused attention
on the mean and the lowest coefficient of friction {ll]. Rabinowicz also
discussed the behavior of static and dynamic friction coefficients, indicating
that the dynamic, or sliding, coefficient of friction is inversely propor-
tional to velocity. Thus, the use of static and dynamic coefficients of
friction could produce larger rack displacements; that is, the higher value of
static friction could permit the buildup of energy that may require a larger

displacement at a lower value of dynamic friction to dissipate.

A key to the importance of the complicating consideration of static and
dynamic friction appears to be whether significant rack energy is dissipated
in sliding friction. 1If only minimal rack energy is dissipated in sliding
friction, then more complete methods of modeling friction would make very

little difference in the resulting computed displacement.

3.3.8 Impact with Adjacent Racks

As indicated in the Licensee's submittals [1, 3], one of the Licensee's
structural acceptance criteria is the kinematic criterion. This criterion
seeks to ensure that adjacent racks will not impact during seismic motion. As
shown in Figure 2, gaps between racks vary from rack to rack. 1In response to

FRC's list of guestions [13], the Licensee stated that an equivalent gap was
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used to simplify the inter—-rack interaction problem to a standard configura-
tion (9]. This equivalent gap will form a bounding space around the rack,

which fluid is assumed not to cross.

3.3.9 Rack Displacement Results

For the Licensee's mathematical model, the no-collision-of-adjacent-racks
criterion requires that the maximum rack displacement be smaller than half of
the gap between racks., If both adjacent racks are analyzed, then the sum of
their displacements should be less than the rack clearance. While it is
acceptable to use an average, or equivalent, gap for the purpose of assessing
the contribution of fluid action around a fuel module with unequal spacing
from other modules, the actual minimum operating gap must be used for compari-
son with the computed displacements. Although the module may, under the
influence of seismic excitation and induced fluid forces, move toward the
position of equal gaps from its initial position, repeated collision with
adjacent modules could take place before any minimum gap is widened. Thus,
comparison of the computed fuel module displacements with the minimum
operating gap is essential. However, it appears that the Licensee compared

displacements to the equivalent gap.

During the review, the Licensee provided rack module dynamic displacement
data in addition to those provided in the Licensee's reports (1, 3]. The
additional dynamic displacement data [12] were supplied when it was discovered
that the data under review from the Licensee reports [1, 3] were computed at
an integration time step of 0.00003 sec instead of 0.00002 sec as reported by
the Licensee's response [9] to a request for additional information. Both
sets of data are reported and discussed below. Also, the Licensee provided
additional displacement solutions toward verification that the solutions for
the 0.00002-sec integration time step represent a valid solution not adversely
affected by a lack of convergence or computer round-off error. This additional

information is presented and discussed in Section 3.3.10 of this report.

The following module displacement data were selected from the Licensee's

reports [1, 3}]:
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Representative Displacement Data from Licensing Report [1l]

Array Height of Rack
Rack Size Baseplate from Coefficient Maximum
Type Cell/Module (cells) Pool Liner (in) of Frictiocn X-Displacement (in)
E 312 20x16 11.5 0.8 0.1254
0.2 0.655
F 315 21x15 6 0.8 1.298
0.2 0.535

All racks were fully locaded in these cases.

It was noted that rack module F had a maximum computed displacement of
1.298 in, whereas the installed clearance with the adjacent module was 1.5 in
as shown by the Licensee's Figure 2.1 [1]. Thus, 1,298 in was greater than
half the 1.5-in gap (0.75 in), but the combined displacement of E and F was

less than the total clearance.

Comparison of the rack displacement data for racks E and F listed above
indicated dramatically different displacements exhibited by two similar racks.
Assuming the maximum coefficient of friction for each rack is 0.8, rack F
yielded a displacement 10 times larger than that of rack E. For rack E, the
maximum displacement occurred with the minimum friction coefficient of 0.2.
The major difference between modules E and F appeared to be the height of the

support leg, 11.5 versus 6.0 in.

As noted above, the displacement amplitude for the additional data points
computed with an integration time step of 0.00002 sec is considerably less
than that reported in the Licensee's reports {1, 3), and was computed using a

time step of 0.00003 sec. The additional data points follow:
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additional Displacement Data Provided by Joseph Oat Corporation

Coefficient Earthquake Maximum
Rack of Horizontal Integration X-Displacement
Type Friction Direction Time-Step (sec) North-South (in)
F 0.8 45° to north- 0.00002 : 0.172
south :
F 0.8 0° to north- 0.00002 0.847
south

The first item in the listing of additional data, and showing a dynamic
response displacement of 0.172 in, was computed for rack module F under the
same physical conditions as yielded 1.298 in in the original data. The
difference appears, from the Licensee's study, to be due to the lack of
convergence of the numerical solution with the larger time step. While, as
discussed in Section 3.3.6, more data points on the convergence curve of the
Licensee's study are required to provide full confidence that adequate conver-
gence is reached with an integration time of 0.00002 sec, the Licensee
presented [10] evidence indicating that convergence may have been reached.
Thus, instead of a displacement of 1.298 in, a fully converged solution would
be on the order of 0.17 in to remove questions of possible impacting under the

conditions as mentioned above.

The second data point in the above listing of additional data supplied by
the Joseph Oat Corporation provided the maximum dynamic displacement computed
for rack module F where the full horizontal earthquake was applied across the
short dimension {north-south) of the rectangular fuel module. This was
computed using an integration time step of 0.00002 sec. Note the increase in
displacement that resulted from applying the earthquake directly across the
smaller dimension of the module instead of directing it at an approximate

angle of 45° to that direction.

Note also that the displacement of 0.847 in is still larger than 0.75 in
(half of 1.50-in clearance between modules) and would indicate the possibility

of rack module impacts, depending upon the amplitudes of displacement of rack

y
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module E. However, computations were not reported for rack module E for a
time step of 0.00002 sec, or for application of the earthquake in the

north-south direction.

Computed displacements for intermediate values of friction coefficient,
such as 0.4 and 0.6, may show a trend and therefore be useful in establishing
a relationship between the coefficient of friction and rack displacement.
While these were not provided by the Licensee, it is not believed that the
reporting of displacement data for intermediate values of friction would alter

the conclusions of this review.

3.3.10 Summary and Conclusions of the Dynamic Displacement Solution

In the study of solution convergence and stability, the Licensee
experienced difficulty in working with the very small time steps required by
the 32 degree-of-freedom (DOF) model with the conservatisms as discussed in
Section 3.3.6. In the course of this study, the Licensee turned to a 14 DOF
model of the same spent fuel rack (rack module F), where the time step of
integration and proof of convergence were more readily shown, to validate the
former 32 DOF solution by showing that the two models provide essentially the

same displacement results.
The Licensee provided the following discussion [7]:

»the computed peak displacement of .B43" (coefficient of friction .8,
horizntal acceleration aligned with the narrow direction) .00002 sec.
time increment solution could not be further refined due to round-off
errors. To obtain the converged value and to demonstrate convergence,
Oat ran the problem on a 14 degree-of-freedom model. The results are
summarized below.

Cat File No. Time Step (sec) Maximum Displacement (inch)
DGPT60 .0003 .6631
DGPT61 .0002 .6631
DGPT62 .0001 .6631

The successful convergence of the 14 D.O.F. model results is attributed
to the elemination of rotary inertia terms from the equations of motion.

-20-
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The equations of motion are derived in the published paper, "Seismic
Response of Free Standing Fuel Rack Construction to 3-D Floor Motion", by
A. I. Soler and K. P. Singh, Nuclear Engineering and Design, American
Nuclear Society {c. 1984).

The displacements reported in the foregoing are upper bound solutions in
view of the fact that several simplifying assumptions, which render the
analysis conservative, have been employed in obtaining the results.
Lower than permitted values of system dampling, no credit for additional
damping in the fuel assemblies, and synchronized impact of all fuel
assemblies in a module, are among the many assumptions which make the
computed values quite conservative.”

In comparing the displacement computed by the 32 DOF model (0.843 in)
with that of the 14 DOF model (0.663 in), it is not known whether the dis-
placement of 0.843 in for rack module F represented a fully converged solu-
tion. Because the lack of full convergence generally tends to increase the
magnitude of the computed displacement, the comparison of the values of 0.843
and 0.663 is accepted as providing reasonably good agreement. The fact the
computed displacements for the 14 DOF model are the same value for three time
step values indicates that the numerical solution for that model exhibited
satisfactory stability and convergence. A recognized consultant retained to

review the numerical analysis procedures concurs with these statements [14].

Although the 14 DOF model has not been reviewed in sufficient depth for
acceptance as a general method for dynamic displacement and stress, it 1is
believed that the model is sufficiently defined to provide valid solutions of
the dynamic displacement. Thus, it is the position of this review that the
results of the 14 DOF model serve only to confirm that the previous 32 DOF
.solution is the valid, sufficiently converged solution required for the spent

fuel racks.

With respect to the possibility of impacts, the lower displacement value
of 0.663 in that was computed with the 14 DOF model exhibiting good
convergence coupled with the conservative assumptions in the analysis is
accepted as indicating that the rack displacement due to a combination of
sliding and tilting is less than one-half of the 1.5-in clearance gap between

the adjacent rack modules.
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3.3.11 Stress Results

According to References 1 and 2, all critical stresses are within the
allowables required by the stress criteria described in Section 2. Of all
cases reported, the full rack with maximum coefficient of friction of 0.8
yields the highest stress factors. Note that the stresses represent the large
displacements associated with the non-convergence soluticon for at least rack

module F.

3.4 REVIEW OF SPENT FUEL POOL STRUCTURAL ANALYSIS

3.4.1 Spent Fuel Floor Structural Analysis

The Oyster Creek fuel pool slab is a reinforced concrete plate structure
with additional beams and end walls. The analysis was presented to demonstrate
structural integrity for all postulated loading conditions and compliance with

ACI-349 and NUREG-0800.

3.4.2 Licensee's Assumptions

The Licensee made the following assumptions for the analysis:

1. The floor slab was modeled with plate elements, and the reinforced
concete beams are represented by beam elements. The walls were not
represented in the model. The slab was assumed to be clamped at the
reactor wall and simply supported at the remaining walls.

2. The stiffness and strength .properties were based on complete cracking
of concrete. '

3. All the racks were fully loaded and a 40-ft column of water was
included in dead weight.

4. The dynamic model analysis was based on nine master degrees of
freedom, which corresponded to the locations of concentrated loads
(racks). The dynamic mass included the reinforced concrete mass and
the virtual mass of water. The dynamic analysis considered both
seismic excitation and impact loading from rack analysis.
The effect of assumed boundaries in the first assumption was conservative
for slab moments on the north-south span, but may not be conservative for the
east-west span, especially when the effects of hydrostatic and hydrodynamic

loads on the walls are considered.
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The other assumptions were reviewed and found to be satisfactory.

3.4.3 Dynamic Analysis of Pool Floor Slab

The Licensee described the general formulation of the dynamic model
analysis procedure. The dynamic analysis was performed for both vertical
seismic excitation and impact loading from racks. A 9 DOF model is used with
4% damping for OBE events and 7% damping for SSE events. The maximum slab
deflections at the nine selected coordinates were compared to the corresponding
displacements from the static finite element analysis, and the amplification

factors were obtained.

The results of the Licensee's analysis indicated a fundamental frequency
of 28.3 Hz and the amplification factors of 0.005 for the seismic event and

0.919 for the rack impact loads.

The exceptionally low value of amplification factor (0.005) was shown by
the Licensee [10] to be produced by the summation of nearly equal positive and
negative contributions related to the particular earthquake used. A slightly
differnt earthquake would produce a much larger amplification factor. However,

there is ample margin in the structure,.

In addition to the dynamic analysis considered by the Licensee, this
review of the seismic analysis of the spent fuel rack modules and the analysis
of the spent fuel pool structure has revealed the existence of high dynamic
vertical forces in the mounting feet of the fuel rack modules. Dynamic
loadings supplied by the Licensee in response to questions submitted through
the NRC indicated that the instantaneous vertical force on a mounting foot of
module F, for example, reaches a value of approximately 242,000 1lb.* Since
the mounting foot on which this occurs is not defined, it must be applied to
the worst case, that of the mounting foot incorporating a single 4.5-in-diam
mounting pad and located adjacent to the spent fuel pool drainage channel.

The resulting pressure on the liner and concrete exceeds 15,000 psi,* which is

greater than the strength of the concrete and may cause crushing of the

* Maximum value for rack module F from the analysis using 0.00003 sec
integration time steps and yielding large displacements.
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concrete under the mounting pad and pool liner. 1In addition, since the load
may be applied to the spent pool floor immediately adjacent to the edge of the
drainage channel, the Licensee should provide assurance that the corner of the
drainage channel will not fail in shear if it cannot be proven that the high
dynamic load will not be confined to another mounting foot of the fuel rack

module.

It may be noted that the Licensee discussed [10] analysis methods by which
the loads and stresses above could be shown to be satisfactory. However, if
the dynamic rack module displacement is shown in a fully converged solution to
be much lower, the corresponding loads and stresses discussed here will be

lower.

3.4.4 Results and Discussion

The following critical loading combinations were considered by the Licensee:

a. l.4D+ 1.9E

b. 0.75 (1.4 D + 1.4 Ty)

¢. 0.75 (1.4 D+ 1.4 Tg + 1.9 E)

d. D + Ty + E')

where:

D = dead load of slab plus 40-ft column of water and dead weight of
fully loaded racks

To = thermal loading due to 21° temperature differential across the
slab depth

E = OBE seismic load

E' = SSE seismic load.

The moments due to thermal gradient were based on an eqivalent homogenous
slab with all floor curvatures suppressed and slab rigidity based on cracked

condition.

The results of the analysis were summarized in Tables 8.2 through 8.7 of

Reference 1. Table 8.7 of Reference 1l gives the critical pool floor structural
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integrity checks. It shows that the actual factored values of slab and beam
moments and shears are lower than the ACI allowable values by a factor ranging

from approximately 1.5 to 3.0.

3.5 REVIEW OF HIGH-DENSITY FUEL STORAGE RACKS' DESIGN

Comments and conclusions regarding Section 7 (1], entitled "Other

Mechanical Loads," are contained in the following subsections.

3.5.1 Fuel Handling"

In Section 7.1.1 [1], the Licensee discusses the mechanical loading due
to fuel handling. A downward load of 1700 lb is considered to be acting on
the rack; the load is applied on a l-in characteristic dimension. No details
were given in the report regarding the basis of this characteristic length.
However, it is understood that this characteristic length is based on the two
fuel cell wall thicknesses, each of 0.063 in.* Independent checking performed
by the reviewer indicates that the local stress in the rack due to a 1700-1b
downward load is in close agreement with the 14,000-psi stress shown in the
report. Therefore, it can be concluded that the approach is conservative and

that the analysis is satisfactory.

3.5.2 Dropped Fuel Accident I

Section 7.1.2 {1} demonstrates that the fuel assembly (600 lb), when
dropped from 36 in above the storage location onto the base, will not penetrate

the base plate.

The 600-1lb weight used in this calculation is not in agreement with the
fuel assembly weight (800 1lb) used in Section 7.1.1 {1]. It is understood that
the effective weight to be used should include the buoyancy effect (estimated
as 75 lb acting upwards), resulting in a net effective load of about 725 1lb,

which is larger than the 600 lb used.

*R, C. Herrick telephone communication with K. Singh on May 18, 1984.
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Detailed calculations on this subject are given in the seismic analysis
report by A, I. Soler [3], but the reviewed report did not mention these

calculations.,

It can be concluded that, even by using the larger load, the base plate
penetration estimated as 0.446 in will be increased slightly but will be less
than the base plate nominal thickness of 0.625 in; therefore, the base plate

will not be pierced.

'3.5.3 Dropped Fuel Accident II

Section 7.1.3 of the report [1l] discusses the effect of a fuel assembly
dropping from 36 in above the rack and hitting the top of the rack. The report
indicates that the maximum local stress is limited to 21 ksi and is less than
the yield stress of the material of 25 ksi. Although no details were giVen in
the reports [1, 3] about the possibility of local buckling that could alter
the cross-sectional geometry of the racks, the Licensee explained satisfac-

torily {10] that any such deformation will not jeopardize the fuel assemblies.

3.5.4 Local Buckling of Fuel Cell Walls

Section 7.2 of the report [l] demonstrates that the facks have adequate
margin of safety for local buckling under a seismic (safe shutdown earthquake
{SSE]) event. 1In view of the conservative assumptions used and the large
margin of safety available, it can be concluded that local buckling under the

SSE loading is not possible.

3.5.5 Analysis of Welded Joints in Rack

Section 7.3 [1l] discusses the integrity of the welded joints in the rack

under thermal and seismic loading.
Under thermal loading, the stresses in the welds are small.

Examination of the computer plots for the analysis of the simulated
seismic effect on the racks reveals that the supporting pads lift alternately
off the ground. The Licensee showed [10] the existence of the analysis for

these loads. These analyses are considered to be satisfactory.
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4. CONCLUSIONS

Based on the review and evaluation, the following conclusions were

reached:

(o]

Although the Licensee's mathematical model for structural dynamics of
the spent fuel rack modules under seismic loadings considers the
three-dimensional dynamics of one rack module, it represents,
nevertheless, a state-of-the-art approach because of the intensive
computer resources and computer run-time required for non-linear,
time~history, structural dynamics solutions.

The seismic dynamic model considers only the case of fluid coupling to
adjacent rack modules wherein the motion of each adjacent module
normal to the boundary is assumed to be equal and opposite in its
displacement to the module being analyzed. Although this assumption
neglects the fact that adjacent fuel rack modules may have quite
different dynamic response characteristics, it does provide a very
manageable reduction in the analytical modeling of the problem while
addressing the case in which the available space for dynamic rack
displacement is at a minimum.

The limitations of the modeling technique employed for hydrodynamic
coupling of fuel assemblies within a fuel rack cell and of fuel rack
modules to other rack modules and the pool walls indicate that the
modeling technique contributes known accuracy only for the condition
where the displacements are small as compared to the available
clearance space. However, the solutions provided appear to become
upper bounds where the displacements are not small.

The Licensee took no credit for damping between the fuel assemblies
and the rack cell walls, whereas the properties of the limber fuel
assembly may permit the use of structural impact damping.

The Licensee did not include the compliance of the limber fuel
assembly in the estimation of the spring constant for the impact
springs between the fuel assembly masses and the fuel rack masses.
While this omission increased, in a sense, the conservatism of the
analyses by increasing the sharpness of the impact forces, it may have
also increased the need for a smaller time step of integration and
thus narrowed the range of time step size between solution convergence
ané accumulation of computer round—-off error.

The rack module displacements reported by the Licensee are large, but

do not indicate the possibility of impact between adjacent rack
modules or the pool walls.
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o The spent fuel pool was considered to have sufficient capacity to
sustain the loadings from the high-density fuel racks.

It is concluded that structural analysis of the spent fuel rack medules

and spent fuel pool meets the acceptance criteria.
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