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January 14, 1992

U. S. Nuclear Regulatory Comm.
Offico of Nuclear Materials Safety
and Safeguards
Div. of Fuel Cycle and Material Saf.
Washington, D.C. 20555 ;
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Subject Oconeo Nuclear Station
Docket Nos. 72-04, 50-269, 50-270, 50-207
Independent Spent Fuel Ftorago Installation (ISFSI)
Final Safety Analysis Peport
1992 Updato

Pursuant to 10CFR 72.70, ploose find attached 8 copios of the
199.1 Updato to the Oconoo 18FSI FSAR. This is a completo
retasuo of the FSAR in the Bookmastor Format and should replace

'

the entire contents of the existing FSAR manual which should
either be discarded or clearly marked as superseded.

Revisions of f active with this updato are marked by a "1" in the
left hand margin. The offectivo dato June 30, 1991, is

indicated at the bottom of the page.
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U. S. Nuclear Regulatory Commission
January 14, 1992 1
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J. W. Hampton, being duly sworn, states thtt ho is Vice
President of Duke Power Company, Oconoo Nucioar Sitol that he
is authorized on the part of said Company to sign and file with )
the Nucioar Regulatory Commission this revision to the ISFSI 1

FSAR and that all statomonts and matter set forth thoroin are
truo and correct to the best of his knowledge.

//< W. 'Hamp)tn) ,ico President
) ._

conoo Nucioar Site

Subscribed and sworn to before me this 14th day of January,
1992.
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Notary Public' /
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January 16, 1992

Subject: Oconee Nuclear Station
Docket Nos. 72-4, 50-269, 50-270, and 50-287
1991 FSAR Revision
Independent Spent fuel Storage Installation (ISFSI)

The ISFSI FSAR was converted into an electronic publishing format
just prior to initiating the 1991 revision cycle. This " converted"
FSAR is thus a complete reissue, containing revisions effective as
of June 30, 1991. Please discard your copy of the old FSAR, or
enstre that it is clearly marked as a superseded document.

_.__.The revision line ~_ indicator is a "1" in the left hand margin
correspondini ' tio ~the 1991' Update. These indicators will remain
until they are superseded by subsequent indicators. Next year's

revision line indicatcr will be the number "2".

Our goal is to reduce the costs associated with the maintenance of
numerous copies of the ISFSI FSAR by providing it in an electronic
format.

R. L. Gill, Jr. , Technical Syste t Manager
Regulatory Compliance
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By: Helen Froebe
Regulatory Compliance
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Oconee ISFSI Safet3 Analph Regert 1.1 Introduction

[D\

1,1 INTRODUCTION

Duke Power Co. bepn commercial operatio of the Oconee Nuclear Station,1 mts 1,2, and 3 on July'

15,1973, September 9,1974 and December 16.1974 respectively, Stnce then thes- three 25% N1Wt units
have penerated millions of KW!1 in a safe and rehable manner, in so doing. these uruts have discharged a

1 total of approximately 2100 spent fuel assemblies. These assembbes are currently being stored in two
onsite poch and in the NicGuire Nuclear Station spent fuel poch. The need to provide additional onsite
storage facihties to permit continued operatica ir discussed in 9,10. and 11 of the limironmental Report
(Reference 1 on page 121) mbmitted as pan of the Oconee Independent Spent I uel StoraFe lustalation
(ISI SI) bcense appbcation-

lo suppon this need and provide storage until the Department of Frergy (DOE) bepns to accept title to
spent fuel under the reyiirements of the Nuclear Waste Pohc) Act of 19h2. as amer ded in 19P, Duke
Power is requestmp permission to budd and operate an ISFSI in cornphance with 10rFR 72. Duke
Power has chosen the NUllON1s 24P dry storage sptem designed by Sutech I npneers, Inc. to be used
on the Oconee site. The NtillON1$ 24P system is more fully described in Revision IA of the lopical
Repon for the Nullo \1424P system submitted by Sutech I npneers, Inc. in July 19% and accepted by
the NRC on Arn! 21,19k9 lhe location of the Isl Si on the Oconee site is shown on Figure 1 1 on
page 1-4.

The Nt'llON1%24P sptem provides long term mtenm storage for irradiated fuel assembbet The fuel
assembbes are confined in a helium atmosphere by a stainleo steel canister. The canister is protected and

(e) shielded by a masshe concrete module Daa> heat is removed by thermal radiatic.n, conduction and
comection from the canister to an air plenum tnside the concrete module, Air ' lows through this internal'

plenum by natural dratt comeetion

The canister containing twenty-four trradiated fuel assembbes is transferred trom the spent fuel pool to the
concrete module in a transfer cask. The cask is precisely abgned and the canister is msened into the
module by means of a hydraube ram.

.

The NL ilONIS 24P system is a totally passive installation that is designed to provide shieldtng and safe
confinement of trradiated fuel The dry storage camster and honiontal storage module have been designed
to withstand certain accidents as described in this SAR.

The fuel assembbes to be stored in the ISFSI are currently located in the Ocence spent fuel pools and
wert irradiated m the Oconee reactors 1wenty four fuel assembbes are stored in caeh dry storage canister,
and one dry storage canister is stored in each concrete module. The beense apphcation requests a heense ,

to construct and operate a total cf eighty eight modules (2112 assembbes) These modules will be built
incrementali) as needed. to match t e requirements for additional storage. Operation of the facility willL

contmoe past the first year for up to 20 years under the imtial license and continue under license extension
as necessary until the fuel can be shipped to a permanent repository. As defined in Table 1.2-2 of
Reference 2 on page 121 the minimum semce hfe of the facihty is 50 years. Dunng this semce life, while
any psen llSN1 could be unloaded and later reloaded with a new DSC. reloading a given DSC following
removal of the enginal fuel assembbes is not anticipated due to the potential destructhe nature of the top
end shield plug remmal process. Iloweser. enhanced techruques may be developed which prevent DSC
damage dunng plug removal 1 ventual reuse of the 115. ls will depend upon the schedule and restnctions\

for spent fuel debvenes to DOL under the NWPA.
n
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bi
V

1.2 GENERAL DESCRIPTION OF INSTALLATION

1.2.1 GENERAL DESCRIPTION

'lhe ISTSI provides for the horizontal, dry storage of irradiated fuel assemblies (IFAs) in a concrete
module. De principal components are a concrete horizontal storage module (!!SN1) and a stainless steel
do storage canister (DSC) with an intemal basket which holds the IFAs. F.ach IISNI contains one DSC
and each DSC contaim twenty four fuel assemblies.

Despite DOlli obligations under the original Nuclear Waste Policy Act of 1982, Duke Power's current
best estimate for receiving spent fuel storage relief under the Nuclear Waste Policy Amendments Act of

1 199 is the year 2010 at the ecliest. Oconeci prudent storage requirements through 2003 will necessitate
che comtruction of ''2 IISNis. This appbcation. however, is for construction and use of up to eighty-eight
ilSNii This addi ional margin of 16 IISNis will provide the minimum storage capacity needed to carry
the Oconee Nudear Station to its end of operating hfe tf necessary

1 The i:utial pl.ase of construction including twenty modules was completed in stay 1990. Additional
1 modules will be added as required on separate foundations without impact to the preceeding or succeedmg

modules Analyses for structural and foundation requirements provide for constructing modules in any
array size between a singw ilSN1 and a 10x2 array (2 row s of 10 modules back to back).

= (] In addition to these primarv components, the Oconee ISI Si also requires transfer equipment to move the

-(^j DSCS from the spent fue: pool (where they are loaded with the IFAs) to the llSNis where they are stored.
This tramfer system consists of a transfer cask. a hydraulic ram, a truck. a trailer and a cask skid. This
transfer system wiD interface with the existing Oconee spent fuel pool, the cask crane, the site layout (i.e..
roads and topographyl and other procedural requirementt

1.2.2 PRINCIPAL SITE CHARACTERISTICS

The ISFSI is located on the Oeo.,ee Nuclear Station site near Seneca, South Carolina. Duke Power
Company owns and operates three 2565 .\1W1 nuclear Feneratmg units on the Oconee site. The ISFSI is
located outside the protected area bet within the owner controlled area approumately 100 ft. west of the
Station's condemor cooling water intake structure (Figure |1-1 on page 14).

1.2.3 PRINCIPAL DESIGN CRITERIA

The principal design enteria and parameters for the Oconee lhFSI are shown in Table 1 1 on page 17.
The radiation sources are for the reference fuel assembly. For the majority of the fuel to be stored, the
radiation sources will be less than or equal to the sources descrioed in the Sl:liONIS 24p Topical Report

- (Reference 2 on page 1-21). For radiation sources larFer than the sources described in Reference 2 on
; page 121 restrictive measures will be used to ensure surface dose rates that are Al.Al A and below design

basis limits.

1.2.3.1 Structural Features

The llSNI is a low profile reinforced tonerete structure designed to withstand normal operating loads, the

[ abnormal ' loads created by seismic activity, tornados and other natural events and the postulated

( accidental loads which may occur durmg operation.

f-
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1.2 Genual Description of installation Oconee ISI'SI Safety Analysis Report .

The structural features of the DSC are defmed, to a large extent, by the cask drop accident. *lle DSC
body, the double seal welds on each end, and the DSC intcmals are designed to provide for fuel retrieval

"

aher a postulated maximum credible drop.

1.2.3.2- Decay Heat Dissipation

The decay heat of the IFAs is removed from the DSC by natural uraft comection. Air enters the lower
part of the ilSN!, rises around the DSC and cuts through the top shieldmg slab. The flow cto.s-sectional
area is designed to provide adequate air flow from the draft height of the llSN! and the inlet and outlet air
temperature diflerences for the hottest day conditions (i.e.,46.PC or ll6'F).

1.2.4 OPERATING AND FUEL HANDLING SYSTEMS

The major operating systems of the ISI S1 are those required for fuel l'andhng and transport of the fuel
from the spent fuel pool to the ISFSI. General operatiom are outlined in Table 12 c 1 page 19 and the
pnmary design parameters of the required systems are listed in Table 13 on page 110. The majority of
the fuel handhng operations involving the transfer cask (i c., fuel loading drying, trailer loadmg, etc.)
utilue standarJ techniques at Dconee for spent fuel shipment. The remaimng operations (scal weldmg.
transfer cask IISN! alignment, and DSC transfer) .re unique to the ISFSI.

1.2.5 SAFETY. FEATURES-

- The principal safety feature of the ISFSI is the containment provided by the DSC and the coherete-

p_ shieldmg of the IISN!. In addition to its structural and missile protecti'on functions, this shieldmg reduees j

gy the gamma and neutron flux emanating from the _11 As inside a DSC so that the average outside surface
'

dose rate on the llSN! is less than 20 mr hr. Additional ISI Si features include:

1. Filling the annulus between the DSC and transfer cask with deminerahzed water and seahng it prior
- to lowering them into the spent fuel pool - Preunts contamination of the DSC extenor by pool
water.

2. Internal shield blocks inside the IISN! which compr;se the shielded vcatilation plenum Reduces

scatter dose out of thr air inlet

3. Extemal shield blocks on the llSN! roof Reduces scatter dose out of the air outlet.

= 4. Shield plugs on the DSC ' Reduces dose during DSC drying, helium fdhng and seal weldmg.

5. Double seal welds on each end of the DSC Prevents leakage of radioactive gases or particulates if
the fuel rods should fail.

1.2.6 RADIOACTIVE WASTE AND AUXILIARY SYSTEMS

Because of the passise natur of the ISFSI, there are no radioactive waste or auxiliary systems required
dunng normal storage operations. There are, however, some waste and auxiliary systems required during
DSC loading, drying and transfer into the module. The Oconee waste >ystems handle the fuel pool water
and air.which are vented from the DSC during drying. Auxiliary handling systems (such as hydraulic
pressure control. alignment, crane, etc.) are also required during the loading and transfer operation.

(
A.
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1.2.7 TABLES

Table 1 1 (Page 1 of 21. Dswign Parametta for the Oconce ISI St

GENFR Al DFSIGN RI'Ol'IRl31FNTS

Maximum weight on crane book 100 tons

Capacity (Casks Canister) 24 PWR Assys

- Maximum assembly wright 1652 lbs.

Reference l'ue! Assembly parameters:

a) Nominal burnup 40,000 MWD MTU

b) Initial Enrichment (Nlmmum, 4n%

c, Maximum initial Uranium Content 472 kg assembly

d) Coohng Time 10 years nominal

c) I uel Rod Ana> 15 x 15

('/) 1 uel Cell Fnvelope (Mimmum s b.75 8.85 in.

(
Effectise multipheation factor K,n < 0.95

Intemal DSC atmosphere Inert Gas (llelium)

- Ambient temperature -30'l to ll6*F

- Solar heat load (Maximum) 1271111 hr ft2

Average doses at llSM surface dunng 20 mr hr
storage - combined gamma and neutron

Maximum Axia! Midplane Dose at 1ransfer 200 mr.hr combined gamma and
Cask Surface dunng T ransport; nentron

- Maximum leadmp ileight (l'uel Pooh 15' 6 above pool floor

- Storage orientation florirontal

' Normal Operating Equibbnum Clad lemperature 340'C

Assume Credit for ilumup for Cnticahty llased on 1.4.W Initial
Computations Ennehment equivalent.2

- Accessible with Fuel Masts

(- U
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|
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L}
T able 11 (Page 2 of 2b Design Pararneters for the Onmee IsrSt

. Maximum Assembh length (includes 173 in.

Radiation Gromh and Control Components)

. Active I uel length 144 in.

Note:

1 1. Licensing basis design calculations assume a homo.peneous source over the active fuel region (See
Section 7.21, "Characteruation of Sources" on page 7 93. Elesated dose' rates in excess of 200
mrem hr over hmited areas of the transfer cast surface may be observed in particular, elevated

'

gamma dose rates in excess of 200 mrem hr, centered on fuel assembly end fittinp, can be anticipated
I based on initial DSC loadmg dose rate surve) data. Supplementary shielding calculations perfonned -

1 subsequer1 to ISl~Si operation demonstrate dose rates as hip.h as $65 mrem hr centered on fuel or
i near assembly end fittings can be anticipated.

I 2. Primary licensing basis enticahty control design feature is credit for 1610 ppm soluble baron in DSC
cavity during wet loading operationt 1-uel assembly irdtial ennchment bumup qualification
procedures proside additional enticality safety margin.

I'"5
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|
|
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lable 12. Summary of ISI'SI Fuel llandling Operations
.-

- 1. Clean the DSC,if necessary, and Load it into the Transfer Cask

2. Fill the DSC with borated water and Transfer C..sk annulus with demineralized water

3. Install the inflatable Annulus Seal to seal the Catk:DSC armulus

4. Lift the Transfer Cask Containing the DSC inte the Spent 1:uel Pool

5. load the Fuelinto the DSC

6. Place the lop 1 cad Shield Plug on the DSC

7.1.ift t.- Transfer Cask Containing the Iilled DSC out of the Spent I uel Pool and Place it in the
~

Decon Pit.

S. Remove the annulus seal.

9. lower the water levelin the DSC transfer cask annulus to approximately 5 to 10 inches below the
top of the DSC shell.

10. lower the water lesel in the DSC to approximately 4 inches below bottom surface of the top shield
plug.

I1. Seal Weld the lop 1:nd Shield Plug onto the 'SC llody and perform NDI:.

12.1.sacuate and Dry the DSC

13.114ckfill the DSC with liehum .

( 14. Seal Weld Cours for the Drain and Vent Iine of the DSC ano perform NDl:

15. Place and Seal Weld the lop Cover Plate over the Shield Plug and perform NDI.

16. Install the Transfer Cask 1.id and lloit in Place

17. Decontaminate the Transfer Cask Surface

IS. Dram the water from the Cask DSC Annulus

19.1.ift the 1ransfer Cask onto the Transfer 1 railer and Lower it into the llorizontal Position

20. Tow the Transfer Trailer to the llSM

21i Remove the 115\1 Front Access Door

22. Align the Transfer Cask and the llSM

23. Remove the Transfer Cask Lid and 110ttom Access Pla'e

24. Push the DSC into the llSM Using the liydraulic Ram System

25. Retract flydraulie Ram Arm and reposition transfer cask

26. Replace the llSM Front Access Door and Tack Weld in Place

. f\
,f
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Talde 13. Primary Design Parameters for the 151'S1 Transport Sptems

Sy stem Parameters Value
'

Transfer Cask Nondnal Canty Diameter 65in.
Nominal Cavity length 168 in
Payload Capaeny (Maximum) 90,000 lbs.

Reference lleat Rating 15.5 kw (.66 assembly)
Shieldtny (Surf ace lhe) at 200 int hr aserage
Atial Midplane

Transfer Cast Movement 1iftable by Crane 200,000 lbs matimum.
Rotatable by Crane from lias rotation trunnions

Venical to llorizontal

1ransfer Cask lid Removable in lienzontal Position 5.400 lb.

Trailer and Skid 1 ruel 1 ransportable .

'lransfer Cask 1.id Must Protrude 15.25 cm (6 ina
Past 1:.nd of1 railer and Skid

Capacity (1ransfer Trailer; lo9,000kg (120 inm)

(1 ransfer Trailer Skidi 100.0%Lg (l10 ton 4

>/ \
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1,3- GENERAL SYSTEMS DESCRIPTIONS

The major systems, subsystems, and corr.ponents of the Oconee ISFSI are listed in Table 14 on
page 115.1he followmg subsections briefly describe the principal systems and components and their
operation.

i

1.3.1 SYSTEMS DESCRIPTIONS

1.3.1.1_ DSC Design

The MillON1S 24P DSC is shown in Figure 13-1 of the Topical Repon for the St|IlONtS 24P System
(Reference ? on page 121h The DSC is sired to hold twenty four irradiated pressurited water tractor
(PWRi fuel assembhes. The main component _of construction is a stainless steel cyhnder with a nominal
67 inch outside diameter. The nominal overall length is 167 inches excludmg grapple nny.

The components of the intemal basket of the DSC are defined in leble 14 on page 115 and are also [
shown on Figure IR of Reference 2 ou page 121. The basket is comprised of twenty four square cells
The structural component of the cells is type 304 stainless steel.

Structural support is provided by circular stainlesesteel spacer disks. 'lhe basket is designed so that there $

is one disk under each spacer rnd of the fuel _ assembly. lenptudinal support is provided by the four
. L support rods'wluch run the length of the DSC.

'

'

The DSC is equipped with two shielded end plugs so that when the canister is inside the transfer cast or
the horizontal storage module. the radiation dose at the end< it hmited and they are accessible for
handhng The end shield plugs are comtructed oflead surrourided by a steel body

The Dsc ha+ redundant seal welds at the top and bottom _The botmm cover plates are welded to the
DSC body dunny fabncation und the top cover plates atter fuel loading, Aho, all connections (drain and

-vent pons) will be redundantly Scaled Tids assures that.no single failure of the DSC end plates will ,

breach the DSC.1 urthermore, there are no credible accidents which wou.td breuh the main body of the
DSC

Criticabty safety during wet loading operations is assured by |} the design of the basket stmeture which
'

maintains a mimmum separation between fuel anemblies 2i technical specification procedures which
assure a minimum boron concentrauon in excets of 1810 ppm is maintained within the DSC storage
cavity' dunnp wet loading and unloadmp operatiom, and 3; procedures widch hmit the reactivity of fuel
ammbbes loaded into the DSC to an estabhshed maximum through ve::lication of initial enricianent and
exposure hinory.

1.3.1;2 Horizontal Storage Module

An isometric view of a unit of four ilS\1s is shown in Figure 131 A of Reference 2 cn page 121. The
- IISN1 is fabneated from reinforced concrete and structural steel which will be constructed in place at the
storage location. The thick concrete top, front. and sides of the llSN1 provide adequate neutron and
gamma shieldmg to achieve an average 20 mr.hr surface dose. Nominal closure door surface doses are less
than 100 mr hr. The transfer cask surface has an average dose rate of less than 200 mr hr for the locatiom

( where workers must perform loadmg ano unloadmp operations.

A
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O("j
Thick shield walls RO ft. thick) are provided on the outside walls of the modules at the end of the unit to
provide shielding on the sides Sufficient (2 0 h. thick) shieldmp between modules (to prevent scatter in
adjacent modules during loadmg and retneval)is provided by the interior module wallt

The llSM provides fuel cooling by a combination of radiation, conduction and convection. The air enters
at the bottom of the llSM and passes around the DSC and exits through the Dow channels in the top
shield slab. Ileat is conducted out of the DSC into the natural convection air Dow lleat is also radiated
from the DSC to the llSM walb where the natural convection air flow removes the heat. Figure 13 2 of
Reference 2 on page 121 shows the flow path and typical conditions The passise cochng system of the
llSM was designed to assure that peak claddtng temperatures are less than 340'C (644'l ) donnp long
term storage for aserage normal ambient temperatures of 70'f. He fuel can withstand shon temi
temperatures of up to 5"'O'C (1,055'F) dunnp operational and accidental tramients with no anticipated
adverse eflecto llowever, calculations show that temt eratures remain well below 570'C at tny time during
normal operatmn or any postulated accidem.

The llSMs are independent, passin sptcms fm the dry storage of irradiated fuel assembbes. Therefore,
the llSMs are designed to ensure that normal operaten and credib!c site hazards do not impair their
functon lo ilus end, the lisMs are designed to the following toadv

1. W.nd, and Tomado (includes missile) - Oconee i SAR. Chapter 3. " Design of Structures.
Components. I quipmem. and $9tems" on page 31

4 Seismie Oconee 1 SAR. Chapter a " Design of Structures. Components, I quipment, and Systems"
on page 3-1

1 Ilood - Oconee I SAR. Chapter 2. " Site Charactenstice on page 21

4. Snow and Ice ANSI A$$ l 1952

& Combmed I cad (dead weight, h !aads. temperaturci ACl 349.$5

The llSM, are placed in senice on a load beanns fom.dation.1:anh work is required to prepare the
storage site for a level foundation and access area.

1.3.1,3 Transfer Cask

The transfer cask used with the ISI SI prosides radiological shieldmg durmg the DSC drying operation
and durmg the transfer to tl.: ilSM Bo.h neutron iDisco NS 3, a cementatious matenal) ud gamma
(leadi shielding are incorporated mio the cask desigro f or the Oconee ISTSI. the transfer cask has a
nomtnal ISS in;h long internal cavity with a nominal 6h inch intemal diameter. Iigure 13-2A of
Reference 2 on page 121 shows the major components of the transfer cask

1.3.1.4 Transfer Trailer

The transfer trailer has a capacity of 120 tons. The transfer trailer cames the transfer cask skid and the
loaded transfer cask The transfer trailer is designed to ride as low to the ground as possible to minimize
the llSM height. I our hydraulic jacks are imorpcrated mio the transfer trailer design to provide venical
movement for alignmem of the cask and ilSM. The transfer trailer is pulled by a conventional tractor.
Figure 13 3 of Reference 2 on page 121 shows a typical transfer trailer arrangement. Also, as discussed
in Section 5.2.5 of Reference 2 on page 121, the design basis drop height for the NUllOMS 24p
Transfer cask is 50 inches. This analysis bounds the Oconee transpon conditiont The nominal travel
height of the transfer trailer deck is 41 inches which conesponds to a cask drop height of 59 inches.
Dunng transit from the fuel buildmg to the llSM site. the trailer deck will be automatically leveled by them

I h trailer's hydraube suspension units. The maximum design travel for these uruts can raise the trailer deck
d height to 52 inches. which corresponds to a drop heicht of 70 inchex Mechanical stops attached to each

1-12
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sumension unit cylindet ensure that the cask cannot be hhed to a height greater than 'l0 incher above the:

ground

1.3.1.5 Transfer Cask Skid

ne transfer cask skid is similar in design and operation to existing transport skidt The trJjor differences
Are;

1. No equipment interferes with access to the top of the transfer cask when iri hs horitental position.t

2. The skid is mounted on a smooth bearing surface and hydraube poxitinwr5 provide horizontal
alignment with the llSN1. A restraming bolt system b provided to prevent mosement during trailer
toOp-

3 He entire skid is moumed on a tr.uler

The above features are shown on Iigure 13 4 of Reference 2 on page 121

1.3.1.6 Horizontal Hydraulic Ram

He hoidontal hydraube ram is a hydraulie boom with a capacity of 80,000 lb. and a reach of 6.55m
f21.5 ftd The rau will be mounted on a separate tratler for tramportanon and will be mounted on a
surface supported inpod during the DSC pushing insertion or removal operation Figure 1.3 5 of
Reference 2 on paje 121 shows the hydraube ram

1.3.1.7 System Operation
O

\(V The primary operations (in sequence of occurrence) for the Oconee system are shown schematically in
l'igure 1J+ of Reference 2 on page 121 and are described below:

1 Transfer Cck Preraration Cask preparatwn includes taking smears of the cask interior to emure
that the DSC will remam radiologic lly clean These operations are done in the decontaminatioa area
imide the spent tuel pool area The operations are standard cask operations and have been previously
performed by Oconee personnel. Detailed procedures for these operatiom are described in Chapter 5.
" Storage System Operatiom" on page 51.

2. DSC Precaration The intemals and extemah of the canister are vertfied to be clean. This ensures
that the newly labncated canister will meet existmg Oconee specific criteria for placement in the spent
fuel pool

'

3. _ Placement of Dsc in Transfe. dad The empty DSC is inserted into the trant.fer eask. Proper
abgnment is assured through the use of abgnment marks on the cask and each DSC.

4 Itamfer Cask Iiftine and Placement in the Seent Fuel Pen) The DSC transfer cask annulus is filled
with clean demmeralued water The DSC casity is also filled with borated water from either the
spent fuel pool or an equivalent source of borated water. This prevents an inrush of pool water when
they are placed in the spent fuel pool. This will aho prevent contamination of the DSC outer surface
by the pool water. The DSC transfer cask annuhtr region is then sealed with an inflatable seal at the
top to prevent mixing. He waterefilled transfer cask with the DSC inside is then placed into the . spent
fuel pool.

5. DSC l eydme lweni> four spent fuel assemblies are placed into the DSC basket. This operation is
identical to existing Oconee spent fuel shipping cask loadmg operations. Rese assemblies will be

'

preselected to control reactivity and decay heat using the admuustrative controls on burnup, initial
/% ennchment, and decay ttme detailed in Section 10.2 5, "Admuustrative Corarols" on page 104.
f, }
%J

1-13 |

|

1.
1



- . . .- -

i
i

I

1.3 General Sptems Descriptions Oconee ISFS! Safety Analpis Report
,

i !

6. DSC Too Fnd Shield Plun Placement The DSC top end shield plug is placed inside the DSC using
the overhead crane with hft beam attached. De top end shield plug is suspended from the transfer
cask hft beam by cables and is e.nplaced as il . # .xam is re engaged to the transfer cask trunnions.

i

7. Tran& .CmLEftine out of the Pool The loaded transfer cask is lifted out of the spent fucl noc!
and placed in the decontammation pit 1M operation is identical to existing Oconee cask hftmg ;

operations.

ft D1C.Sralany The water level in the DSC transfer cask annulus is then lowered approximately 510
inches Swipes are taken over the DSC exierior at the DSC upper surface and around the
circumference. The water Inel in the DSC is lonred away from the inside surface of the top end
shield plug. Then a real weld is appbed to the outer surface of the top end shield plug. This provides
the prunary seal for the DSC.

9. laryfer Cask Ds0 Dning - A pressure lme is connected to the DSC and the water inside the
canister is forced out by hebum pressure. The water, which is removed from the transfer cask and the
DSC is retumed to the spent fuel pool or routed to the Oconee radioactive waste processing
equipmem. The. pressure hne is then used to dro a vacuum to facibiate drying until the water
content meets the design enteria

10. ljrhum Filhne In order to ensure that no fuel and or cladding oxidetion oceurs during s'orage, the
DSC n fdled with behum (lle) 1o accomphsh this, a portable behum gas bottle is connected

The DSC is then fdled with lie pas After the DSC is fdled with the men ga, the filhng line is
removed and the DSC pons are plugged and welded closed.

11. Einal Dsc Staline The top cover plate is positioned and seal welded This provides a redundert

(N seal at the upper end of the DSC The lower end aho has redundant seal welds. which were provided

d and tested dunng fabrication. This operation provides the double seal integnt) of the DSC.

12. Hansfer ]_giter I cadan.I - After helium filhng and seal welding. the transfer cask lid is positioned and
_

bohed in place. The transfer cask is then htted onto the transfer cask skid mounted on the transfer
* railer and secured.

13. Transfer Once loaded and secured. the transfer trailer is towed to the llSN1 This movement takes
place completel) withm the Oconee plant site and owner controlled arta.

14. Transfer Cask lis\1 Preriaration - At the Oconee ISFSI the transfer trailer is backed into position
and the llSN1 front access cover is raised and removed Next. the transfer cask lid is removed. An
optical alignment system and the hydraube skid positioners are used for the fmal abgnment of the
transfer cask and llSNI.

15. IlS\1lcadine After fmal r mment the bottom cover plate on the transfer casi is removed, and the
DSC is then pushed into tr ,SN1 by the hydraulie ram.

16. Storace After the DSC is positioned inside the liSN1, the hydraube ram is released from the DSC
and retracted The transfer trailer is pulled away and the llSN1 front access door is closed and tack
welded The DSC is now in storage within the llSN1

17 Retrieval - For retneval, the llSNt access door is raised and removed and the transfer cask is
positioned as prev;;usly described ar.d the hydraulic ram is used to pull the DSC into the transfer
cask. All couphne attachment, alignment, and closure operations are done in the same marmer as
previously described, but in reverse order. Once back in the transfer cask. the DSC and its cargo of
canistered irradiated fuel assembbes are ready for shipmem to a permanent repository or other storage
location. Provisions will be made to retum the DSC to the Oconee spent fuel poolif necessary,

v
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1.3.2 TABLES

14 (Page 1 of 2b Major Sptems. Sutsptems and Components of the bn nty 151'SITable

Dry FloraFe Canister

DSC Ilasket

Guide Sleeves (24)

Spacer Disks th) ,

Suppon Rods (4)

DSC Shell

!Shielded End Plugs (Top md liotiom)

Cover Plates (Top ana liottom)

Drain and 1 ill Pons

Grapple Ring

llorizontal Storage Module

Reinforced Concrete Walls, Roof. and ll uinat

DSC Structural Steel Support Assembly

r~'s DSC Seismic Retainer
! !

s_/ Cask Docking Flange and Tie-Down Restr. tints

llcat Shield

Shielded I ront Access Door

Ventilation Air Openings tone Inlet, Two Outletn

Shielded Ventilation Air inlet Plenum

Ventilation Air Outlet Shic! ding Illocks

Transfer Cask

Cask Structural Shell Assembly

llolted Top ilead Assembly

Cask Lifting Trunnions

Icad Gamma Shieldmp

Neutron Shield Assembly

Ram Access Penetration Cmer Plate

Transfer T railer

11eavy Industrial-Grade Tndler

Cask Support Skid

Skid Pmitionim and Ahtmment System~x
/ \
N_)

4
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(V) |
1

TaNe 14 (Page 2 of 2p. Slajor Splems, Sutnystems and Components of the Omnce ISI'SI |

|liydraulic Ram System

Ilydraulie Cyhnder and Suppons

flydrau'ac System

Grapple Assembly

O

f
-|
t
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Oconn 1%| hl haftl) Analpis itsput I A 14rntifiution of Ageritt knd Cavitiatitn

\

I.4 IDENTIFICATION OF AGENTS AND CONTRAdTTRS
~

|

The prtme contractor for desicn and analpii of the Osoner th! 51i: l'anfic Nutirar i url 5pterns, Inc. of
San Jow. Cahfonaa IlhN1 (onstruction is the responsibtht) of ;ht I) ult onute constructiof. orprtitauon
I abfMil10n of ttansIrf equip!Tiffit Erld I)hfb th Alto thr ft'%fDr'ilb1ht) of I'ahfic Nullraf I url 5)$1rrnk,
Inc

!

l'
(

O
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1.5 . f atnial Innept afni tr) Refnemy%Onmit thl'hl Saftt,i Analpis Repert

O
1.5 MATERIAL INCORPORATED BY REFERENCE

1he lencal Krpon for the Nutnh llorizontal N1odular Stetarr (NrilON1N 24Pi Sptern for irradiated
Sutlear i uel, enrinally $ubmitted to the Nuclear Rrrulatory Cornrnisuori by Nutc6h 1 rtrinects, Inc.
(now Pacifh Nuclear i utl Spterm Inc ) on i ebruary 06 IVM and arncnded in July 1989 is herchy
incorporated into this %AR by referen(c
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1.6 REFERENCES

' "' Sta' ion. Independent spent l~uct storage lon s cion,
i nYt oNi , t[ife),'n*f' "*'"

N"' led''

210P cal Repon for the Nutech florvontal lodular StoraF (Nt-||og s . %1rn) (tit Irradiatedi \

Nudcar i uc). Nt'll.002. Reviuon J A. July 1989
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O
CHAPTER 2. SITE CHARACTERISTICS
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2.1 Gmgia@) and Dmagra@yOconee 14thi Safety Analpin McFat -

(]~~S

2.1 GEOGRAPHY AND DEMOGRAPHY-

2.1.1 SITE LOCATION

The Independent $ pent l'uct Storare inoallation (1st SI)is located on the Oconee Nuclear Station Plant
ute.1he site is located in Oconre Count). South Carohna, approximately 6 miles northeast of Seneca,'

i

South Carehna at lat tude .14'*4%3h 2' N and lonptude h2*.53.$$# W4 late Keower is located to the
r onh and west of the site. 'lhe Corps of 1:npneers' llanucll Reserwir is south of the site and Duke's
take Jocance lies approtirnately 11 miles to the nonh. l'ipure 21 on page 2 9 (based on Iirure 21 on

;

page 213 of Oconer l' halo shows the site location with respe(1 to neighbonnp states and counties
'

within $0 milco
i

2.1.2 SITE DESCRIPTION !

'

Iigure 2 2 on page 21D (based on Iiyure 2 4 on pape 2 It> of 060ner I SAR) shows the site, propen)i-line, cAclusion arcai site structures and reneral featutes of tht area. l'ipure 2 3 on page 211 is a detailed
|showing the Isl $1 location-in relation to major site features. 'there are no industrial, Isite la>out

commercial. mstitutional or recreational structures within the site boundary. A viutors center and the
Keowre flydrocketric Station, both owned by Duke, are located within i mile of station centeri Duke
does not own the vacated Old Pukens Chuish and Cemetery. a smalb histonc propen) located cast of the

|
station which a not currently being mxd.

The topography immediately surrounding the ISI hl (Iirure 2.1 on pape 211 ) romists of relatively flat
j

Routinetenain whwh 1.as been graned or graveled mer and is routine!> maintained b> the station. '

rnaintenance of the imme& ate wie vinnity auutes that erosion will be minirnal and that fire harards due
to buming stretation are aho minimited

.

' 2.1.2.1 Legal Responsibilities for Site r

All the propeny within the 1 mile radius e selusion area imiuding mineral nphis is owned by Duke except,

for the small votant rural church plot belonging to Old Pickens Chutch, nghts of way for existing;

-

;

highwsys and appros.imately 9.5 acres of U. S. Govemment property imolved with llanwell Hetervoir.,

The llanwell property is either a ponion of the llanwell Reservoir or subject to flooding and not mitable
for other uses. Duke has obtamed from the owners of the church plot and from the United Statr$ the
npht to restnet activities on these properties and to nacuate them of all persom at any time without prior

,

; notice if, in its opinion, such evacuation is necenary or desirabic in the interest of pubbe health and
[

safety.
i

The propen) which is withm the exclusion area and which is not ouned by Duke is shown on FiFure 2 2
,

on page 210,

2.1.2.2 Other Acilvities Within the Site Bounciary

Duke Power Company owm and operates the Oconee Nuclear Station and the Keowre llydroelectne
.htation. The 1%I'51 is located withm the owner controlled area of the nuclear plant. ISFSI operations have
been considered for imparis upon th. Oconec station's faciht) operating hectnet. Duke submitted a
request, pursuant to 10Cl R Pan 50. to amend these licenses for the three Oconer Units to permit l> uke
to operate the 151 $1 This amendment request concludes that with cenain minor moddicatiom all aspects|

L 1

r-
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2.1 Gwgraph) and Demograiai3 Onant INI $1 hafrl) Analpis Hepet

l(V
of ISI Si operation wlush are conducted within the c AntinF Oionce station can be conducted Safel) while
incettny the entena for a "no sipuficant hatards" fmdtny

All ISI Si operatiota are perfortned by the existing Oconee workforce Ordy the transfer equiprnent used |

for the storare Sptem is deduated esclusnely to ISI Si operations No iminidual or poup is dedic-ated |

csclusiscl> to the ISI SI Operational control of the ISI Sl includes pteudare: for the spent fuel pool |
'

loadtnp steps and the subsequent transfer to the ISI St. All prosedural Steps necessary for pcparmy the
DSC transfer task for tramport from the fuel buddmp to the 1%) Si are complcted At this point other I

proadurci for trarnport of the DSC trarafer task and etnplacement of the DSC into an 11S51 arr used i

ISI $1 operatiom required the followmr fuel buildmp ruodtheatiara

1 I rdargmp the opening of the 6ask dnontammation pit covers

2 Shortenmp the projecuen from the spent fuel pool wall of the toohng sptem intale pipr This is
needed to prmido cleararne for the tramict rask in the spent fuel pool casi pit.

.1 The adJition of a nuerodrne to the fuel crane positiorung rptem to aid in the prenuon placement of
the transfer wt-

'lhe following auxihary equipment is und exclusnely for DSC tramfer cast operatiern within the fuel
buildmp-

1. Irarnier ret hit yote and estemion nr mber

2 Yacuum drying cqmpment

] 3 Automauc welding equipment

[U 4 Shnps for the trarnier cask bd

$ Cask pit deptchion platform.

Addmonal dewnption of the 1%I si and i url IludJmp >ptems and facihty is stuluded in Section 4 4
"Operatmp Splena" on pqe 4 21

Other nont ant related actn1 ties are hmoed to the highwap through the i scluunn Area. Duke's Vaitorsl
Cenier, recreation on the lakrs. and the Old Pictem Church and Cemetery which are hatencal hmomarks
and will not be used for regular sernes

2,1,2.3 Arrangements for Traffic ContNl

Arrangements base been made with the South Carchna State lhghway Department to control and hmit
trafi'ic on pubhc highwap in the 1.xcluuan Area should it become necessary in the interest of public
health and safety.

2.1.3 POPULATION DISTRIBUTION AND TRENDS

The population datnbuiion is b,ned on the 1970 census 'lable 21 on page 2 7 gives the population
datribution w1 thin 10 miles of Oconee. The majonty of utitem in'e in the aties of Walhala, Seneca,
Clemson and Central. S C 'Ihe area is largely rural and sparsely NTulated The populatmn projectiom
for the 0 50 mdo detnbution around Oconec is pren for par 2020 in lable 2 2 on page 24 Thn,e
projections are based on the 19ho ermus The population within the 10 mile radms is projected to
approximatel3 double by the year 2020 with no indniduls jwrmanently reudmp withm the I mde radiusr

I of Oconee.; (
,

i

:
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Onww 1%)'SI Safety Analph Hepwl 2.1 Gangra@3 and lkenography
_

[
L 2.1.3.1 Transient Populallon

it is expected that late Keower s 300 rnile shorchne will be fully developed by the early 1990 5 at which
time the esttmated traraient population will be 36.000. 'Ihis niunate is based on dnelopment of lakeside
lots, pubhc accru areas. and expanded commercial actmties to take adsantage of expsnded recreational
opponutatin. There will a t be any cottagn within the i uluuon Ana

The vinters center located on l> uke Property just nonL of the plant and mthin the l'ulusion Area, was
host to $10.000 people dunny its first 2$ months of operatwn

'lhere are no large industnn within 5 miln of the rate therefore no moustnal trannents

2.1.4 USES OF NEARBY LAND AND WATERS

Residential dnelopment of late Krowee's shorchne is espected to be the rnajor use of the neasby land
Commercial developrnent is anticipated to increase m rnporne to the rendential dnelcoment. 'lhe waters <

of lake Keower are used for fishing. boatmp and swimtmnp by the pubhc through vanous pubhc and
parate tccreatonal areas

'lhe following docnption of land use and lotabrd populatiom in Putern and Oconee Countin in the
10-mile ! P/ of the Oconee Nu6 lear Station n based on the Ronce Nuilcar Station 1.mergency Plan as
of Aurust 1,196

j'KIndet!n11 hn wahm the 10 mile | P/ of the Oconee Nuclear Station. Invohed are approximatelyL

O 1510x square iniln of county temtory and approumatel3 30.000 people Aho meluded are approximately
304 dairy cattle. In rnilt produemy goatt 241 head of swme. 2.43k head of beef cattle and 15 head of\

rnea1.produ mg reats

Aho, mvohed m the 10 nnle i P/ are approumately 256 actn of sepetabin. 47 acto of applet and a
large numbcr of re adential vtpetable gardem

'lhis arer has approumately 1.297 acrn of hay crops and 4Mu acto of pasture gran

A large ponion of Osence Counn hn withm the 10 mile l'P/ of the Oconte Nuclear Station. Included
in thu mne are approun.ately 165 46 square nulo of land and approximately 26 000 people, with the
larynt concentration in Seneca, Oconer County's 654 square miln are divided iMo 22,665 actn of
cropland. 2k3A05 acto of woodlands and approumately 12',333 actn that fall into a general category of
'all other" lhere are a total of 13 d.unn in the 10 mde i P4

The largot ponion of land is devoted to crops such as soybeans, cotton. hay, wheat, small grain, and
com, appin, forntry, pouhr), beef or dairymr

Production of meat, agneuhural crops and milk for the 5-mile radius of Oconee Nuclear Station for 1%0
was as follow r

meat = lis, tons

crops = 310 tons

mdk * h6300 gallons

f Tius data has nat significantly changed unce it became available in 1950

(
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2.1 GwyragA) and Denngraph3 Oncee 1st'SI Safel) Analpis Rep >i1
N

\
There are two whools located within the tmile radius: Six Mile llementary School + $22 students, and
Keowee 1:lernentary school . 299 uudents. l uo special carr institutions are located within the 5 inile l

'

radius' llanry's love and Carelleme and Six Mile Retirement Centes nuning homes have a total of 60
patiellts. l

1

,
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Onew ISI'SI Safety Analpls Reput 2.1 Gavraphy and Dem4raphy

O
2.1.5 TABLES

T abic 2 1,1970 l'opulation I)istribution b.10.%liin

0-1 12 23 3-4 4-5 5-10 i

Sector .%1ile Sliin Aliin .%liin Sliin Stiles - Total

N O O O O O 40 40

NNi~ 0 0 0 3A 22 f.0 120

N1: ') 0 0 11$ 235 2.000 2.350

1:N I '. 0 22 3h 10$ 112 651 961

l' O O O 140 417 67" 1,227

1 51 0 0 51 70 131 1,326 1,$7h

$1 0 0 80 6 70 h a72 8,628

5%I 0 0 0 0 45 7,792 7,h37

$ 0 19 24 6 140 2.027 2.221

$NW 0 6 0 0 112 7,000 7,11 h

SW 0 19 0 12s 16f. 53h 551

WSW 0 13 h9 lhl 35 1,102 1All

W 0 0 1$0 34 102 IA19 1,709

WNW 0 3 22 51 26 1.456 1,558

NW 0 0 0 13 32 920 965

NNW 0 3 3 13 16 hhl 916

~101.\ 1 6 h5 453 407 1.661 3b.3t4 39.490

|
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T hete ISI SI Safri) Analysis Heport 2.2 Nearb) Ind.,1ransp., and Militar) l'ae,
p

U .

!
,

2.2 NEARBY INDUSTRIAL, TRANSPORTATION, AND MILITARY
FACILITIES :

;

2.2.1 INDUSTRIAL AND MILITARY FACILITIES ;

i

1here at no I, re industnal or ruihtary facihties or actmties within $ trules of Oconee No other nucleat
facihties itMudinF unnersity research reactor > are presently located within a $0-rnile radius of Oconer
Nuclear $tation. ;

2.2.2 TRANSPORTATION ROUTES |

l'irure 2 2 on page 210 shows the major tramponation routes within 1 mile of Oconer. 'lhete are no
oil or rai pipchnen within $ miles of the f.ite. The nearest railroad hne or spur is located at Newry, $C

~ hich is outside the $ mile radius from the plant.w ,
.

1he nearest airpon is the Clemson.Oconee Attpon located approximately 9 miles to the South of the
_ plant. The runway is oriented i NI: W$W. Palem County Airpon is located approtiraately 10 miles to
the cast of Ocorce Nuclear Station. The runway is onented in a NI AW dirretmn. Anderson County
Airport is located approximately 23 rniles N%I' of the plant. It has tan runwap onerned as follows: ;

Si SW and NNW S$1 The oriemation of the NNW $st runway is not in a Mraight line toward ,

rN Oconee Nuclear Station = 1he above mformation is beed on the " Atlanta hectional Aeronautical C*.;.n

-( Scale 1:500S00" Mth Edition, September 25.19hti. pubbihed by the U.S. I)cpanment of Commerce. No
structures which could cause damage as described in iter Guide 3 4h. para 2.2 are located near the plant.

2.2.2.1 Descripilon of Products and Malertals

lhe highway > passinF through the i mile radius esclusion area ate SC lloutes 130 and 163 which carry
local trame onl> with infrequent trucking of harardous chemicah and explosives $ince the general area is
nonindustri.il.

'

Only small amounts of chlonne are stored on site since chlorine is not used for condenser cleaninF at
Oconee. No indnidual contair.er contains rnore than l$0 lbs. of chlorine.1he chlonne is used for drinking
water punfication and waste treatment, with three to fn'e l$0 lb, containers typically being in use.1he .
maximum total number of containers on hand at an> time is approximately ten.

k

7

O
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Onww ISI'St Safel) Analpls Regwt 2.3 Metectoke

t )
%/

2.3 METEOROLOGY

2.3.1 REGIONN, CLlMATOLOGY

Western South Q"u'i a it ' outh of major storm tracks but expeticaces idpher precipitation amounts
than the cast cow, w L A- h stion in the lee of the Appalachian Mountaim A semi pennanent belt of ,

high preuure uwA ud i we$ the- regional chmate. Dunng the fall season, the area has a idpJi |
'

probabiht) of esptrwe,< yuorphene stagnation durmt which the dilution rate for effluents is low due
to low wind speah

'Ihe Oconec p'..ust */, n tiwatal on Iake Keower which was established to prmide coohnp for the three
existing Oconee M Wif e, w.iu and future steam generating units as well as storage for Jocassee (pumped
slotard and Weswu IccruerAiunal) hydroelectnc statiom.1he topograph) in the sicinity of the site is
moderately tc&g xd the kual air flow is in'luenced to some extent by the contour of the lake. The
prevaihng wint ute ddhi between the southwest and imnheast quadrant, due to the lake orientation ,

t

and large scalgtt nur deett,
:

A complete A%ttp10h olttgional and local wind data. including nonnal and eureme parameten can be !

found in heumn 2J uf the I HAIL
F

2.3.2 LOCAL. METEOROLOGY |W- .

t !
2.3.2.1- Data Sources'

The accident analpirrurteorological data base. discuned in the Oconer M R Section 3.2 4 Units 2 and 3, ,

is for the peria) March 15,1970 March 14,1972. Joint frequency tables of wind direction, wind speed
and atmosphme tabili:y arr shown in 1able 2 3 on page 2 ik

2.3.2.2 Topolpmphy
,

l'igure 2 4 $n paFe 2 2J shown the detailed topography within 5 miles of the storage site.
W

h

2.3.3 ONSITE METEOROLOGICAL MEASUREMENT PROORAM

Meteorologieni mrtmrements include wind direction and speed, borizontal wind direction iluctuation,
temperature, vertic4J temperature gradient, and rain'all. The relative position of instruments with respect

,

to station yard is noted in l'igure 2 5 on page 2 25. Relatise elevations of both surface levels and
r

instrumect levels are depicted in Iigure 2 6 on page 2 26. ir
,

Wind meaurements are made with the Packard llell Model W $ 1d111 Erief wind direction speed sptem
with starting irnholds of 0 7 and 0.6 miles per hour for direction and speed, respectively. Wmd direction

-

and speed are recorded in the comrol room on listerbne Angus Model A 601 C strip chart recorders with
a spierr, accuracy of i 5 4 degrees for direction and d 0 45 miles per hour for speed. Temperature and
deha temperature measurernents are madc with the Iceds and Nonhrup fi100 Series 100 ohm resistance
temperature desice with Packard Ilell Model 327 thennal radiation shields, lemperature and delta
tempermure are recorded on the Iceds and Nonhrup Speedomas W recorder with a system accuracy of i

- O l'l for temperature (at 10 m level) and 0.5'li for deha temperature (46 m lesel referenced to the 10 m
'

(/ leveh. For data pnot to 1 ebruary 24,1977, delta temperature was measured at the 46 m level and the 1.5 ,

,

1
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Onww 1%I'SI hafel) Analpis Regnetp 2.3 Slescorology

Rairtfall is measuted near the meteorolog cal tower with the llelfort Weighing Rain Gaugej
m lesel
Model $ 7b0 with an accuracy of i 0 03 in. and 2 0 06 in. for reto to fise and five to ten imb totals
respectn ely.

Operational measurements consist of near real time diptal outputs in addition to the previously desenbed
analog sptem. An entitel> new set of instrumentation has been installed includtng the measurernent of
dew point (at 10 rn letc)); a suppletnental low level wtud sptern (at 10 m lesell prosides input for
emergency dose anenment (see l'ipute 2 $ on page 2 25 and f igure 2 6 on page 2 26). The rain paure i

has been relocated near the supplemental wind sptem

instrument specifications for operational measurernents are'

l. Wmd Dtrrnic0
m. Manufacturer Teledyne Geotech

b lime averaped diptal accurar) : 3' of azimuth

t lime . aseraged analog accuracy 6' of uimuth

d. Staning threshold 0.3 m see at 10' irutial deflection
+

c. Damping ratio 0 4 at 10* tnitial deflection
,

f. Datance constant 1.1 m

2. Wmd %gt)

a. Manufacturer 1eledyne Geotech

! b. lime metaped diptal accuracy 1 0 27 m see for speeds less than 27 rn sec

1 c. lime aseraged analog accuraq 10.40 m sec for >predt less than 27 m see
t

i d. Starting threshold 0.15 m see

c. Distance constant 1.5 m

3,1cmtr.ra m

a. Manufacturer Teledyne Grotech

b. Time aseraged diptal accuracy :t 0.3' C

1 c. lime . averaged analog accuracy : 0 $'C

4, Delta lempentutt

a. Manufacturer Tcledyne Geotech

b. Time , averaged diptal accuracy 1 0 IU CQi >1 i

1 c. 'Isme averaged analog accuracy 1015'C

5. Dew-Poi itt

n. Manufacturer General I: astern

b. Time averaped digital accuracy : 0 4'C

1 c. Time averaged analog accuracy I 0.6*C

6. Precioitation

-
-

-a. Manufacturer Teledyne Grotech

RIX: (30 JtNI: 1991)
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Otome Isl $1 hafel) Analpis Mcpat 2.3 Metimdog)

b. Diptal accuracy 1 f.*. of total accumulation at 15 cm hr

1 c. Analor accuracy 9', of total accumulation at 15 cm hr
,

d Re dution 0 25 mm

Near reabttme diptal output; of inettoroloptal rnrasurernents are turnmarved for end to. cod 15 min.
periods for ute m a near real time putbadsention rnodel to cahulate oflute dow dont'F potential
radiolop6x1 crnerrencin 1he Operator Aid Computer (OAC) $35 tern cornputn ' t 15 mm= quantitin

.

from a sarnphnt ntegral of 60 nc It calculates 15 min. averare valun for high % ) suppleinental lowi
In ti wind direcuon and speed.15 nun averarn are also calculated for delta ternpeature, arnbirnt
trinperature and dew point temperature lotal water equisalence is computed for prreipitation. All 15
min salun arc Stored with a 24 hr recall. Pennanent archittrip of data from the diptal sptem is made
by combardny the 15 mm quantitin into one hour ialun i

2.3.4 DIFFUSION ESTIMATES
,

2.3.4.1 Dasle

lhe design two hour N Q at the i ulusion Arta lloundary il Alli for accidental releases is 4.51 +4
hec inh

2.3.4.2 Calcuintions

'ib 6.aruianon of a two hour X Q value to estimate radiological dosn from potential accidental releaso
O from the storare ute ther iigure 1 1 on pap l 4) is bawd on a plant deurn condition of l'asqudl lype

i stabdn> with a uind spred of im we as proposed in the Oconer hafet) 13aluation Report, hection
3 2 4. I' nits 2 and 3.1he equis. dent deurn conditian [95 percentde hourly astrarr X Q] for the lhi 51 is
a Pasquill l y pe i stabdii) with a wind $perd of 0 65 m sec. 'lhe c/ ulation assumn a paussian matrrial
datnbution from a ytound inct relr.or with nsentially a point source prometry.

X/Q = [L n c c,] ' = 51 - 4iste rnY
3

mean wir d speed at 10 m a 0 65(m sec)Where U =

crosswind concentration dMnbmion standard deviation - 57 me, (10 mia e

sertical concentration dntribution standard deviation = 19 mc,(1S mia =

hlade. D || (edE1 196h Metrorolors and Atomic linerrs 196s, IlD 24190. National Technical*

Information $rruce, Spnnpfield. Va

p

RI:V: (30 Jt'NI' 1991) 2-17
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2.4 HYDROLOGIC ENGINEERING - '

a

2.4.1 HYDROLOGIC DESCRIPTION

2A.1.1 -Site and Facilities

The location and description of Oconee presented in Chapters 1 and 2 include reference to fi ures showingF

the general arrangement, layout and relevant elevations of the station. Station yard grade is 796 ft mean j

sea level (msll. The mezzanine Door elevation in the Turbine, Auxihary, and Service lluildmgs is 796.5 ft.
'(mst). Exterior accesses to these buildmps are at elevation 796.5 ft. (mslj.

All of the man made dikes and dams forming the Keowee Reservoir r. - > an elevation of 815 ft. msl
includtnF the mtake channel dike. The crest of the submerged weit in the intake canal is at elevation 770

'

- ft. msl.

F4 comp at the ISI $1 will not occur. Figure 2 2 on page 210 shows the location of the ISFSI at the
Oconee sit'e and Figure 211 on page 2 60 shows the relative location and topography of the ISFS) yard -
at Flevation $25 0 and the surrounding terrain features, includinF the Keowee dam and dikes. The
Probable Maximum Flood level for 12ke Keowee. as defmed in Section 2 4.2.2, " Flood ' Design
Consideration" on page 2 25,is Elevation S05,0. which is seventeen feet below the ISFSI site yard level of

,
,

Elevation S210. Al o the peak flood level due to a postulated failure of the upstre.un Jocassce Dam is
Elevation bl3.12ias discussed m Section 2 4.5.lf" Flood Protection Measures for Oconee Station Seismic

IC)_ Clasi 1 Structures" on page 2-31. Thus, since all of the man made dams and dtkes fannmg Lake Keowie
'

are constructed to an elevation of 515.0 and since the ISFSI site elevation of 525 0is above the maximum
lake level which can be maintained, there is no potential for1he reservoir level reaching the ISFSI site by
osertopping, Therefore. floodmg of the ISFSI will not occur.

The.lSFS1 yard is surrounded b> drainage intercept ditches s. zed to prevent local overland flow from
reaching the ISFS1 site. In addition, stormwater drainaFe is provided in the paved areas of the ISFSI site.

Therefore, flooding of the ISFSI site cannot occur either due to reservoir overflow or local intense
precipitation.

2A.1.2 Hydrospheres

,The main hydrologic features influencing the Oconee plant site are the Jocassee and Keowee Reservoirs.
12ke Jocassee was created in 1973 with the construction of the Jocassee Dam on the Keowce River. The
lake provides pump storage capacity to the reversible turbine-generators of the Jocassee llydroelectric
Station, located approximately 11 nules north of the plant. At full pond; elevation 1110 ft, mst,12ke
Jocassee has a surface area of 7565 Ac a shoreline of approximately 75 mi, a volume of 1.160,298 Ac-ft.,
and e ictd drainage area of about 148 sq mi.

,

lake Keowee was created in 19h .4th the construction of the Keowee Dam on the Keowee River and
the Little Riser Dam on the 1.ittle River, h3 rdmary purpose is to provide coolinF water for the plant
and water to tum the turbines of the Keowee llydrochnic Station: At full pond, elevation 800 ft. msl.
lake Keowee has a surface area of 15.372 Ac, a shorelme of ap mimately 300 mi, a volume of 955,556
Ac.ft., and a total drainage area of about 439 sq mi. The Jocassee ad Keowee Reservoirs and the

f hydroelectric stations located at these reservoirs are owned and operated by Duke.

x
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'the area presently provides for a few raw water users. The City of Greenville,and the Town of Seneca
take their raw water supplies from take Keowee. 'ihe lown of Anderson, the lown of Clemson, the
lown of Pendleton. Clemson t'niversity, and several industrial plants take their raw water supphes from

llartwell Reservoir. downstream of lake Keower.

Greenville's raw water intake is located approximately 2 miles north of the plant on lake Keowee.
Seneca's rau water intake is located approumately 7 miles south of the plant on the little Riser Arm of
lake Keowee. Anderson rau water intake is located approumately 40 river miles downstream of the

1 Keowee taihane.

1 The custing raw water intakes for Greenville. Seneca, and Anderson are shown and located relative to the

I site on l'igure 2 4.1 in the lhi S1 I nvironmental Report

2.4.2 FLOODS

2.4.2.1 Flood History
4-

Since Oconee is located near the ndgeline between the Keower and 1.ittle River vallep. or more than 100
ft. above the inaumum hnown flood in either salley, the records ut p. ;t Goods ar, not directly appbcable
to sitmp considerations.

2.4.2.2 Flood Design Consideration

> .

In accord. . with sound engneennp practice records of past flot ds as well as meteorological records and
statistical procedures have been apphed in studies of flaods routed through the Keowee and Jocassee
Resenous as a basn for spillway and treeboard design

The spillway capacities for lake Keowee and locawee were selected in accordance with the empincal
expression for design dmharge

Q=C sDA

peak discharge in ctsWhere Q =

dramace area in square miles ;DA =

5000. a runot! constant judged to be characi.enstic of the draunage areaC =

The following tabulation pses pertment data on this design flood flow.

1

%
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,

i
\ )~'

l.ake Ecowie"' l.ake Jocassee

439 14S Drainage area at damsite, sq mi

25,200 21,000 Maximum recorded flow at nearby l'SGS gsges,
cfs D A

(Newry Gage D A 455 (Jocassee Gage, D A
sq mi) 14h sq mi

b 13 40 10-4 M Date of maximum flow

1939 1961 1950-1965 l'eriod of record

105,000 61.000 Spillway design discharge, ch

500 1,110 full l'ond elevation

bl5 1,125 Crest of dam elevation

0 0 Surcha ge on full pond for design discharge

4 2 Number of spillway gates

3h ft. x 35 ft 40 ft x 32 ft. Site of spillway gates Discharp- capacity, cis

107.200 45'700 Spillway

- 16 500 (2 uruts Dependable flood flow of 4) through
units

-/ ] lotal discharge capacity, cfs
'

d 105,200 62,2W

Note: "'Little River and Keowee River Arm >

The above discharge capacities assume no surcharge above normal full pond level Statistical analyses have
shown design reservoir mflows for both take Keowee and lake Jocassee equal to respective design
diwharge capacities outhned abos e to has e recurrence intervals less frequent than once in 10,000 years,

_

The maximum wase height and wave run up have been calculated fot 1.ake Keowee and lake Jocassee by
the Sserdrup-Munk formulae. The results of these calculanons are as follow s:

he iklght - he Run-l'p Maximum Fetch 1.ake

3?0 ft. 7.85 ft, h miles Keowee (Keowee River Arm)
3.02 ft 6 42 ft 4 miles Jocassee

3.02 ft 6.42 ft. 4 miles Keowee (l.ittle River Ann)

The wave height and wave run up figures are vertical measurements above full pond elevations as
tabulated above,

Studies were also made to evaluate effects on reservoirs and spillways of maximum hypothetical
precipitation occurring over the entire respective drainage areas. This rainfall was estimated to be 26.6
inches within a 4h hour period 1: nit hydrographs were prepared based on a distribution in time of the
storms of October 4 6,19M, for Jocassee and August 1.tl5,1940, for Keowee. Resuhs are summarized
as follow s:

e,c3i

i
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Keowce Jocassee

147.800 70.500 Maumum spillway discharge, cfs

80s0 1114.6 Madmum reservoir elevation

7.0 ft. 10 4 ft. I reeboard below top of dam

While spillway capacities at Keowee and Joeassee have been designed to pass the design flood with no
surcharge on full pona, the d.uns and other hydraube structures have been designed with adequate
freeboard and r,tructural safety factors to safely accommodate the effects of manmum hypothetical
precipitation. llecauw of the time-lag charactenstics of the runoff hydrograph after a stonn, it is not
considered credible that the mairnum rewrvoir elesation due to ma6 mum hypothetical precipitation
would occur simultaneously with wmds causing manmum wase heights and run ups.

5

n The manmum Keowee tailwater level dunny hydro operatioa has been cakuiated to be elevation 672 0 ft

(mstL which is 124 ft. below the nuclear station >ard elevation 796 o it (mst) and 153 ft. below the ISI'S!'"

. yard elevation of 525 ft. (ms1;

\ 'Ihe manmum discharge calculated. due to h>dro operating. is expected be 19.800 cfs The minimum
discharge calculated with no units operating,is expected to be 30 ch

in summary. the abme results of flood studies show titat I ates keowee and Jocessee are designed with
adequate margins to comain and control tbods which pose no risk to the ISI Si sm

g 2.4.3 PROBABLE MAXIMUM FLOOD ON STREAMS AND RIVERS

2.4.3.1 Probable Maximum Precipitation

See Section 2 4 2 2. " Flood Design Consideration" on page 2 25
E

2.4.3.2 Runoff and Stream Course Models

See Section 2.4.2.2. " Flood Design Consideration" on page 2 2h

2.4.3.3 Probable Maximum Flood Flow

See Section 2 4.2.0. "I'lood Design Consideration" on page 2 2h.-

L

2.4.3.4 Coincident Wind Wave Activity

See Section 2 4.2.2. " Flood Design Consideration" on page 2-25,

2.4.4 POTENTIAL DAM FAILURES, SEISMICALLY INDUCED

Duke has designed the Keowee Dam.1.ittle River Dam. Jocassee Dam. Oconee intake Canal Dike, and
the latake Canal Submerged Weir based on sound Civil Engineermg methods and enteria. These designs
have been reviewed by a board of consultants and reviewed and approved by the Federal Energy-

Regulatory Commnsion in accordance with the beense issued by that agency. The Keowee Dam. Little
River Dam. Jocassee Dam, intake Canal Dike. and the Intake Canal Submerged Weir have dso been

9 designed to have an adequate factor of safety under the same conditions of seismic loadmg as used for
design of Oconee,

2 30
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The construction, maintenance, and inspection of the dams are consistent with their functions as major
'

hydro projects. The safety of such structures is the major objective of Duke's designers and builders, with
or without the presence of the nuclear station or ISFSt.

2.4.5 FLOODING PROTECTION REQUIREMENTS

2.4.5.1 Flood Protection Measures for oconee Station Selsmic Class 1 Structures

'the Oconee Station plant yard elevation is 796 0 ft. msl and the ISI Si >ard elevation is S25 ft. (ms1). All
of the man made dikes and dams forming the Keower iteservoir are constructed to an elevation of 615.0
ft. mil with a full pond elevation of 800.0 ft. msl. Ilowever. Class I structures and components at the
station are not subject to flooding since the Probable Maximum Flood (PMFi would be contained by the
Keowee Reservoir. The minimum external access elevation for the Auxiliary, 'lurbine, and Service -

lluildmps is 796 5 ft msl which provides a 6 in. water sill. Also, the plant site is provided with a surface
water drainage system that protects the plants facilities from local precipitation.

In the Oconee PRA study, a postulated failure of the upstream Jocassee Dam resulted in a peak flood
elevation at Keower Dam of Elev. hl312, which gives 1.9 feet available fredmard Ahhough the
connecting canal between the two arms of lenke Keowee would lengthen the travel time of the flood wave,
it is conservatively assumed that the water level resulting at Oconee intake Dtke would be the same as for

*

Keowee Dant

2.4.5.2 Flood Protection Measures for ISFSI Site

The site for the 151'S! is elevated well above the nominal plant yard pade at El h25.0. Flooding of the
ISI Sl is not a credible esent; therefore, no flood protection prevention measures are necessaty.

'
2,4.6 ENVIRONMENTAL ACCEPTANCE OF EFFULENTS

The only Equid used for the ISFSI is dunng preparation of the DSC and transfer cask within the confmes
of the plant Auxihary lluilding. No hquids are used dunng the actual operation of the ISI SI-

_

2.4.7 SUBSURFACE HYDROLOGY

The Independent Spent Fuel Storage Installatbn piovides for the storwe of spent nuclear fuel in a dry
condition. Therefore. there will be no cor.sumption of poundwater or impr.et to the poundwater system
as a result of instalhng the ISI Sl at the Oconee Station

2.4.7.1 Groundwater Usage

The completed field survey of approximately 30 wells performed in the late 1960's determined that
poundwater usage is almost entirely from the permeable zones witlun the saprolite with only minor
amounts obtained from the underlying fractured bedrock Yields from these shallow wells are low.
Fenerally less than 5 ppm. and are used to supply domestic water for homes and imgation of lawns,
Fardens, and htmted amounts for livestock. With only a few exceptiom, the wells are hand dug. equipped
with bucket hh and or jet pump, and 10 to 60 ft. deep.. At present, there is no industrial demand for
groundwater within the area. The only appreciable poundwater draft obsened is being supplied by eight
wells for Keowee liigh School, located four miles west of the site.

O
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/ 1

V
2A.7.2 Regional Groundwater Conditions

The Oconee Station lies within the drainage area of the Litt e and Ker" Rivers which flow southerlyl

into the Seneca River and subsequently discharge into the main drain 4 course of the Savannah Rher.
The average annual rainfall at the site aiea is approximately 53 in-

The deposits of the Little and Keowee dreinage basin are generally of low permeabilny which result in
nearly total runoff to the two rivers and their numerous inbutary creeks RunofT occurs soon after
precipitation, panicularly during the spring and summer months when the soil percolation rates are

vo by the short term but higher yieldmg rainfall periodo The area is characterued by youthfulev
streams and creeks which dacharge into the mature Little and Keowee Rivertru .

'throughout the area, poundwater occurs at shallow depths within the saprolite (residual soil which is a
weathering product of the underlymg parent rock) soil mantle overlying the metamorphic and igneous
rock complex (Reference 1 on pape 2 84 Refer to Section 2.5, " Geology and Seismology" on
page 2-43. This saprohte soil, which ranges in thickness from a few feet to over 100 ft., is the aquifer for
most of the poundwater supply. Welk are shallow and few exceed a total depth of 100 ft. Depths to
water commonly range from 5 to 40 ft. below the land suriace Seasonal fluctuation is wholly dependent
of the rainfall and the magnitude of change may vary comiderably from well to well due to the hmited
areas of available recharge Average fluctuation is about 3 to 5 ft. Iloth surface water and poundwater in
tius area are of low mineral content and generally of good quaht) for all uses

To determine the general poundwater environment surroundmp the plant area, poundwater leveh were
estabbshed in numerous domestic wclls and exploratory drill holes during the onginal procram in the late

/O 1960 s within a four mile radiut Additional data was obtained from inter iews wnh local iesidents

V regardmg rpecific webs and docussions with State and i ederal personnel. 'ihe results of the poundwater
level survey are shown on Iigure 2M on page 2 3( The resuh5 demonstrate that local subsurface
drainage generally traveb down the topographic slopes within the more penneable saprolite soil zones
toward the nearby surface creek or stream Gron drainage is southward to the 1,ittle and Keowee Rivers
which act as a baw for the padient.

llecause the topopaphy and thichnen of the residual soil. overlying bedrock control the hydraulic padient
throughout the area, and further, the relief h highly variable withm shon datances. ii is not possible to
assign a meanmpful average padient for the 15 square mile area surveyed in all small areas studied within
the four mile radius, the poundwater hydraulic padient is steep and conforms m the topopartue slope.
Water released on the surface will percolate downward and mme toward the main drainage channels at an
estimated rate of 150 to 250 ft per gar.

The padient throughout the area represents the upper surface of unconfined poundwater and therefore is
subject to atmospheric conditions. Confined groundwater occurs only locally as evidenced by the existence
of isolated spnngs and a few exploratory drill holes which encountered artesian conditions. These
examples do not reflect general conditions covenng large areas but merely represent isolated local strata
within the saprobte soil which contain water under a semi perched condition and or permeable strata
overlain by impermeable clay lenses which have been breached by erosion at its eut and recharged shon

. - distances upslope by venical percolation

The plant area is on a moderately sloping. nonhwest trending topopaphic ridge which forms a drainage
divide between the Little and Keowee Rivers located approximately 0.5 mile to the west and east.
respectively. Groundwater levels at the plant site, measured during the 1966 drilhng propam and
subsequeml> in four piezometer holes drilled for pre-construction monitoring purposes, ranged from

(V,')
elevation 792 ft. (ms!) to 696 ft. (msin The slope of this apparently free water surface is predominantly
southeasterly toward the Keowee River and its tributary dramage channels. An average hydraulic padiem
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to the southeast of approximately S.0 percent was plotted along a hne of measured welh.1his closely
conforms to the existinF topopaphy as expected. Refer to l'IFure 2-h on page 2 39 int measured water
ler:15 and typical water table profde.

2.4.7.3 Groundwater Quality

The surface water and poundwater of the area is generally of good quality (Reference 2 on page 2 h7). Of
the welh surveyed, none were noted where water treatment is beinF conducted. lemperature of well water
measured ranged from a lou of 46 to a high of 59 depers.1he majority of readtnFs were from 50 to 53
depees I ahrenheit.

Water contains ditlerent kind amouri.s of mineral constituents. Temperature, pressure and length of
time water is in contact mck types and soih determine the type and amount of mineral
constituents present. Ik i are imate contact with the host rocks for lonFer periods
of time, they have a r. nunras , mineral content than surface waters.11e mineral

Prodnce is low due to the relative insolubility of the'

content of natural surfact - '

panitic. gneissic, and schism - -duced contact ttme caused by rapid runoiT in the
mountainous areas.

Tabulated below are th surface v.m - ed in pans per million from the Keowee River
near Jocassee. South Carohna.1he w. ,ompic - - Aen and analyzed by the U.S. Geological Suney,
Water Resources Division in June 1965.

Sibea (SiO;) Eb Carbonate (CO ) 0.0
3

h iron (I e) 0.01 Bicarbonate (11C0 ) 7.03

'~',1>

Calcium (Ca1 1.0 Sulfate (sop 1.0

Ntagnesium (N1g) 0.1 Chloride (Cl! O6

Sodium (Na) 1.2 l~luonde (1 ) 01

Potassium (K ) 0.4 Sitrate (NO ) 0.1
3

Dissolved Solids 15.0 Phosphate (PO4) 0.0

liardness as CACO 3Fi

pil 6.6

Specific Conductance 13 0

Soil surveys conducted by the U.S. Depanment of Agricuhure in cooperation with the South Carchna
Agricultural 1.xperuaent Station assign pil salues of between 5.0 and 6 0 for the llayesville and Cecil soil
senes which are present at the site area (Reference 3 on page 247L Surface wafer samples taken from the
Keowee River within one mile of the site have a pil of 6.5 to 7.0 it is expeeted poundwater at the site
has a pil ranpng between 5.5 and 6.0.

The eation exchanp potential can be evaluated by knowing the SAR (Sodium Absorption Ratio),
sat ition extract values, and the pit of the soil. Two sa.nples of sq.cohte soil were obtained from drill
holes used in determining field permeability values and tested for Sodium Absorption Ratio (SARL The
results are tabulated as follow r

r
(v
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Mh%jP Saturation Estract Values
; Milligram-equhalent per ,

100 grains of soil
'

.

Sampic Nof _ pil Cond. (mhos) Calcium . Magnesium - Sodium SAR

1 5.6 5 0.015 0.000 - 0.0108 0,122

2 5.7 . ? 0.010 0.000 0.0166 0.235

| Considering the amount of soil that is available is so peat, it is evident that many times the amount of
strontium and or cesium contained in the waste could be absorbed. Further, the distribution coefficient
for ion exchanFe of radionuclides with the sediments is dependent on the pil of the water in the formation
(Reference '4 on page 2 S7) The distribution coeflicient is a ratio of the reaction of these radionuclides
that are absorbed on the soil and the traction remaining in solution. It is expected that_ the soih --

surrounding Oconee have a ratio in th'e range of 80 to 150. and comequently a sub.tantially lower average
velocity for any radionuclide to that of natural water will resuh.

The estimated maximum rate of movement of water through the soih is about 035 feet per day. Using
this rate in relation with the above distribution coefficent, bulk density and porosity of the soil, and ratio

-- of the weight of soil to volume of poundwater it indicates the radionuclide velocity will be about .0015
. .that of groundwater. Using a safety factor of five for variance in flow and competition for exchangeable
sodium ions. it would require more than 1000 years for strontium or cesium ions to mipate a distance of
one half mile 1In summary. the movement would be so extremely slow that the~ saprohte soil is an +

= - eflective natural bamer to the migration of radionuclides -

: O;
'

N) 2.4.7,4 Program of Investigation

Permeability tests were performed in borings in the late 60Y as part of the original site investigation
program to determine permeabilities of the soil underlying the site. De tests were run accordinF to the
llureau of Reclamations Field Permeabihty Testsc Designation F 19. Figure 2 9 on page 2 40 shows the
arrangment of'the'fieldLiest equipment: along with a brief desenption of the_ procedure used in
determining the_ soil permeability test resulto Test results are from 5 borings as presented in Table 2 4 on

~

page 2 37. The formulae used in the calculations of the k values are shown in Figure 210 on paFe J-41.
_

Field permeability tests conducted within the saprolite soil yielded values ranginF rom w0 to 250 ft.!yr.f
The permeabihty tests were performed in hole |s -of varying depths to determini if the zoned typed -

: weathering of the saprohte soil affects vertical permeabihty, llased on the test results. inspection of nearby
froad cuts and a study of the exploratory drilllogscit is concluded that the sudicial saprolite possesses'

' lower permeabihty values than that found in the deeper strata. Rh correlates with the general profile of
the soprohte in that the later stages of weathering produce a soil having a higher clay content than the

- more coarse painedisilty sand: sediments ' below. This Lnatural piocess of weathenng results in the
fonnation of a partial barries to downward move meut of the surface water.

2,4,7.5 Groundwater Conditions Due to Keowee Reservoir.-

As previously discussed, the groundwater leveh at the plant range from elevation 792 ft. (ms!) to below
elevation 696 ft (ms!L ne Keowce Reservoir operates with a maximum pool elevation of 800 ft.3 (msl);

L
This results in raising the surface water elevation to that datum on the northem and westem portions of

: land adjoining Oconee. It also raises the existing poundwater table for those local areas bordering theu

reservoir where formerly the. goundwater surface was below elevation 800,0 ft (mst). The reservoir-
|

A y rnaterialy contributes in establishing a potentially larger recharF area and where it effects the poundwater

| '. - ; results in a more stable hydraulic padient with less seasonal iluctuation than formerly existed
/. ;

.
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\
l'rchminary studies indicate that Keowee Resenoir has created the following poundwater conditions at
Oconec.

I. Groundwater continues to mipate downslope through the saprohte soil on a slightly steeper padient
in a southeasterly direction toward the Keowee River base datum..

2. There are two topopaphic dnides which separate the nuclear station from the nearby resenois: (1) a
one half mile wide nonh south stretch of terrain west of the site, and (2) a narrow 500 ft. wide ridge
north of the site. Original poundwater measurettients in drill hele K 12, located atop the northem
ridge, show water table conditions exist at about elevation hiv ft (mst)

3. There should be no reversal of groundwater movement at the site, and all watet percolates downward
and away from the plant area

4, 'lhe construction of Keowee Dam and Resenoir has not created adverse poundwater conditions at
-_

the plant site..

id the plant one mile exclusion radius. by surface water5. Infiltration of domestic weih located be: t

trom the site is not possible under the poundwater conditions imposed by Keowce Reservoir.

-

245
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2.5 GEOLOGY AND SEISMOLOGY

Specific soil testing has been performed at the designated location for the ISFSt. The data obtained from
this testing is utilued in the foundation design of the ISFSI (See Section 2.5.5, "lSFSI Foundation" on ,

page 2 51). It should be noted that foundation conditions at the ISFSI site are typical of those
encountered in the general station area. He following sections discuss the Oconee site Feology and
seismology.

2.5.1 BASIC GEOLOGIC AND SEISMIC INFORMATION

Geolope and seismic investigative studies for Oconee Nuclear Station include the following;

1. a review of the asailable geolopeal and seismological hterature penaining to the region;

2. a geological reconnaissance of the site. perfo-med prtmarily for the purpose of evaluating the
. possibihty of active laulting in the area;

3. geophpical explorations and laboratory test > to provide parameters for evaluating the response of
foundaten matenah to earthquake ground motion:

1 an evaluation of the seismic history to aid in the selection of the design canhquake that the station
might experience; and

-- 5. the development and recommendation of seismic design parameters for the proposed structuret.

-

The gech,gic field work at the site was performed concurrently with the drilling for the original plant site.u
The site reconnaissance is a continuation of the geologic field work done for the Keowee Dam. Local
outcrops though scarce, are examined and the rock typen joint and fohation orientation noted-

The oripnal plant structures are founded on normal Piedmont granite gneisses. The construction
charactenstics of the residual soils overlymg the rock that form the foundation for the ISFS! are_known
and present no problems in design or construction The rock underlying the site, below surface
weathe4ing, is hard and structurally sound and contains no defects which would influence the design of
heavy structures

The southeastem Piedmont rocks are highly stable seismologically. and the Oconee Nuclear Site should
be one of the nation s most inactive areas with respect to earthquake aethit).

2.5.1.1_ Regional Geology

The regional structure is typical of the southem Piedmont and illue Ridge. The region was subjected to
compression in the northwest southeast direction which produced a complex assortment of more or less
paralkl folds whose axes lie in a nonheast southwest direction. The 131oe Ridge uplift was the climax of
the foldmg. and it was accompanied by major fauhing, along a line stretchtng northeast through Atlanta
and Gainesville, Georgia and across South Carolina,1I miles northwest of the site. His has been tenned
the 13revard Fault.

De age of these uplifts has not been agreed on by geologiste. The concensus of geologie opinion seems to
require a period of severe deformation followed by at least one additional period of less severity Probably
all occurred during the Paleozoic Era, but it has been suggested that the last major uphft was as late as the
Triassic (ISO million years ago) when the Coastal Plain to the east was downwarped. A number of

! 22 43
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investigators have mamtained that the major deformative movements occurred at least 225 million years
ago. Ilowever, all the resuhing stresses have not yet been fully dissipated

There is no evidence of any displacement along these faults during either histoiic times or during the
Geologic Recent Era as indicated in displacements in the residual soils that blanket the region. While the
well known lirevard Fau!t passes 11 miles nonhwest of the site, there is no indication of a major fault in
the tmmediate viciruty of the site. Funhermore, the major fauhs of the region are ancient and dormant,
except for minor adjustments at considerable depth Therefore, there is no mdication of any structural
haz.ard to foundations.

The site is underlain by crystalline rocks which are a part of the southeastem Piedmont physiographic
pronnee. This nonheastward trendmp belt of ancient metamorphic rocks extends nonhward from
Alabama cast of the Appalachians, and in South Carohna crosses the state from the 14111ine on the east
to the illue Ridge and Appalachian N1ountains on the west. These rocks are generally recograed as being
divided into fout northeast southwest trendtng belts in the Carolinas. I rom southeast to nonhwest they
are the Carchna slate belt. Charlotte beh. Kings N1ountain beh. and Inner Piedmont beh. The Oconee

Nuclear Site is m the western. or Inner Piedmont lleh.

The Piedmont metamorphic rocks of the site were formed under many ddlerent combination of pressure
and temperature, and represent a complex succesuon of geologic esents. The formerly accepted concept
that the 15edmont comists only of the deep. wom down roots of ancient mountains now seems
untenable. The older thcory tha' the rocks were exclusisely of igneous oripn is being replaced by the
propositmn that they represent highly metamorphosed sediments which have been folded. faulted. and
injected to result in onc of the most complex geologic environments in the world. It can be said with
cenamty. howeser, that these rocks represent some of the oldest on the continent. -The new techniques of

(Q) dating by radioactive decay hase placed the age of the metamorphic episodn that pwduced these rocks as
j

occurr.ng from 1,100 my (milhon yearn to 260 my ago. The successive nonheastward trending bands of
rocks vary greatly in hthology from grarutic types to highly basic classtlications. with pieisses and schists
bemp the predominant classificatmns petrographically. In summary. the reponal geology of the Oconee
Nuclear Site can be accepted as typical of the southeastem Piedmont - narrow belts of metamorphic rocks
trending northeast, with the fobation dipping generally to the southeast.

2.5.1.2 Site Geology

2.5.1.2.1 Geologic. History, Physlography, and Lithography

The rock presem at this site is metamorphic. It is behered to be Precambrian in age; thus, it was formed
over 600 milhon years ago. The complete history of this region is quite complex and has not been fully
unraselled. Iloweser. it is the concensus of the geologic opinion that the formation consisted of thick
strata of sedtmentary rocks which were later downwarped and ahered by heat and pressure This first rock
formed is termed the country rock.

$1 ore than one episode of regional metamorphism transformed the rock into metasediments with
accompanying injection and mobibzation by plastic flow.

Since the formation of the country rock, most of the mass has been altered or replaced by inj-ction of
granite gneiss. biotite homblende gneiss, and one or possibly more pegmatite dikes.

It is not deFnite which is the younger: the granite gneiss injection or the bionte homblende gneiss
injection. The limited evidence points to the granite gneiss as the younget of the two
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The pepnatin dikes are the youngest rock known at this site. One such dike is exposed in the road cut
on the east side of the state highway passinF through the site. It clearly shows the pepnatite cutting
through the older rocks, and thus, demonstrates that it is the youngest.

Regional metamorphism, folding. and some minor fauhing occurred concu Tently much of this early time.

This site is located within the Inner Piedmont lich. at this locality the westernmost component of the
Piedmont Physiopaptue Province. The topopaph> of the area is undulating to roDing; the surface
elevations tr.nging from about 700 ft. to 900 ft. The region is moderately weU dissected with rounded
hilltops, representing a mature reponal development The area is well drained by several interinittent
streams flowing away from the center of the site in a radial pattem.

The local geology of the Oconee Nuclear Site is typical of the southeastem Inner Piedmont llett, The
foundation rock is biotite and homblende gneiss stnking generaUy nonheast. with the foliation dipping
southeast The rock is overlain by residual mils which vary from silty clap at the surface, where the rock
decomposition has completed its cycle, to partially weathered rock, and finally to sound rock.

The strike of the foliation planes or bands of rmneral segregation is nonh 6 depees to 15 depees east with
an average dip of 22 degrees to 28 depees to the southeast. Ilowever, due to the local foldmF c,r warping
at this site. minor vanations in the stnke and dip of the foliation will occur within the site.

There base been periods of erosion and perhaps esen contmuous erosion since the close of the Paleozoie
lira The rock now encountered at this site represents the deeper portions of the original metamorphic
complet

O The rock encountered at this site is of three main t> pes; light to medium pay panite pieiss, light pay toV black biotite hornblende gneiss and wiute quanz pepnatite with local concentrations of mica, both
! muscovite and bionte varietio.

The dominate rock type at this site is the light 'o medium pay panite gneiss This rock type is generaDy
moderately hard and hard below the initial soft layers encountered in the rock surface. Joints in this rock
are brown iron stamed in the upper softer layers, but in the deeper harder rock. the joints are not stained,
lhis help 3 iUustrate that the jointing at this site does not control the weathering or decomposition of the
rock.

The second most abundant rock type is the biotite hornblende g,eiss. The rock is generally weathered or
softer to a peater depth than the panite gneiss. This is pmbably due to the lugher percentage of biotite
mica. Iliotite mica is a potassium magnesium. iron aluminum sihcate. The iron content of the biotite
nuca causes the rate of decomposition to accelerate, llowever, generally at the deeper ponions of the-

oripnal plant bonngs. the biotite hornblende pieiss hardness tnereases to moderately hard or harder.
Onl> a few thtn soft layers were noted in this rock in the deeper portion of the oripnal plant borings but
not in the ISTSI site bonng logs which are presented and discussed in Section 2.5 4, " Subsurface
Materials" on page 2-50,

A few layers of hard quartz pepnatite with local concentratmns of mica were recorded. The thickness of
the pegnatite layers are generally less than three feet. These pegmatite layers are dikes. A dike is a
sheetlike body of igneous rock that fills a fissure in the older rock which is encountered while in a molten
condition. There is an exposure of mica quartz pegmatite dike on the east side of the state road cut
passing through this project. This dike exposure is about 3.5 ft. wide, but due to the lack of knowledge of

! orientation of the dike. the exact width cannot be computed. The quanz pegnatite encountered in the

O original station bonngs probably represent other smauer dikes of the same material. These dtkes are ofi

\.j
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hard, sound and durable matenal and should cause no concem to construction or foundation
requirements ~

2.5.1.2.2 Rock Weathering
b

Rock weatherinF at the Oconee Nuclear Site is about normal for Piedmont biotite gneisses. The range of
depth before sound rock is reached is 0 to 35 ft. for the ISFS1 foundation. Yard grade is nominally at !

elevation 825.0 md. with the bottom of the foundation at elevation S22.0 mst. De resuhing residual ,

materials clays, sihs, and weathered rock are structurally stronF. and are used in situ for the foundation ,

of this structure.

2.5.1.2.3 Jointing .

| The rock' at the Oconee site is moderately jointed. All of the visible rock outcrops were studied in
attempting to determine the concet onentation of the joint pattems.

Some moderately good rock outcrops were found and several joint pattem orientations measured. While
studying and logginF the original site rock cores, all of the joint dips were recorded. The dips of the joint
pattemt recorded in th- rock cores were associated with the dips measured in the rock outcrops.

He rock has apparently not been subjected to stresses causing high concentrations of joints. De core
bonnp indicate that jointing is widely spaced, and has not influenced the weathering pattem. Joints are
about equally ~ divided between stnke and dip joints with occasional obbque joints.

2.5.1.2.4 Ground Water

V Subsurface water iy typical of Piedmont area. The top of the zone of saturation, or water table, follows
the opopaphy, but is deeper in the uplands and more shallow in talley bottoms it minates through the
pores of the weathered rock, where the feldspar $ have disintegated and left imersticial spaces between the
quartz pains - Additio al water is contained in the deeper fractures and joints below the sound rock line.
The ~ water table is not stationary, but fluctuates continually ~ as a' reflection seasonal precipitation.
Additional information 'on pound water is included in Section - 2A "', " Subsurface llydrology" on
par 2 31, Groundwater elevations encountered during the ISFS! site borinp are noted on the boring

. lop Section 2.5A, " Subsurface Materiah" on page 2 50.

2.5.2 VIBRATORY GROUND MOTION

A seismological study for the Oconee Nuclear Site has been perfonned to determine the design and
hypothetical earthquakes for the site and the pound motion associated with them Details are discussed
in Section 2.5.2, " Vibratory Ground Motion" on page 2 211 of Reference 5 on page 247.

2.5.2.1 L Earthquake History

The largest canhquakes close to the site occurred near Charleston in August,1886, some 200 miles from
the site. Two shocks occurnng closely in time, had an intensity estimated to be about Modified Mercalli '

IX at the epicenter and wcre perceptible over an area of peater than two million square miles.

Aftershocks of the main canhquake had intensities ranging up to Modified Mercalli Vll. Dese shocks
. may be associated with a downfaulted Triassic basin under the coastal plain.

A There have been two moderate earthquakes in the immediate vicinity-of the plant since construction

h began.
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in 1971, an earthquake occurred near Seneca, South Carchna. The descriptions of this event which
occurred at 07A2 (EST) on July 13,1971 have been examined from various sources. A MN1 miensity VI
was assigned to the event by UGS based primanly on the repon of a cracked chimney near Newry,
about 10 km south of the present epicentral area A detailed examination of the buildings and chimneys
by Sowers and I ople (197h) cominced them that the chimney in question had been broken and in a state
of disrepatt before the shock They assigned an intensity IV (MM) to the shaktng at Newry.

The July 13, 1971 event a107C AM EDT was preceded by a felt shock at about 415 AM EDT and
followed by at least one ich ahershock at 7A5 AM (Sowers and 1: ogle,1978)

On August 25,1979 (9.31 PM EDS1. Aug 2to a magnitude 3.7 eanhquake occuned in the vi-inity of
lake Jocassee, South Carchna This MM intmity VI event was felt in an area 01 about 15,000 sq. km
and was recorded locally on the three statim ike Jocassee seismographic network, and reponally on
seismic stations in South Carohna Nonh Carchna, Georgia 'lennessee, and Yttrinia. During the period
(August 26. 1979 - September 15.1979) 2t aftershock> were recorded and they ranged in magnitude from
.fdlto 2.0..

A hst of earthquake > in the repon is provided in lable 2-5 on papc 2 55

2.5.2.2 Geologic Structures and Tectonic Activity

The region (defmed as Nonh Carelina and south Carolina, and pans of Georgia, Alabama. Tennessee,
and Vttpnia) is comprised of three large nonheast r.outhwest trendmp tectonic zoner The coastai plain.'

the cry stalhne metamorphic zone and the osenhrust zone

The site is located nearly m the center of the crutalhne metamorphic zone, which consists of six generally
recogni/ed metamorpluc behs. I rom southeast to nonhwest these are: 1he Carolina slate belt, Charlotte
belt. Kmp Mountam belt. Inner hedmont be't, liresard beh, and lilue Ridge beh The site location is

,

within the lar'er Piedmont beh. The rocks m the belti consist of metamorphosed sedtments and volcanics
that base been folded, fauhed and intruded with igneous rocks lhese belts are dehneated by ddlering
degrees of metamorphism Generall). the depee of metamorphism becomes propessively less from the
northwest to the southeast

The oldest meiamorphic rocks are located in the Blue Ridge belt- The more easterly behs of younger
rocks base undergone propessisely less metamorplusm

'lo the north and west are found a series of fault systems. Stnce these fauhs are both numerous and
extensise, they can be grouped together and referred to as the overthrust zone. These fauhs no doubt
resuhed from the formamn o the Appalachiansf

The great system of thrust fauhs in the overthrust zone and most of the known fauhing within tie
ersstallme metamorphic zone apparently occurred dunny the last penod of metamorphism (260 milhm
years agor

During the Triassic Penod (150 to 225 milhon years ago), sediments were deposited over parts o' the
exposed metamorphic behs. These deposits and the older metamorphics were intruded by a system of
northwest trending diabase dikes anc were fauhed by nonheast trending normal fauhs in the late Triassic
Time (200 milhon years apot Some of the older fauhs wittun the crystalhne-metamorphic zone raay hase
been actne si this time

'

e
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-From the late Triassic time until the present, the coastal plain has accumulated a sedimentary cover over'"

its crystanine. metamorphic bedrock. These sediments overlap the bedrock and tideken toward the
.

:outheast, eflectiv-ly masking any ancient fauhing.

It is considered possible that igneous activity has occurred in the region after the Triassic because volcanic
bentonitic clays of Eocene (approximately 50 nullion yean afo) and possible Niiocene are (12 million
years aFo) hs ce been mapped in the sediments of the coastal plain in South Carolina. The source of this
volcanic act .ity is presently unknown.i

LaSXtng: TI.* names, distances and directions from the proposed site, and the probable age of the known
faulting in the region are as follows:

Distaner-Direction Probable Age

Name iorm Site .51111 ions of Years

lirevard I ault 11 Stiles NW 260

Dahlonega i ault 40.%1iks W 260

Whitestone I auh 47 Nhles NW 260

Towahga i ault 90 stiles s 260

Cartersville l'ault. 104 \1iles W 260

Gold :lill 1 ault. 115 N1iles i 260

Goat Rock fault 140 N1iles SW 260

- 1-() Triassie. Deep River liasin, N C. and S.C. 140 Stiles 1: 200

Triassic, Danville 11asin. N.C. 145.\1iles NE 200

Cnsp and Dool) Counties. Ga, 140 N1 des SW 12 to 70

Probable Triassic Ilasin Charleston S.C. 200 N1 des SE 200

The first sesen fauhs are all_ associated with the last metamorphie period. De lirevard, Whitestone,
Dahlonepa. 'and Canersville faults apparently form an interrelated system.' Tlus system separates the
castern metamorphic behs from the illue Ridge metamorphie beh and the overthrust zone on the west.

The Towaliga. Goat Rock, and Gold lidl f aults. and the Kings N1ountain belt apparently form anuher
interrelated alignment v ithin the eastem metamorphic belto The Kings N1ountain beh it not considered a

- fauh. Its anociation and alignment in relation to the three known fauhs mentioned and the location of
canhquake epicenters within the area bounded by these features, lead to the conclusion that these features
f- 2 an interrelated abgnment.

There is no surface indication that any of these three faults have been active since the T riassic Period (200

million yean).

Two fault locations in the region have been thoroughly investigated by boringt These are the Canersville
fauh near the Allatoona Dam. and the Oconee Conasauga fault in Georgia. These fauhs were found to
be completely healed and not to have moved in many milhons of years.

The Triauic basins of the Carolmas and further north may be due to the release of the compressional

(N forces which formed the Appalachians These basins are down-fauhed grabens which are fdled with

v]\
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Triassic sedimento Two canhquakes in the vicinity of NicBee, South Carchna, may be related to an
extensioo of a 1riassie basin which has been infened in the Chesterfield Durham area.

Some faultmg withm the ten..,y sediments in Dooly, Esp. and Clay Counties, Georgia, has been
mapped. The tme areal extent of this faulting is uninown. This fauhing apparently ranges from
Cretaceous to possibly Miocene in age (70 to 12 million yean).

The canhquake activity near Charleston South Carolina, may indicate an active fault in that region.
Iloweser, no evidence af surface f aulting has been found.

2.5.2.0 Correlation of Earthquake Activity with Geologic Structures or Tectonic
Provinces

The region sunounding the Oconee Station site can be divided into three major areas on the basis of the
reponal tectonics and the seismic history. These major seismic areas are.

1. the oserthrust zone and Blue Ridge metamorpluc belt:

2. the crystalline-metamorphic zone, exclusive of the Blue Ridge beh; and

3. the coastal plain

The greatest number of recorded shocks have occurred within the evenhrust zone and the Blue Ridge
Themetamorphic beh nonhvest of the Bresard Whitestone Dahlonega. and Carterssille fauh system

epicenters m this area are generally widely scattered

There have been a small number of canhquakes within the crystalline metamorphic zone, exclusive of the
Blue Ridge metainorphie beh. These canhquaket extendmg trom centr.d Georgia to Nonh Carolina,
may be awciated with the 1owaliga. Goat Rock, Gold Ihll. Kines Mountam alignment.

The coastal plain has experienced few canhquakes outside of the Charleston area. l'our shocks, at
- Wilmington, Sonh Carolina and Savannah Georgia, have occurred but are unrelated to any known

fauhmg. ahhough the Wilmmgton shocks were adpcent to the Cape 1 car Arch

The only earthquake which does not closely fit this system of seismic areas is the 1924 shock in Pickens
~

County. South Carchna 01M V Intensityt flowever. it is likely that this earthquake is associated with
the ovenhrust Blue Ridge seismic area.

2.5.2.4 Maximum Earthquake Potential

The assignment of probable future canhquake activity can only be b sed upon the previous record and
the known geology of the area. Ahhough the seismic hi< tory of the repon is fairly shon, a reasonable
picture of the seismicity of the area becomes apparent from a study of the epicenter locations and the
regional tectonics.

There are three significant zones of seismic activity in the general vicinity of the site; the Brevard and
related fauhs 70ne. tne ovenbrust zone, and the Towabga, Goat Rock. Gold flill. Kings Mountain
abgnment.

An esaluation of the earthquake activity and the regional geology can resuh in the selection of a series of
maximum sized shocks which are likely to occur in these vanou areas. Conservatively, we can assume
that the presious maximum-sized shock on a particular fauh zone can occur dunng the economic hfe of
the power station and ISI Si at perhaps the nearest approach of the particular fault system to the site.
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"

ratimated
(M\l) Intensity Stagnitude ;

7one . laatkm at Epkenier (Riehter)

Iirevard Fauh Zone ' 11 Miles NW VI tess than 4 k 'o 5 i

Overthrust 75 Miles NW Vill less thaa 5% to 6

- Towaliga. Goat Rock 30 Miles SE Vil Vill itss than 5% to 6
Gold 11111. Kings

*

Mountain Alignment

2.5.2.5 Seismic Wave Transmission Characteristics of the Site
i

Static and dynamic engineering properties of the soil and rock materiah that underlie the general plas . 'ite
aru are discussed in Section 2.5 4 "Stabihty of Subsurface Materials and Foundations" on page 24 ?. af
Reference 5 on page 247.1 Design re:ponse spectra that include considerations of the thickness m.d

1distribution of these materials are discussed in Section 2 5.2 8. " Design Response Spectra" on page 2 219
of Reference 5 on page 247. .

2.5.2.6. Maximum Hypothetical Earthquake (MHE)

- The MllE acceler. tion value is 0.15 g for structures founded on overburden. The design response spectra
= are covered in Section 2.5.2.8, " Design Response Spectra "

,

D 2.5.2.7 ~ Design Base Earthquake
-Q-

.-It is considered hkely that the shocks listed in Section 2.5.2.4. "Matimum Earthquake Potemial" on
page 2 49 could occur no closer than the indicated distances from the site during the life of the plarmed
facihties. tSince the maputudes of these shocks are fairly small. the distance from the epicenter becomes
extremely imponant. - Ground accelerations would diminish rapidly with the distance from the epicenter.

J~ Although larger earthquakes occur within other fault zones, the highest pound accelerations at the site
would be experienced from an earthquake along the lirev rd fauh zoneJIhe assumption of a shock of less
than Richter Magnitude fise occurring along the Drevard fauh tone at its closest location to the site (11
miles), would give pound motions on the order of five percent of gravity at the site. Vertical ground

? accelerations, as contrasted to the horizontal accelerations would be only slightly less than five percent of
the gravity in the competent rock at the site, -

2.5.2.81 Desig Response Spectra.

L The-Oconee FSAR provides that the maximum ground acceleration for structures founded on over-
burdenL(Mile) isyl$g -(Reference 5 on page 2 87J Section 2.5.2, " Vibratory Ground Motion" on -

- page 2 214 and Figure 2-51 on page =2 244). The accelerations considered and used for'the design of the 'f

NL*llOMS 24p system envelope the Mile acceleration (Reference 6 on page 247).*

5 2.5.3 L SURFACE CAULTIN'G - -

This information is discus ed in Sections 2.5.). " Basic Geologic and Seismic Info:Tnation" on page 2 43

L. and 2.5.2. " Vibratory Ground Motion" on paFe '2 4h .

E

L./ I 2.5A - SUBSURFACE MATERIALS
| a
i %

..
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NJ- 2.5.4.1 Explorallon

A grid pattern of boring w as estabbshed to provide the maximum amount of rJmnation for detemdninF
the foundatmn and sod conditions and pennit flexibdsty in final 151 Si layout, abgrunent, and clevation.

1he pencral site area is shown on Iirure 211 on page .M0 and the site and bonnp layout h shown on
the lloring I'lci, l'igure 212 on page 241

The drillmp. Sarnphnt. and rock connF were pedormed in acc( taance with methods specified by the
American Society for letting and Matenah-

' Penetration 1 uting and Spht llarrel hampling of hoils" IN n6+11

*Dianmnd Cort Dnihng for Site Investigation * D 2311421

"Ihin Walled Tube Sampling of Soih* . D 15"431

lioring lop are phen in iirvre 213 on page 242 througc Iigare 2 26 on page 245

2.5.4.2 Groundwater Conditions

Section 2 4 7 "%ubsurface li>drobp' on page 2 31 provides a discunion of the custinF proundwater
conditions at the OL.mer site.

It is anticipated a the remoul of the ose burden due to thi Si constructmn uib nase httle,if any, effect
1 the water table. If the water teble elevation does change. it is anticipa"d that it will drop thghtly, 'Ihe

C sent elevation of the water table at the 15151 site sanc> from elevation 797 feet at the south end to
\ ation h22 h-et a1 the nonh end.

l.,dtatatic uphft wdl not occur dunny the hie of the ISI Si because the foundation of the llSMS and
anociated pasement is at or abou the water table. lhere may be some seepage through the cut into the
hilbide; howevc t, adequate dramage is prosided around the ISI hl site to carr> away stepare.

/.1 the south end of the ISI 51 site. the elesation of the water table is far below the foundation of the
ll%W At the north end. the foundation of the IlhMs will be near the water table elevation. Ilowecer,
the llSM structure ai the enh end of the lhi SI site b panially founded on rock, lher: fore, there will
be no reduction of shra resistance due to potential seepage alo(q t'ac beddmr

1.5.5 iSFSI FOUNDATION

A specific soil testing (results and locations presented in sectior. 2.5 4, " Subsurface Materiah" on

|
page 2 $01 and foundation vvaluation has been periormed at the 151 si site to auist in the development

! of the insitu static soil beannp prenure. I ouneen (14) soil borinn were taken in and around the ISFS1
I site. 'lhe location of thne bonnp is shown in l~igure 212 on page 241. A kne of boring was taken-

along the length of the future foundation of the lihMs from these bonnp several undisturbed samples
were taken. Several tests. including the triadal shear test, were perfonned on selected undisturbed
samples. The results from the triaxial shear test provided enential information used to determine the
uhimate and allowable beannF capacity. (The trinial shear tests were pc-rfonned in accordance with the

,

| Corps of lir.pneers Manual 1:M10 21906. Appendix 100

| After impection of the boting lop, soil samples, and tests, the worst case soil data were selected and used
in the MeserhofT bean.g capacity equation to determine the ultimate soil bearing capacity, which is|

C). approximately 12.0 Lips square foot. lo obtain the allowable statie t. oil beannF capacity, a factor of'

!

241
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O safet) of 3.0 was apphed to the uhimate capant), which t tids the allowable branng prenure of 4 0i

Liprsquer foot (Reinroce 9 on page 200

*lhe largest apphed Static beanny prenure was calculated by first determitting the dead weight of the ||%1
with a fully loaded DSC and then dividing by the area of the foundation this msnmum applied static
bearing prenure was computed to be 3 3 Lips square foot, which is less than the allowable soil branng
prenure of 4.0 kips square foot.

As shown by the bonnp logs the 11%1 foundation v til to a large derree rest ennrely on either firm mil or
panially weathered rock with peneussion blow counts ranpng from n = 12 to refusal A ccusenative
analpis was perfumed to detennine the worst casr settlement of an 11%1 array. Itoth a h3 array and a
hl0 llDI array were considned 1his analpis indicates that the worst case dtflerential settlement will
cause the hl011%1 aney to espeneme a differential settlement of about 3 0 inches along the
North South aut Ihnerential settlement in the 1 ast We51 ducetion will be nephrible.

1 heir settlements are accounted for in the foundation deMrn 1he foundation was analyzed as a finite
modole usmp the computer code % Auto Slitt DJ (lttference 7 on pare 24h

1his computn code modeh settlements by the use of calculated wil springs which provide condderation
for toe settlements Considenny the small maputude of tha settlement, the imegnty and radiolopcal
ducidmp of the 11%1 will not be ad-rsely irupacted. 1he foundatmn structure consists of a 3 ft.
remforced concretc mat l>pical ll,'l reirdanemem is shown m ligurc $ 19 of iteference 6 on
page 2 M

1hc hmiting calculated maximum strenes and allowah'c strenes for loadmrs as defined by iteference 6 on
page 24' envelope the ute foundation stresses for the Oconee lhi SI site. These forces are for the

,

acadent condamn auuming blocked sents and bound all other loadmg combiratmut'

2.5.6 LIQUEFACTION

Potential hquefaction of soih under the Oconee 151 Si foundation area i> not a concern because all of the
foundation materiah are non bquefiable. The three foot thick concrete mat bears enttre!) on either finn
soil or pamally weathered rock hatmp htandard Penetration lest blowcount$ ranpnp from N = 12 to
refusal l~igure 211 on pag, MO show$ the lonptudmal profile of the ISI 51 foundation inel m relation
to both the cripnal ground and to panially weathered rock based on site bonnys

2.5.7 SLOPE STABILITY

The lhi S1 site includes cut $1; pes along both does of the 151 SI site accru road, and along the west,
nonh, and nonheastem sides of the ISI hl site as shown in ligure 211 on page MO I 111 slopes are
located along the southeastem and south sides of the lhi 51 site. The manmum vertical cut is
appronmately fifty feet and the manmum venical fill is appronmately ten feet. The manmum ISI'SI
slope is two honzontally to one venically.

The stabihty of slopes anociated with the lhl SI site were modeled by a program that utiliics the circular
arc analpis meth9d of sheet The program postulates a failure arc through the soil embankment or
foundation, computes the soil man dnving moment and the soil mass resisting moments anociated with
the postulated fai'ure arc, and inen determines the rc<ultmp safety factor by dividmg the total resistinF
rnoment by the total dnving moment. The computer program allows the compua : ion of a large number
of safety factors anociated with many postulated failure arcs (Reference h on pape M4

V

2 s:
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0
'lhe slope stability analpes were perfonned using the rnatimum ISI 51 site slope of two honiontal to one
venical. Actual site soil enpneering parameters, based on laboratory testing of soil sarnples, were
detennined (Reference the site tonny records presented in 1:irure 213 on page 2 62 through
Firure 2 26 on pare 2 $$ ) 'Ihe scismic Design loput Criteria spenfied in Section 3 2 3.1, " input -

Cnteria" on page 310 were used as input in detennining the sciunic behavior of the ISI'SI site slopes.

The irunimum safet.v factors calculated for any postulated failure arc of the vertical eut and fdl slopes of
the 15151 ute are as follow s,

Slinimum
Calculmini

Slope leading Condition halet) l'aetor

$5 feet vertical cut sbpe, static ! 62

$$ feet scrtical eut slope dynamic 1.22

10 feet senical fill slope static 2.0f-

10 fret senical fdlilope dyr.arnic 2 03

|herefore the stabilitt of the IN!'51 ute slopes is ensured unce the minimum ufety factor is peater than
1.0 lor all slopes for all analy/ed conditiont

O

<
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2.5.8 TABLES

|
!

I
i

|
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Omwn ISISi Safety Analysis Regwwt
2.5 Gadog) and Sciumdog)

_

80athe
MllGenTION 1'

4

M10 lit
hareentiam i its i riar

' ,in
pepth
Ft

0.0 ned etteceous silty fine to all.tc N e 13

mest e sand

B76.tc N*6
6.0 $trong brown micaceous fine to !

M sfue sandy $111

10.0 Gray / brown etteceous Stity flota eft.lt N * 11

coarse sand &

466.N . Undisturbed Sample
!$,0 17.6'.19.5'

20,0 listk/ grey etcaceous slightly 461.6( N e !!
sitty ttne/ coarse sand w/ gravel

!!.6 Brown mic6:eous silty fine / 669.t( N*6
coarse sans Black /reedish brown*

very picacecus fine to medium
sandy allt

.

15.0 Brown / white ricaceous stity 456.8 N . 10
,

fine to coarse sehe

30.0 Black / prey sicaceous stity 851.8 N e 100

fine to coarse sand
a

i
f

F

Figure 213 (Part I of 2L
Core fioring Record

i

O
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Oamee ISI'SI Safety Analpli Report 23 G"dogy W hdm

O
BOAlhG
R$!GNATION 1

A00 IIT |

Depth ra uetht4AM i $ht [la t
1- ph

|Ft

3$.0 Slack lignt grey sicaceous 54s.50 N *100
slightly silty flhe to coarse Undisturbed $naple I

37.6' * 37.8' I

land .l
.

40.0 Licht brown / light grey ricaceoul 441.6C N * 49 |

slightly silty fine to coarse |

Send
|

|

'45.0 topt needish brown e.icaceout 636.8C N * 100
fine sandy silt. Bottom: Light
brown to gray (Itght) micaceous

|. slightly silty fine to coarse
sand ,

$0.7 Cartice fishtail refusal 831.!( - ;

!

$$.0 12.1 NX
i

bG 60.0 B4.1 NI 821.91 ,

4

i

60.2 Water Table 821.60

70.0 98.( NI Bll.W <

19.4 Coring Teminated 802.2

,

;

i

_.

N

ligure 213 (Part 2 of 2).
Core lloring Rnad

:

r'
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2.5 Geolog3 and Sciunolog) Om.are ISI SI Safet) Analysis Reprt

:-

ButlhG
DESIGAATION 2

k)0 817
hoth Ba ' e ri e t i " * 5''" ' ' ' ' ' " " "
Ft

0.0 troamish red sicaceous tilty 681.61 h a ?9
fine to tearse sand

5.0 Brownish red ricaceous fine to 876.61 h * IM
pecturi sancy tilt. Blar.k/ light
gray litty sand at botttn of
sarole

10.0 Black strong brown ricate0ws 671.61 N * 100
sitty fine to coarse sand

14.5 Cattide fishtail refusal 867.11

15.0 0.0 h1'866.61

20.0 661.61

25.0 0.0 NI B56.6|

33.6 Re enter Hole w/ fishtail 851.01
Light bre w to gray micaceous N * 17
silty fine to meetum sand

35.0 t*6.6| Undistu* bed saeple
38.I' 39.9',.

40.0 Brown to light gray micaceous 841.6| h * 100
silty fine to coarse 54nd

-

l'igu. c 214 (Part 1 of 2).
Core Boring Record

.

2.M
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. . . ,
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|

v
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|
60 RING
DLSIGhATION t

ROD lif
n><reistaa t sti r rie, *-- ,ti

Decta
ft

45.0 trown to light gray eiceteous $36.6i N * 100
liity fine to coarse sane

53,7 Certice fisttail refusal 827.91

826.61
56.0

97.0 kX 821.6160.0

60.3 Water Tat >1e 821 31

1 004 NI Bil.070.0

802.8176.8 Coring Terminatec
,r]
!v/

e

_

ligure 214 (Part 2 of 2).
Core Ikring Heard

,s

|

i
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2.5 Godog) and Scismolog) (hunte lhi'SI Safet) Analpin Hrpitt

G

{v\ _
.-

DORING |

DL51GMTj0N 3.

300 tit
Depth na u rintien 1 sqri tier a ru

Ft

0.0 B34.42

6.0 Light bron/1tcht gray r,1caceowi F;t9.41 M e 100
tilty fime to N6ive sand stront
bet e / black ricaceous silty flee
to medium sand

10.4 Carbide fishtaff refusal 624.01

16.0 13.6 NI 819.41

18.9 Water table 815.51

19.9 Boring Tertiested 814 $1

(
'V

,

|

Hgure 2 l$,
Core ik> ring Record
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| \
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Omnce ISl'SI S6fot) Analpin Ngatt 2.5 Gadogy and !wdunolog) |
|

;

!,

804!mG
MllthAf!0N 4 ;

i

400 lli -

Depth hur riat ha 1 the fle r
* th !

Ft ,

!

0.0 B28.37 :
,

v

6,0 Yellowish brown / light grey B23.37 N * 37
sicaceous stity fine to coarse ,'
Sand

l- |

10.0 Brown / light gray sricaceous M8,31 N * 100
stity fine-to coarse send q

13.1 Cart 1H fishtail refusal 416.21 !
..

16.0 69.o N1 813.31
i

16.1 water Table 810.21

,

-20.0 Coring Ters1nated 604.31

,.

!

-i

.

>

.

i

i

>

.

!.

.

_

ligure 2 16. .i

Ctwe Boring Rmtd

,

>

>
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2.5 Gadog) and Sr4wntdog) Oconw ISISi haftl) Anal 6is keyutt j
3

O !
.
;

60k!h6-" MllahAfl0N l.1 i

h00 IIT i

k"f atian 1 tiin fiar 'rh'

Detth
,

f1 !

0.0 Reesish brown, mica, silty fine St6.31 N * 45
to coarse lend (lene ground) ,

f

5.0 - Bf3.31 Uneisttebec See9 e- !1

7.4'.9.9'

10.0 Oltre broom, sica, silty. fine 818.31 h * 10
to sodium sand -

,

!$ 0 beddish yel'..m. micat $11ty. . $13.31 UndtsturDec Sa gle \
fine to sodium sano 17.4'+19.9'

N * $1

r 406.31 N * 4420.0 Reddish ye110w. nica. sitty, fin
to pedium send

\~

$i !$.0 L'ight olive brown / white, miet. 403 .31 Undisturbed $441e
tilty..ftne to mediue same 27.4'.20.6'

N * 49
,

30.0 Light olite brown / white. mica 798.31 Undisturbed $6mple ,f
i

silty,. fine to medive send 32.4' 33.5' *

N * 100

32.$ Water 16ble 19$.81
:*

t'

!

.

r -!.

i

i~igure 217 (l' art I of 21.- ,

Core lloring Record

i

f

'
,

h
t
$
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Onnwe 1%)'Sl Safet) Anal >616 Mepet 2.5 Gadog) and !Wemolog3 !

O .

60AthG ;
'

MllGNATION 81 :
!

i>

EO 817 ;

Depth haarramttam 1 iti t fia a "- e u
Ft

.

1

!

36.0 Light sitte troeni. mica, stity Pt).33 h * 100
fine to t0erle lend

"

40.0 Light olive brown / white, ette. ?M.33 .N e 100
silty fine to metum senc

46.7 Certide fishteil re..sel 741.61

f60.0 bl.4 NQ 118.31
i

65.0 113.31

60.0 >0. 5 #0 168.31

64.6 Coring Terrinated 763.8)
4

!

I
i
?

- i
r

.

t

,

;

i
;

!

.

.i

ligure 217 (l' art 2 of 21. I
Core ikwing Heard

i

f

(

249
|-

,

-
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|
1

23 Gnalog) and Seismotor) Onsw ISl'S! Safet) Analpis R9urt

b
l
1

6041NG
IM510hA''ON $.!

A00 817
ha tt ri ati ari 1 lin i fia < " -- - r hDepth ;

Ft

0.0 531.01 Undisturbed $4mple ;

2.5'.6.0'
.

6.0 strong brown. etca stity fine 826.01 We8
to socius send Undisturbed Staple |'

1.6'.10.0'
!

10.0 Light pole brown mica. tilty. 821.01 ha 16
fine to medium stand Undisturbed Sample !

12.6'+15.0' :
-

,

,

15.0 Vellow4h brown, mica silty. 816.01 Undisturbed $491e
fine to m di e sand !$ 0'.16.1'

:N * 23
r

'

?0.0 $trong brown, sica, silty. fine 811.0: N * 100
to maium sand

25.0 ho Description 806.0: N * 100

30.0 Very pale brown / yellowish brown 801.0: h = 30
mica silty, fine to coarse send

,

32.t tlater Table 196.8:
,

&

;

t

,

s

*

'I'igurc . 218 (l' art I of 2).
Core ikwing Ruud

'
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(kenee ISISI Safet) Anal)nis kepwt 2.5 Gadogy and Sdunolog)

_

80R1hG
,'

D(518MATION l.2

. i

M0 lif ,

Depth h arriatina i ti* * fler " Ph i

Ft i

'

37.4 Cartide fisht411 m fusal 19).61

40.0 W.I 20 791.01

45.0 61 20 786.01
-!

60.0 l00 NQ 781.01

$9.0 Coring leminated 772.01 i

f

i

,

s

i

r

i

t

!

,

.

ligure 218 (Part 2 of 2L
Core Horing Record
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1:

2:3 Ga&c and SciumAp Onmee 1S151 Safri) Anal nis Report3

OO
BOR!a6.

"' N11GnATION B3

t r.
|200 Ilf

Depth haa"t at t u i tto ria, --wi
-

Ft
1
'

0.0 erg.vi Undistur6ed $asele
2.0'.4.l' ;

1

'

5.0 Light yellowish brown / reddish 415.91 UndisturM a $ae91e
brown, mica. Silty, fine to 4.6'.7.0* .

mediwa send N * 12 !

.

.

10.0 L19ht yellowish brown / strong 810.91 Undisturted sample-

brown. mica. fine to medium 12.0'.14.5' i.

sancy sitt. N * 11

16.C 605.91 Undisturbed Sample
17.0' 19.6'

r

20.0 Light yellowish brown / strong 600.9h undisturbed $ ample

brown mits. fine to medium 19.$'.22.0' ,

sancy sitt N * 13

O- 23.9 Water Table 797.01 !

!

~25.0 796.94 Undisturbed Samp16
-27.0'.29.$'

30.0 White /pickish gray, mica. sitty. 790.94 N e 65
fine to coarse sand Undisturbed $ ample.

.32.0'.33.6'.

I

,

.

Figure 219 (l' art 1 of 2).
Core Ikring Record

O
.
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Ouinet 1%1"Sl SU'et) Ank])6in Hrgiort 2 6 b"'I(O "Dd NCIWMS(9

-

$DRIG
DE $1CAAT10N B'3

ROD Blf
h*""'^'i"^ * i''' L'' '""kl

Npth
Ft

35,0 White / pinkish grey, rits. silty. 765.98. N * 100
fine to medive land |

37.0 White /pinktth gray, rica, silty 783.9B h * 27
fine to medium $6no

40,1 Carbice filhtail refusal 780.BB

gg,g 99 hQ 775.9B

60,1 Coring terrinated '70.86

,.

._

.

l'igure 219 (l' art 2 of 2).
Core Iksing Ruud

2 73

- - _ __- _ ___ _ _-__ - -_ - ___-_- - -____ _ _ _ _ - _ _ - _ _ _ _ _ _ _ _ _ _ _ _ _ - - - - _ - - _-_-



.- . - - . . . . ..- ----. - . ~ - . . . . . . - . . . _ - - . ~ _ .
.

1

2.5 Gadog3 and Wolog) (ktva 1%) SI Safet) Anni)W$ R9wt

% 60AlhG
Btilladil0N 08

'

.r

MID SIT '

Depth w s tattan a tti n rim , "- e h
:Ft .

0.0 08.63 Undistutted $6mple ;

2.4*+4.9'
I
i

'

5.0 8eddish brown / red, mica, silty. B73.lJ N + 19 .

'

f tne -to mecie very sancy clay- Uncistvrbec $aeple
?.4'+f.9'

i
<

10.0 Redeith brown / red mics, silty. B68.61 N * 100
fine to mecie very sandy clay |

Light becwn yellow / yellowish N e 49 i

silty, fine to
brown,ette,(uithgravel)coarse send

|

16.0 Light brownish yellow /yellcwish 863.6| N * 100
brown, silty, fine to coarse
sand -

f

L' 20.2 Carbide fishtail refuss) 858.3: |

1

!$.0 ,12.1 NQ 863.6;
;
,

30.0 0 NO 848.lD
.

36.0 843.6 I=
_

* ;

40.0 ' Yellow / brownish yellow, rica. 838.l l N * 100
tilty f the 10 medium sand

!

.

.

r

ligure _ 2 20 (l' art I of 2).
.

)
~ Core ikwing Record
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6
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O ,

3.1 PURPOSE OF THE OCONEE ISFSI

The purpose of the Oconee ISI'SI is to insure the uninterrupted operation of the three unit Oconee
Nuclear Station by providmg additional long term spent fuel storage capacity. The existing storage system
consisting of two separate wet spent f.iel pools is rapidly approaching a maximum operating inventory.
The ISFSI utilizes the NUl10N1S 24p System. NUllON15-24p is comprised of a series of reinforced
concrete llSN1s which will each house a stainless steel, helium fdled DSC containing 24 quahfied spent
fuel assembhes. De DSC top end shield plug and separate cover plate are both independently seal welded
to provide total conhnement of the irradiated fuel A shielded transfer cask is used to transfer the DSC to
the llSN1 from the spent fuel pool During storage, the llSN1 provides radiation shieldmg and passive
decay heat removal from the DSC,

3.1.1 MA7ERIAL TO BE STORED

Each DSC is capable of storing 24 pWR assemblies The following subsections will address the physical,
reacthit), thermal and radiological charactenstics of spent fuel to be stored in the DSC-

3.1.1.1 Physical Characteristics

The phpical characteristics of the reference 15 x 15 fuel m listed in Table 31 on page 3 6. Additional
information may be found in the Oconee I SAR. Section 4.0.

,

3.1.1.2. Reactivity Characteristics

The reactivity'of the spent fuel assembhes must be hmited for enticality control purposes. Reactivity is a
function of both the initial emichment and the discharge bumup. A reactivit) equivalence curve which
showithe acceptable combinations of snitial ennchment and discharge burnup h given in Figure 10-1 on
page .1010. l{or criticality control, the spent fuel assembhes must fall into the acceptable range above the
initial enrichment bumup curve in order to qualify for storage in the DSC. Despite the multiple
verification steps and extensive administrative controls used to asswe selection of qualified irradiated fuel

! - assemblds, enticabty control for a misloaded ana) of unim.diated fuel is maintained by assuring that the
|, DSC is fdled with borated water (21h10 ppm boron) and submerged in a borated water spent fuel pool

(21510 ppm boron) during loadmg and unloadmg operations.

, in the event that unqualified IFAs or uninadiated assemblies aw. erroneously placed in the DSC, the
double contingency principle is applied such that the negative reactivity worth of the (approximately 2000
ppm) soluble boron in the spent fuel pool water (from which the DSC cavity will be fdled initially) is
more than sufficient to maintain k-eff well below 0.95. Analpis shows that the soluble boron provides
sufficient margin to maintain K eff below 0.95 (0.9s under optimum moderator conditions) for 24 new,

-1- 4.0 wt % ennched fuel assembbes loaded into the DSC;

3.1.1.3 Thermal Characteristics

The heat generation is limited to 0.66 ku per fuel assembly. This value is based on storage of 24
; I assemblies per DSC with a nominal bumup of 40.000 N1WD N1T U. an initial enrichment of 4.0 wt %

U 235 and a nominal decay period of tcn years. Other combinations of bumup initial enrichment andi

cooling times may also be acceptable upon further analysis demonstrating acceptable decay heat levels.

|| xR|_
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3.1.1.4 Radiological Characteristics

The DSC is designed for a maximum dose rate of 200 mr/hr at the surface of the top (with temporary
neutron shielding if necessary dunng elding operations) and bottom end shield plugs. The llSM is
designed for an average dose rate of 20 mr hr at the surface of the module dropping down to a negligible
level at the site boundary. Fuel with a maximum bumup of 40,000 MWD MTU, an initial enrichment of
4.0 w o U.235 and a decay of ten years will not exceed these dose values. Other combinations of buruup,
tritial enrichment and cooling times may also be acceptable upon further analysis demonstrating
acceptable radiation dose rate levels.

3.1.2 GENERAL OPERATING FUNCTIONS

3.1.2.1 Overall Functions of the Facility

The Oconee ISFSI is designed to maximize ite use of existing site features and equipment and muumize
the need to add or modify equipment. Th. corage facihty is located away from the existing plant security
boundary such that L separate secunty ' island" is created. T he only senicas required from the station
during the ongoing storage mode will be through security surveillance equipment tied in with the plant
security center. The storage facihty is included in routine daily security patroh. Power supply to the
storage facihty is retail. Other suppert senices fro. the plant are necessary only donng loading (and
unloadmg) operations.

Following periodic delivery of the indisidual D5Cs and construction of the llSMs. the DSC is loaded into
the transfer casi and the two are lowered into the spent fuel pook The DSC transfer cask is loaded with
24 spem fuel assembbes previously selected per entena pren in Section 10.3. " Operational Control and
l_imit Specification" on page 104 Once fuel laadmg is complete, the DSC is fitted with its top end shield
plug and pulled out c.f tht pool. Tne water lesel in the DSC is then lowcred slightly and the top end
shield plug is welded into place. Tiis is followed by further draining and eventual vacuum drying of the
DSC cavity. The cavity is then t>ack-filled with hehum followed by further seal weldmg of both
penetrations. An additional cover plate is welded oser the top end shield plug, the cask lid bohed in place,
and the transfer cask is then lowered to the transfe trailer and rotated to the horizontal position. Tsansfer
from the spent fuel pool receiving area to the ir.iependent storage facility is done with the use ci a ,

separate tractor. The transfer trailer is then careful v abgned with the opening in the llSM to allow the
hydraube ram system to push the DSC out of the transfer cask and irto the llSM. This method utilizes a
rmall penetration at the bottom of the transfer cask to allou access to the DSC through the transfer cast
bottom. A large access door is then lowered and tack welded in place to close oil the llSM access.

The llSMs are constructed on a level reinforced concrete slab designed for normal transfer and storage
conditions and postulated accidents

Once loaded and secured. the passive design of the llSM provides for sufficiem radiation shielding,
tomado missile protection. and decay heat removal capabilities for the stored spent fuel The double seal
welded DSC closure synem together with multi pass welding procedures provide a multiple bamer against
releases of radioactive material.

A more detailed desenption of each SUllOMS 24P system component is provided in the following
subsections.

3.1.2.2 Handling and Transfer Equipment

All components of the NUllOMS-24P system are designed to ir.;erface where necessary with all existing
Oconee fuel handling storage equipment and facihties This includes fuel pool receivmg areas. radwaste

3-4
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systems, overhead cranes, yoke and yoke extension, fuel bandhng bridge and mast, auxiliary hoists, water,
power and gas suppbes, and clearance restnctions.

De additional equipment required to support the operation of the SUllOMS 24P system includes the
DSC, the transfer cask, the tramfer trailer with hydraulic alignment mechanisms, the hydraulic ram
assembly, the llSM and various miscellaneous toch, bds, gauges, hoses. Other equipment necessary to
operate the system include a tractor to be used for moving the transfer trailer to and from the ISFSI, and
a mobile yard crane for raising and lowering the llSM front access door. His equipment is further
described as follows:

1. DSC The DSC serves as the actual confmement vessel for the 24 fue! assembbes during both the
storage mode and transfer operations. Seal welds on the top cud shield plug and cover plate provice
muhiple containment of all radioactive products within or on the surface of the spent fuel assemblies.
The top and bottom shield plugs also provide for biological shielding during DSC weldmg, drying,
and backfdhng, operations, transpan of the fuel aswmbbes, and during all operations performed at the
front end of the llSM

2. 'Iramfer Cask The transfer cask provides for dry transfer of the DSC from the Oconee fuel storage
pool to the storage facihty. The transfer cask utih/es a lead gamma shield and a solid neutron shield
to maintain acceptable surface dose leveh dunng transfer operations. A removable access plate at the
bottom of the cask provides access to the DSC by the hydraulic ram during transfer of the DSC into
or out of the llSM. The cask has a boh on closure lid to keep the DSC in place dunns cask
mosement.1.ift trunniom are provided at the top end of the transfer cask to interface with a ift beam
which will in tum mterface with toe spent fuel pool overhead crane These top hft trunniom together
with bottom trunruons provide cask support on the trailer during transfer operations.

[m) 3. Transfer Trailer The tramfer trailer allows for movement of the entire DSC' transfer cask assembly
z

k/ to the ISFS!. It is designed with a positioning mechanism that moves the cask in the horizontal and
vertical directions to ensure aligmnent with the llSM. Final abgnment accuracy is verified by an
optical abgrunent system.

4. livdraulic Ram - The hydraulic ram assembly is stored and transported on a separate trailer but is
mounted on the ground dunny movement of the DSC into the llSM The ram is aligned with the
bottom access ponal of the honrontally positioned cask and engaged to slowly push the DSC from
the cask into the llSM, A grappling nng on the bottom of the DSC and grapphng arms on the
hydraulic ram allow for eventual retrieval of the DSC using the same operations in reverse.

5. Ilorirontal Storace Module filSMi The llSM provides protection 4r the DSC during the storage
mode and provides suflica biological shielding from the stored spent fuel Passive decay heat
removal results from air entering stuelded air ducts near the bottom of the aructure, passing up .md
around the DSC and pickmg up heat before being exhausted through shielded vents at the top of the
llSM. The llSM design includes a front access 5tted with a carb(m neel door and the couphng
system for mating with the transfer cask The liSM is fitt:d with a set of rails which se:ve as a bearing - ,

surface for movement of the DSC into and cut of the modele and as the pnmary suppo t structure
for the DSC dunng storage.

A more detailed description of these pnmary NE110MS components, including design criteria, is
provided in Chapter 4. " Storage System" ch rag' 4-1-
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Table . 3-li Physical Characteristles of PWR Fuel AssenMies Based on Nominal Design

Array : 15 x 15 =

Maximum Assembly length (including radiation growth and control 173

component) (in.):.-

_
- Weight (ib.) - 1,682

- Numbbr of Fuel Rods 208 r

i

Number of Guide Tubec 16

Number of Instrument Tubes !
. .-

t

_. Fuel Rod length (in.) - 153.69

Active Fuel length (in.) 141.8 144.0

Maximui . Distance between Grid Straps (in.) 21 7/32"'

Note: -"' Grid straps are placed on mtervals of 213/32 i 1/16 inch. Thus the maximum interval is 21
7/32 inch. These tolerances do not accumulate. The spacers in the DSC are two inches wide and the fuel .
grid straps are 1 1/2 inch wide (higher for later zircaloy grid feel). Therefore, fuel assembly support will be .
provided at the grid straps by the DSC spacer discs through tl.e entire tolerance range of 20.97 inches (20

,

31/32)-_. 21.22 inches (217/32). The nominal value of 21,12 used in Revision 1 of the NUllOMS 24P
0- Topical Report (Table 3.12) falls within this range.

-

r

E

-

9

i

.
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blv
3.2 DESIGN CRITERIA FOR ENVIRONMENTAL CONDITIONS AND
NATURAL PHENOMENA

The Oconee ISFSI is designed to perform its intended safety function under normal and extreme
environmental conditions. In general, the structural and mechanical safety criteria of the ISFSI are the
same as or enveloped by the criteria specified in the NUllONIS 24P Topical Report.

Detads of the llSNI lightning protection are contained in Section S 2, " Accidents" on page S-5. Oconee
foundation conditions are described in Section 2.5, " Geology and Seismology" on page 2-43.

3.2.1 TORNADO AND WIND LOADINGS

3.2.1.1 Applicable Design Parameters

The ISFSI was constructed within the existinF boundaries of the Oconee Nuclear Station. As stated in
Section 3.2.1 (Tomado and Wind 12>adings) of Referenct ! on page 3 23, the most severe tomado and
wind loadings specified by NRC Regulatorv Guide 1.76 and NUREG 0500, Section 3.5.1.4, were selected
for design consideration. Herefore, both the llSNI and the transfer cask are designed in accordance with
NRC Regulatory Guide 1.76 and SURFG.0S00, Section 3.5.1.4.

As stated in Section 3,2,1.1 of Reference 1 on page 3-23, " . the maximum wind speed is 360 miles per

b. hour, the rotational speed is 290 miles per hour, the maximum translational speed is 70 miles per hour,
V the radius of the maximum rotational speed is 150 feet, the pressure drop acros: ae tomado is 3.0 psi,

and the rate of pressure drop is 2.0 psi per second."

3.2.1.2 Determination of Forces on Structures

The tomado loading combination used for design of the llSNI is:

y = 1;0 (1.0D + 1.0L + 1.0T + 1.0W + 1.0PJo s

Where y_ = ' required yield strength of the structure

-0= concrete capacit; reduction factor

0= 0.90 for concrete flexure.

0= 0.85 for shear in concrete.

0= 0.90 for axial tension in concrete.

0= 0.70 for tied compression members.

0= 0.90 for fabricated structural steel.

To_= normal operating temperature.

L=- live loads on structure

D= dead loads of structures and equipment

W= stress induced by design tomado wind velocity (drag, lift, and torsion)

|
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.

k_.[ Pr - Stress due to differential pressure

Shape factors will be applied in accordance with ANSI A 58.1 19S2. ;

- 3.2.1.3. Tornado Generated Missiles -

- As described in Section 3.2.1.2 of Reference 1 on page 3 23, the determination o' fimpact forces created by .

Design 11 asis Tomado (D11T) generated missiles for the llSN1 was based on the criteria provided by
t SUREG-0800, Section 3.5.1.4, 111.4, Accordingly, three types of missiles were postulated. The velocity of

' the missiles was conservatively assumed to be 35 per cent of the combined translational and rotationd
,

velocity for the DilT or (0.35)(360), which is 126 miles per hour. For the massive high kinetic energy
'

deformable missile specified in SURFG-0800,-a 3,967 pound automobile with a 20 square foot frontal
area impacting at normal incidence was assumed. For the rigid penetration resistant missile specified, a

#

276 pound, eight inch diameter blunt-nosed armor piercing artillery shell, impacting at normal incidence
E was assumed. For_ the protective barrier impingement missile specified, a one inch diameter solid steel
. sphere was assumed;

The possibility of a tomado' damaging a cask /DSC in transit to the 11S51 is a low probability event. The
' probability of a tomado occurring at the Oconee site and generating a missile that impacts the cask is less
than.1x10' per transfer trip. This is based on site speci'ic tomado frequencies derived from 35 years of.

! National Severe Storm Forecasting Center data and assumes a conservative exposure time to D11T cffects
of 24 hours. Ilowever, the tramfer cask has been evaluated for the tomado wind speed and missiles
specified for the llSM.- The maximum DilT tornado wind speed of 360 mph produces a design pressure

M1 of 304 psfL The 3,967 pound automobile.and 276 pound eight inch diameter shell missiles are aho

| considered. The one inch diameter spherical mis:ile effects are enveloped by the eight inch shell mit sile.

_3.2;1.4" Ability of Structures to Perform

The ISFSI is designed to withstand the design basis tomado wind loads. All components of the ISFSI
.with the exception of the air outle.1 shielding blocks of the liSM are' designed to withstand the tornado
generated missile forces as described in Section 8.2.2 of Reference 1 on page 3 23. The loss of the air

Loutlet shielding blocks is discussed in Section 8 of the' NUllOMS-24P Topical Report. The llSM is
'

anchored to the foundation slab to mitigate _ overtuming and sliding effects using dowel rods of a size and -
spacing consistent with the ilSM wall ' ertical reinforcement,v a

The possibility of total air' inlet and outlet blockage by foreign objects or burial under debris during a-
J tomado event is considered..The effect of facility burial under debris is presented in Section 8.2 of

Reference 1 on page 3-23.

The transfer cask analysis for tornado wind speed and missile effects was performed for the cask secured in
the horizontal position' on the support skid and transfer traile- ae following criteria were used to-

evaluate the adequacy of the transfer cask for the loads described in Section 3.2.1.3, "Tomado Generated :
Missiles."

_li Stability-

2.' Penetration Resistance '-

3iStresses

Lf
~

= The main components of the transfer cask considered in this analysis were the structural shell, and the top-

b4 and bottom cover plates. Since the primary purpose of the solid neutron shield is biological shielding and
since it-is located on the cask exterior, it was conservatively' assumed that the neutron shield wdl be! *

|
7
p

L =3 8
l' !
p 4
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q
f i

V ruptured by a DilT missile strike and therefore was not considered in the structural analysis. A brief
description of the analysis follows.

1, Ra_bihty Analysis

A stability analysis for the transfer cask mounted on the skid' trailer assembly was perfortned for the
wind pressure loads and the massive missile impact.

For the wind pressure loads, the overtuming moment was compared to the stabilizing moment to
determine the factor of safety against overtuming. : A factor of safety of 3.1 was (Jeulated.

For the massive missile impact,it was conservatively assumed that the missile impacts the uppermos:
part of the cask. The angle of rotation (0) of the cask skid trailer arrangement at impact was
calculated as 3.0 degrees assuming a rigid pavement. This calculation was based on the conservation
of angular momentum, and also compared to the angle (O ) necesnry for the cask / skid trailer to tipn
over. Tip-over occurs when the center of gravity of the cask is directly above the point of rotation.
This was calculated as 32.7 degrees. Since 0 < O , tip-over does not occur and the stability of then
caskistid trailer arrangement is maintained.

2. Penetration Analysis

Penetration due to the 276 pound rigid missile was calculated using two formulas obtained from the
literature. The added energy absorbing affect of the neutron shield material was omitted from this
calculation to give a more conservative result The first approach, suggested by Nelms (Refnence 4 on
page 3-23)is for a lead backed shell:

-0,71

KFT= = 0.50 inches
/ s\ 2 4 S D" 'uL ,|

Where: T = Niinimum required steel plate or shell thickness to resist penetration

KE= Kinetic energy = 1|2 mV8

m= Mass of missile = 276 g

80.714 lb. sec ein.=

Velocity of missilev =

2.218 in.!sec.=

k'ltimate strength of cask structural shell = 70,000 psiS =
o

9= Diameter of missile = 8.0 inches

The second formula used was developed by the llallistic Research laboratory (Reference 5 on
page 3 23):

2/3
T = KE = 0.52 inchesCD

Where: KE= Kinetic energy = !!2 mV2 _

Mass of missilem =

8.57 lb. sec.8 ft./=

,m
I
GY'

Velocity of missileV =

3-9

:

.
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V - 184.8 ft./sec.=

D=- Diameter of missile * 8.0 inches

Both methods produce a consistent result which shows a predicted penetration of 0.5 inches
compared to_the mmimum structural shell thickness of 1.5 inches. Therefore the D11T missile will not
penetrate the cask and the DSC will remain intact.

- 3. Stress Analysis
--

Conservative hand calculations were performed to determine the peak stresses in the cask shell, and
the top and bottom cover plates due to DilT loads. A surnmary of the stress results is provided in the
attached Table 342 on page 312. The analytical method for each of the load cases shown'in this

- table is briefly described below,

a. Wind prenure loads: A uniform line load of 2.18 Kips /ft; was applied to the full length of the
cask. The correlation of Roark and Young (Reference 6 on page 3 23) Table 31, Case 9e was

. conservatively used to calculate membrane and bending stresses. The analyses of the three inch
top and two inch bottom cover plates were parformed using Case 10 Table 24 of Roark and
Young. The top cover plate was assumed pinned at the edges while fixed edge supports were
assumed for the bottom cover plate.

b. 51assive N1issile Impact: llased on the conservation of anFular momentum, the total force on
impact was calculated to be 257 kips. This force was applied as a line load to the cask shell and
as a pressure load to the top and bottom cover plates. The analysis method followed that
described above for the wind pressure loads,

L

c. penetration Resistance Niissile: The impact force due to the eight inch diameter, 276 poundi

! b missile was calculated from the conservation of momentum as 63.4 kips. Case 9a, Table 31 of
Reference 6 on page 3 23 was used to calculate the membrane and bending stress for the cask
shell while Cases 16 and 17, Table 24 of Reference 6 on page 3-23 were used to calculate the
stresses in the top and bottom cover plates respectively.

3.2.2 WATER LEVEL (FLOOD) DESIGN

-The grade level of the_ ISFSI is El 825.0. Thi-' elevation.is-ll.9 ft. higher than the calculated maximum
flood water elevation at Oconee due to a postulated breach of the upstream Jocassee Dam (See Section
2.4.5.1, " Flood Protection Nicasures for Oconee Station seismic Class 1 Structures".on page 2 31).^

3.2.3 SElSMIC DESIGN

- 3.2.3.1 Input Criteria .

The maximum horizontal and vertical ground acceleration (N1aximum llypothetical Earthquake , MiiE)
'

specified for the Oconee site is 15g (Reference 3 on page 3 23, Section 2.5.2.8, " Design Response
Spectra" on page 2 219). The Oconee site accelerations are less than the analyzed values of .17g vertical-
and .25g horizontal used for NUllON1S components (Reference 1 on page 3-23) and thus are enveloped 1

<

by the generic NUllONIS analysis.

The Oconee llSNis were designed using the seismic criteria from Reference 1 on page 3 23. As stated in
'3ection 3.2.3 of Reference 1 on page 3-23, "The maximum horizontal ground acceleration component

f. . selected for design of the NyllOSIS 24p was 0.25g. The maximum vertical acceleration component
M selected was two-thirds of the horizontal component which is 0.17g. In order to estaMish the amplification -':

: factor associated with the generic design basis response spectra, various frequency analyses were performed

!
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for the different NUllON1S 24P components and structures. The results of these analyses indicated that -
the dominant lateral frequency for the reinforced concrete ilSN1 was 25 liertz. He corresponding
horizontal seismic accelerat'.on used for design of the llSN1 was 0.32g. Conservatively assuming that the
dominant ilSN1 vertical frequency is also 25 Ilz. produces a vertical seismic design acceleration of 0.22g."

The effects of a seismic event . occurring during the transport of a loaded DSC resting inside the
. NUllON1S 24P transfer cask and secured to the transport skid trailer was postulated. This load case is
conservatively enveloped by the postulated normal transport load accelerations of 0.5g acting in the
venical, axial, and transverse directions, applied simultaneously at the center of gravity of the transfer cask,
as specified in Section 8 of Reference 1 on page 3-23. These accelc;ations envelope those which would
result from a seismic event in the highly unlikely event that a design basis earthquake would occur during
transport of the loaded DSC to or from the llShi.

3.2.3.2 Seismic System Analysis

The stresses in the Oconee llSN1 and the DSC due to the ,15g hoshontal and vertical motion for the
N111E are enveloped by the results of the generic seismic analysis reported in the NUllONIS-24P Topical
Report (Reference 1 on page 3-23). The maximum itSN1 reinforced concrete bending moments and
shear forces in Table 82 3 of Reference 1 on page 3 23 envelope the seismic loads at Oconee.

The foundation of the llSN1 is also designed to withstand the forces generated by the N111E (See Section
2.5.5, "lSFSI Foundation" on page 2 51).

3.2.4 SNOW AND |CE LOADS

The Nt'llO.\1S 24P ' Topical Report specified a postulated live load of 200 poundsft' whichs

conservatively envelopes the maximum snow and ice loads for the Oconee site.

-3.2.5 COMBINED LOAD CRITERIA

1.oad combination criteria established in the NUllON1S 24P Topical Report for the llSN1; DSC and
DSC support assembly meet or envelop the load combinations required by the Oconee 1:SAR Section

: 3.8, " Design of Class 1 Structures" on page 3-99 (Reference 3 on page 3 23).

The llSN1 analyses summarized in Reference 1 on page 3-23 considered combinations of IIShis ranging
from a single stand alone module up to the maximum array size of 2x10. The fmite element models used
in the analyses are applicable to both side by side or back to back arrangements. Ddlerent DSC loading
pattems were analyzed for each size of array to establish the worst case design loadings

The analyses showed that the single llSN1 provides the goveming case for load combinations containing
tomado wind and missile loads, seismic loads and flooding conditions. The postulated failure mode for
each of these cases is sliding or overtumity of the llSN1 unit. The analyses also showed that the thermal'
loads for a 2x10 array control the reinforcement requirements for the walls, roof and foundation mcmbers
for allintermediate array sizes.

Therefore, Reference 1 on page 3 23 presents a design configuration which emelopes the loads from ai

single llSN1 to a 2x10 array.

N
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):
-Vj 3.2.6 - TABLES.-

'

*

,i .
.

- Table - 3-2. Transfer Cask Stress Analpis for Tornado IErets *

Calculated Stressen (Lai) _ ;

Top Hottom.
.

lead Stress Cask Coser Coser Allowable'u
..

lead4

Case - Description Categor) Shell . . Plate Plate Stress (ksi)
'

1. Wind Pressure ' Primary Membrane 0.9 0.0 0.0 -49,0

- 1. cads

' Membrane + 2.9 0.4 - 0.3 . 70.0 .

Bending'

'2' Masshe Missile Primary Membrane 6.4 0.0 0.0 49.0

Membrane + 20.5 19.7 - 17.5 70.0

11cnding ' ,

'

3 Penetration Primary Membrane 4.9 0.fi 0.0 49.0
- - Resistance \lissile

Membrane + - 20 3 13.2 22.2 70.0 - -

Bending .

A'_ . Protective Barrier ; Primary Membrane llounded by Case (3) Above 49.0

Missile

Membrane + 7'J.0 *

. - flending-

..l
.

% ter 4$ervice I esel D Aflownbles are tised.

.

4

7
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x
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v

3.3 SAFETY PROTECTION SYSTEM

3.3.1 GENERAL

The Oconee ISFSI is designed for safe and secure,long-term containment and storage of IFAs. The major
components which assure that the safety objectives are met are listed in Table 3 3 on page 319. The
major procedures which require special design consideration are:

* Double Closure Seal Welds on DSC Ends

. Radiation Exposure During DSC Closure and Drying Operations

. Niinimization of Contamination of DSC Exterior by Pool Water

. Niinumzation of Radiation Exposure DurinF Transfer of the DSC from the Transfer Cask to the
11SN1

These items are addressed in the following subsections.

3.3.2 PROTECTION BY MULTIPLE CONFINEMENT BARRIERS AND
SYSTEMS

3.3.2.1 Confinement Barriers and Systems

\' The Oconee ISI Si design incorporates multiple confinement barriers to ensure there will be no release of
ahborne radioactive efTluent to the environment. The radioactivity whi.-h must be confmed is from the
IFAs themselves and DSC exterior contamination from IFA loading operations in the spent fuel storage
pool. ISFSI multiple radioactivity confinement barriers are listed in Table 3 4 on page 3-20.

DSC exterior contamination is minimized by preventing spent fuel storage pool water from contacting the
DSC exterior, DSC loading procedures (See Section 4.4.1, " loading and Unioading System" on
page 4-21) require that the annulus between the transfer cask and DSC be fuled with demineralized water
and sealed prior to immersion in the p nt fuel pool. Annulus sealing is accomplished by an inflatable seal
between the transfer cask and DSC. The combination of the above operations provides assurance that the
DSC exterior surface has less residual contamination than required for shipping cask externals (i.e.,
10CFR 71.87(i)(1)). A surface swipe of the DSC exterior is taken while is in the cask decontamination

. pit to assure this leTel of contamination is not exceeded.

The annulus seal is an inflatable fabric reinforced elastomeric tube. An automotive type valve stem
permits inflation to approximately 25 psig. This desi n can accommodate the maximum variation in theF

annulus width (.5 to 1.5" at the cask flange). He seal is placed in the annulus and inflated prior to
immersion in the fuel pool. It remains in place at least through the completion of top end shield plug
decontamination. The seal may remain in place until just prior to DSC seal welding. The seal is then
stored for future ur, or discarded if it has become damaged.

The function of the annulus sealis to minimize the potential for DSC and cask contamination during fuel
loading. It is not intended to be a " safety protection system" for the NUllONIS system. The seal provides
an added assurance that minimizes the potential spread of contamination and therefore reduces personnel
radiation exposures. He NUllON1S system will safely function with or without the seal, and as such,its
correct placement and operation are not critical to the safety of 1 e system. In the event that the seal5

should fail, the water filled annulus will minimize the spread of contamination below the top of the DSC.

3-13
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fy
V- Shoukt the DSC surface become contaminated, clean demineralized water will be flushed through the :

DSC/trander cask annulus until surface Smears show that the contamination levels meet Technical
Specification limits.

Transfer cask external contamination will also be controlled to minimize personnel radiation exposure and
potential off site radiological releases during cask handling operations outside the spent fuel pool. 49CFR
171443(d), which govems contamination levels for off site shipment in a closed, exclusive use vehicle, will
be used as a guideline for establishing cask release limits.

s

Containment of radioactive material associated with IFAs is provided by fuel cladding, the stainless steel
DSC body, and double seal welded primary and t.econdary closures. These multiple confinement barriers
assure that any ecidental radioactive releases from stored IFAs to the environment will be ALARA.

3.3.2.2 Ventilation - Offgas'

The ISFSI design limits the temperature history of stored fuel rods, such that no fuel damage vill occur
under design basis conditions. Decay heat dissipation is discussed in Section 1.2.3.2, " Decay lleat
Dissipation" on page 16 of this SAR. ISI Si response to abnormal cooling conditions (i.e. convective air

'

- flow blockage conditions) is provided in Chapter 8, " Accident Analyses" on page 81 of this SAR. There
are no radioactive effluent releases during normal operations. Additionally, there are no credible accidents
which cause releases of radioactive efiluent from the DSC, Therefore, there are no offgas system or
radiological efiluent release monitoring requirements for the ISFSI.

The only offgas concem results from the DSCitransfer cask purge and drying operations. During this

77 operation, th? gases purged from the DSC; transfer cask intemals are directed to the spent fuel storage
('j - facility IIVAC system upstream of the Engineered Safety Feature (FSF) IIEPA, and carbon filter units.

The purged air and helium are. uhimately released from the station unit vent. Potential radiological
effluent releases are monitored by both spent fuel storage facility llVAC and unit vent monitors prior to
release. This is the same method and ystem currently utilized for spent fuel shipping cask operations.

3.3.3 PROTECTION BY EQUIPMENT AND INSTRUMENTATION SELECTION

3.3.3.1 Equipment --

-1 LThe transfer ca k and DSC are the only equipment considered safety related during normal and
1 - off normas gaadons. The llSNI is not safety related. llowever, the functions of the 11S51 are .

1- considered important to the safe operation of the ISFSI and therefore the llSN1 is designed, constructed,'

1 and tested in accordance with the Duke QA-2 Quality Assurance Program. The design criteria for all
_ equipment comprising the ISFSI that is classified to be important to safety are summarized in Sectit 3.4,

fSummary of Storage System Design Criteria" on page 3 21 of this SAR. Design code standards for
ISFSI components are summarized in Table 3-5 on page 920.

The design criteria for the NUllONIS reinforced concrete llSN1 including its foundation and DSC support .
structure, the DSC and its intemal basket assembly, and the transfer cask are provided in Section 3.2c
" Design Criteria for Emironmental Conditions and Natural Phenomena" on page 3 7 and summarized in
Tables 3.2-1 through 3.2-9 of Reference 1 on page 3-23.

The Oconee lifting beams used for movement of the transfer cask within the fuel building are designed
. and procured as components important to safety. The lifting beams used in that part of the operation are

controlled by 10CFR Part 50 and Nt' REG 0612 and are designed to ANSI 14.6-19S6 criteria for
!- V- nonredundant yokes.

3 14 REY:(30 JUNE 1991)
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The vacuum drying system ' described in Section 4.7.3 of Reference 1 on page 3 23 is not safety related.
'

Failure of any pan .of this system can only result in a delay of operations,' and not in a hazardous
situation to the public or operating personnel. The welding materials required to make the closure welds
on the DSC top end shield plug and top cover plate are purchased to the same ASME Code criteria as
the DSC (Section NB Class 2). The actual equipment used for making the closure welds is purchased in
accordance with standard industry codes such as ANSI, AWS and AISC.

As noted in Section 4.5.5, " Transfer Components" on page 4 32 of this SAR, all other components of
the NUllOMS system, including the transfer cask skid, skid positioning system, and hydraulic ram system
are required to perform their function to successfully transfer a DSC to and from the llSM, These systems i

are described in Reference 1 on page 3 23 with the design requirements further delineated in Chapter 4,
'' Storage System" on page 41 of this SAR. Ilow ever, the failure of any of this equipment may cause
additional operational effort but will not endanger .he health and safety of the public or plant personnel.
Therefore, these transfer compor>ents are not co: sidered to be imponant to safety and are therefore

_

designed, constructed, and tested in accordance witt. accepted industry standards.

In addition, the transfer cask, ilSM, and DSC have been designed to meet very conservative design
criteria including postulated conditions which envelop those which may reruit from the mechanistic failure
of the transfer system equipment.' Design conditions such as cask drop accident .md jammed DSC have
been included even though there is no plausible way for these worst case events to occur. Conservative

- bounding analysis for these condition have been performed using minimum material yield strengths,-

strength reduction factors, and factors of safety in accordance with the stringent requirements of the
ASME and ACI Codes. Fren when applying this conservative criteria considerable design margin for
these components and structures remains as evidenced by the analysis results comparisons with acceptance

O - criteria contained in' Reference 1 on page 3 23. Further, these components and structures are fabricated'

.

and constructed to_ the rigorous standards and methods of the ASME and ACI Codes under a 10CFR 50
Appendix B Quality Assurance Program. 'Ihese include material qualification, weldmg and nondestructive
examination, and strict surveillance and quality control inspection. The resulting high integrity of the

- Transfer Cask, DSC, and ilSM provide more than adequate assurance that the health and safety of the
public and plant personnel are protected.

3.3.3.2 Instrumentation

.The Oconee ISFS1 is designed to maintain a safe and secure, long-term containment and storage
environment _ for IFAs using only- totally passive components. Therefore, no safety related
instrumentation is required for operation of the facility.

3.3.4 NUCLEAR CRITICALITY SAFETY

3.3.4.1 Control Methods for Prevention of Criticality
,

A combination- of DSC fuel basket design and station administrative- procedures assure subcritical
- conditions exist a' all times. DSC fuel basket material properties and geometry are estabhshed to assure
suberiticality assuming a full loading of IFAs with a specified minimum bumup that encompasses the
majority of the available spent fuel inventory at Oconee. Oconee admimstrative procedures assure that
only qualified IFAs are loaded for storage in a DSC and that a minimum soluble boron concentration of-
1810 ppm is maintained within the DSC basket cavity during underwater loading! unloading operations.

I IFA qualification for storage in a DSC is determined based on initial enrichment, bumup history and
| post-irradiation cooling time as govemed by Oconee ISFSI Technical Specifications.

IFA qualification requirements are provided in Section 10.2.5, " Administrative Controls" on page 10-6 on
Administrative Controls. Using special nuclear materials control and accountability (SNMCA) records

'

3-15

|

b
_ _ . _ . - -



,. -_- -- _ . .

3.3 Safety Protection System Oconee ISFSI Safety Analysis Report

(Ow) and the bumup results from the Oconee Operator Aided Computer, the specific data needed to
characterize any given spent fuel assembly can be gathered. This includes the initial enrichment, discharge
bumup, cladding defects fi any), current storage location, and cumulative cooling time since reactor
discharge. After verifying that all the spent fuel specifications of Reference 2 on page 1011 are met,
documentation of indnid 2a1 fuel qualifications will be transmitted to fuel nandhng personnel. Oconee
administrative procedurcs will require receipt of this qualification documentation, end independent
verification of fuel assembly identificatico numbers prior to loading a given assembly into the DSC. In
addition, all assembly serial numbers will be checked following the complete loading of 24 assemblies into
the DSC.

The Oconee ISFSI Technical Speciications which govern IFA qualification for storage are given in
Reference 2 on page 10-11. The administrative procedures outtmed above will be used to ensure that the
requirements for fuel qualification are met.

IFA quallication criteria do not include a specification on axial burnup distribution. The axial bumup
profile used 3 analping the nonuniform axial bumur reactivity efTects on fully loaded DSC spent fuel
storage arrays is considered worst case based on a comprehensive review of axial bumup profiles generated
by the EPRl NODF computer program (reference Section 3.3.4.3 of Reference 1 on page 3 23).
Although some individual IFAs may not be enveloped by the worst case axial bumup profile considered,
the conservative treatment of nonuniform axial bumup in the Reference 1 on page 3-23 analysis and the
averaging effects ofloading up to 24 qualified II As per DSC provide adequate assurance that the K eff of
any loaded DSC configuration will not exceed the worst case value presented in Reference 1 on
page 3 23.

O Criticality analyses applicable to Oconee have been perfonned which demonstrate that suberiticahty is

V maintained within appropriate safety marpns under the worst conditions. Worst case conditions analyzed
include fuel misload events and optirnum moderation effects on reactivity. A boundmg ofI-normal case of
24 misloaded unitradiat.d new fuel assemblics with a 4% U 235 initial enrichment combined with the
reactivity effects of optimum moderation has been analyzed. A minimum fuel pool water boron
concentration of 1810 ppm is assumed in the off-normal case calculations. Criticality analysis details are
provided in Section 3.3.4 of Reference 1 on page 3-23.

3.3.4.2 Error Contingency Criteria

The design basis for preventing criticality in ISFSI spent fuel storage operations is taken from American
National Standard Design Requirements for 1.ight Water Reactor Spent Fuel Storage Facilities at Nuclear
Power Plants, ANSI'ANS-57.2 19S3. ANSI ANS 57.2-1983 requires a demonstrated margin of
suberiticality of 20.05 AK under all credible conditions except under certain extreme off normal
conditions where a 20.02 AK suberitical margin may be justified. Additionally, ANSl' ANS-57.21983
requires all uncertainties be in:luded in the final calculated Km value at 95 95 tolerance limits. See
Section 3.3.4 of Reference 1 on page 3-23 for details on how these criteria are applied in demonstrating
ISFSI criticality safety.

3.3.4.3 Verification Analysis

The analysis method which ensures ISFSI criticality safety uses the Criticality Analysis Sequence No. 2
-(CSAS2) and the 123GROUPGNITil master cross-section library included in the SCALF-3 system of
codes (Reference 2 on page 3-23). CSAS2 consists of two cross-section processing codes (SITAWL and
BONANil), a 1-D transport code for cell-weighting cross-section data (XSDRSP.\1), and a 3 D

m monte-carlo code (KENO-IV; for calculating the eflective multiplication factor for a system.
Iv\
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V in CSAS2. calculations invohing the zero bumup intercept point, cron section processing and cell
weighting of cross sections was performed assuming fresh fuel. For CSAS2 calculations involving
irradiated fuel, cross section processinF and cell weighting . cross sections was perfonned assuming
inadiated fuel actinide and fission product isetopics.

Irradiated fuel fissile nuclide number density data was obtained from CASN104 (Reference 4 on
page 3 23) calculations and input to the CSAS2 criticality code sequence (reference Section 3.3.4.2 of
Reference 1 on page 3 23). The CASN10 2 lattice physics code has been used extensively in reactor
physics calculations. Its ability to accurately predict fissile nuclide depletion and generation as well as
neutron multiplication is well established in benchmark calculations (References 5 and 6 on page 3 23)
and through its successful application in numerous licensed reactor physics and core reload design
calculations.

The Shielding Anal sis Sequence No. 2 (SAS2) included in the SCAL E 3 package of codes was used to3

develop inadiattd fuel fission product number density data for input to CSAS2. SAS2 is an industry
recognized code which employs ORIGESS to perfonn fuel burnup, depletion and decay calculations.

A set of 40 critical experiments have been analyzed using the CSAS2tl23GROUPGN1Til reactivity
calculation method to demonstrate its applicability to criticality analysis and to establish rnethod bias and
variabihty. The experiments analyzed represent a diverse group of water moderated. heterogeneous oxide
fuel arrays separated by various materials (stainless steel, lloral, water, etc.) that are representative of
IKR shipping and storage conditions. The method bias and uncenainty applied in the calculation of the
final K-eff result is based on CSAS2il23GROUPNITil calculated results for the set of 40 critical
experiments summarized in Table 3.3-6 of Reference 1 on page 3-23. All 40 critical experiments included

e in the method benchmark are similar 'o zero bumup nominal case flooded DSC conditions in that all are

! water moderated, low enrichment heterogeneous CO2 systems. Additional benchmark calculations were
' performed to demonstrate that the irradiated fuel enticality,equhalence method used is conservative when

compared to the method bias basis 002 benchmark results (i.e., Reference 1 on page 3 23 Table 3.3 6
results). CSAS2'123GROUPGNITil benchmark results for systems containing Pu02 UO2 mixed oxide
fuel pins are provided in Table 3.3 7 of Reference 1 on page 3-23.13enchmark data representative of
irradiated fuel as-mblies was obtained from the results of CASN10 2 infinite lattice criticality calculations;
the results of benchmark comparisons between CASN10 2 and CSAS2 CASN102 SAS: calculated K inf
values are provided in Table 3.3-8 of Reference 1 on page 3 23. Inspection of the bencht,. rk reaults
provided in Reference 1 on page 3-23 Table 3.3-7 and 3.3 8 demonstrates that the criticality. equivalence
method used conservatively overpredicts K-eff for systems containing plutonium or irradiated fuel of the
type proposed for Oconee ISFSI storage.

Further details on the analysis method and the ISFSI verification analysis are provided in Section 3.3.4 of
Reference 1 on page 3 23.

3.3.5 RADIOLOGICAL PROTECTION

The Oconee ISFSI is designed to maintain onsite and offsite doses AIARA during loading operations and
long-term storage conditions. ISFSI loading procedures, shiciding design, and access controls provide the
necessary radiological protection to assure radiological exposures to station persormel and the public will
be maintained Al ARA. Funher details on collective onsite and offsite doses resulting from ISFSI
operations and the ISFSI ALARA evaluation are provided in Chapter 7, " Radiation Protection" on
page 7-1 of this SAR.

O Access to the spent fuel assemblies stored in the ISFSI is restricted by a security fence, and the thick walls

,Q' and heavy door of the llorizontal StoraFe N1odule. Since there are no active systems in the storage
module, there is no need for continuous monitoring of conditions. Approp-iate nonitoring will be
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/ i. :

""/ performed prior to loading or unloading Dry Storage Canisters inside the ISFSI fence. Appropriate
!

monitors are in place inside the station to provide warning of radiation hazards while DSC loading and
cask handling operations are P ormed in the fuel building and loading area. During transport, thef

- transfer cask will be rnonitored to assure no danger to the health of the public or station personnel. ,

'3.3.6- FIRE- AND EXPLOSION PROTECTION

The ISFSI IISN1 and DSC contain no flammable material and the concrete and steel used for their
fabrication can withstand any credible fire hazard. There is no fixed fire suppression system within the

1 boundaries of the ISFSl; however, portable suppression equipment is provided within the fenced
boundary, Also, the facility is located such that the station fire brigade can respond to any fire emergency '

'

using portable fire suppression equipment or the rite's Fire Protection System, as described in Section
9.5.1," Fire Protection System" on page 9107 of the Oconee FSAR.

4

ISFSI initiated explosions _ are not considered credible since no explosive rnaterials are present in the
*

fission product or cover gases. Externally initiced explosions are considered to be bounded by the design
' basis tomado generated missile load analysis p:esented in Section 3.2, " Design Criteria for Environmental

Conditions and Satural Phenomena" on page 3 7 of this SAR and Reference 1 on page 3 23,

3.3J MATERIALS HANDLING AND STORAGE

hlajor ISFSl_ materials handling and storage requirements include irradiated fael and radioactive waste
'

r _

handling and storage. No hazardous chemicals or chemical reactions are involved in the normal ISFSI

p1 loading and storage processes.

V- All irradiated fuel handling outside the fuel stora pool is perfom cd with the fuel assemblies enclosed in
a' DSC DSC handling equipment and handling procedures are described in detail in Citapter 4, " Storage

- System" oc mge 4-1 and Chapter 5, " Storage System Operations" on page 5-1 of this SAR, respectively.

Radioaa a generation, treatment and disposal is addressed in Chapter 6, " Waste Management" on
page b-1 SARt

The' design criteria for handling spent fuel outside the pool area is to keep the fuel enclosed in the DSC
and the Tn usfer Cask ur llSM at all times. There is no waste generation outside the fuel building for
normal OSC transfer operations. Waste generated in loading and decontaminating the cask is handled by

,

existing Oconee waste systems in the pool and decontaminagon areas. ;

JThe canister / cask design is such that fuel hudling in the pool area is unchanged from normal fuel
handling procedures. Specific criteria for selecting fuel assemblies for storage are detailed in Reference 2 on
page 10-11. IFAs are selected to meet design criticality, cooling and radiation protection parameters. Once
the assemblies are loaded into the DSC, there is no individual assembly handling. Thus, the only fuel
handling procedures are those already in existence for the pool and the administrative criteria for selecting -

: assemblies for storage, Damaged fuel assemblies are not normally considered for storage and would be
handled according to existing pool procedures :.n the event damage -occurred during DSC loading or-

,

unloading in the pool. (Fuel damage in the context of this discussion represents gross clad or structural
failure and does not include pin hole clad leaks.) Fuel handling operations will be moni'ored with exi ting
pool area monitors.

All radirac' rive waste generation is from cask decontamination and consists of liquid waste which is inputn
1 into_ the cask decontammation pit drain and thus into the existing plant liquid radwaste system and solid

waste which is collected for disposal via the existing plant radwaste facility.
|
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3.3.8 TABLES

'I abic .V3. Onmi<. Isihl Slalor Compinents and l' unctions

. 'lransiet Cask On6te ll'A 'lraraport Shieldtng

Dry Storage Canister (DNCJ Criticality Control, ll:A Support, Cover Gas*

Containment, l# adioactive Niaterial Confmernent,

I ",I " y; ["' Shiehling (ltad Plugo""
3

Support Itodi
1:ci Shield I' lugs
DSC llody
1.nd Cover Plates

llorizontal Storege $1odule (115N1) Shielding, DSC Support, DSC lornado Niinilea

'"*"I""' """ EConuete Shielding
DSC Support Anembly

i oundation 11%%1 | oundation Supporte

'l rans!et Components 'lramfer Cask N1ovement,1)SC 'lransfersa

11ansfer 'l railer
lhdraulic f(am Trailer
Optical Alignment System

1

.V l9
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2.3 Safety Prointi<m Splem Onew ISI'SI Safety Analpis Reguirl

,7,
! \

\'"J .L4. Onoce ISI'SI Radioacilir hinterial Ctefhement lirrrieraTable '

Radionettilty Source Confinernent llarriers

* Contaminated Spent 1:ud Stoinge l'ool Water 1. Demineralind Water in Dscrlransfer Cask
Annulus

2. !nflatable Annulus seal between DSC and
Transfer Cask

inaJiaud 1:uel and 1 inden Gases 1.1 uel Claddinge

2. DSC llodi

| 3. Seal Wdded Primary Closure (' lop i nd
! Shield l'iup)

4. Seal Welded Secondary Closure
.

-

Table 3-5. Oconec ISI SI .%1:4)or Comiuments and thsign Haquirernents

item thsign Omle Design Criteria

Transfer Ca'.k ASN11: Section ill Clan 2 Prnented in itef,3.1, Section
32.55

DSC ASN11 Section til Class 1 Prnented in Itt f. 3.1, Section
3.2.5.2

/,

t., llSN1 Including l'oundation and ACI 349 h5 Prnented in itef. 3.1, Section

DSC Support Structure ACI 3th 83 3.2.5.1'

AISC

'Iransfer Trailer and Skid Industry Standards"' Itef. 3.1, Section 1.3.l A and
1.3.1.5

Ilydraulic Itam industry Standards"' Itef, 3.1, Section 1.3.1.6

Cask 1.ifting Desien AS$111 Section 111, Nonc required at ilSN1 site.
Subsection NI l'uel bldg. hits controlled by

10CI'It Part 50 criteria.

IISN1 Site Eler':is.; Power NI:c, N!!N1 A, Sl:PA Itequired for DSC transfer
operations only.

Note:

1. See Sections 1.3, " General Sptems Desenptions" on page 1 11 and 3.1,2.2, "llandling and Transfer
!!quipment" on page 3 4 of this Salt.

2. See Section 51," Operation Description" on page 5 3 of this Salt.

,
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3A. SUMMARY OF STORAGE SYSTEM DESIGN CRITERIA

1. REITRENCE SPENT FUEL CllARACTERISTICS .

af th15 PWR Assemblies (24 Per Module /DSC)

b. Decay lleat = .66 KW Per Assembly !

c. Nominal Ilumup = 40,000 0WitMTU
,

d. Initiallinrichment = 4.0 weight % U.235

c. Equivalent Zero !!umup Enrichment s145 weigid % U 235 (criticality)

2 COMPONENT 1: UNCTIONS .

- . a. DSC Provides I:uel Support, Und Shielding, lleat Transfer, Criticality Control, and Confmement
- of covel gas and Radioactive Material. ;

b. iransfer Cast Provides Shielding. DSC loading, llandling and ' transfer Mechanism, llSM
Docking l' unctions, and Tornado Wind and Missile Protection.

cf IISM Providen Shielding. Preive Decay lleat Removal, Structural'Scismic DSC Suppntt and
Environmental Protection, including Tomado Wind and Missile Protection.

d. llydraulic Ram Sptem Provides Mechanism for DSC Transfer 1 rom Transfer Cask to llSM and
eventual removal of D$C from llSM.

3, ENYlRONMENTAl> CONDITIONS .

a. Maximum Tomado: :

1) wind speed = 360 miles per hour

2) rotational speed = 290 miles per hour -

3) translational speed = 70 miles per hout -

4) pressure drop across the tomado = 3.0 psi

|
5) rate of pressure drop = 2.0 psi per second

'
b. Tornado Missiles @ 35% of the Combined translational and rotational DilT vebcity = 126 ~'

miles per hour.

1- 1) 3967 pound automobile with a 20 square foot frontal area
. ,

2) 276 pound, cipht inch diameter blunt nosed annor piercing artillery shell

3) one inch diameter solid steel sphere

l c, Flood Design: Not Applicable
,

- d. Seismie Forces = .17g Vertical, .25g llorizontal(NU110MS componems)

15g Vertical.15g llorizontal(Oconee site conditions)=

|
| e. Snow lee loads = 200 Pounds Per Square Foot

4 SAFETY PROTECTION -r
-1 a. Normal Operating Clad Temperature s 340'C

Ib. Material Confinement . Multiple !!arrier Concept
>

. 3-21
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3.4 Summary of Storage Spiem thWgn Criteria Onmee ISI'SI Safety Annipls Negert

\ c. Putred panes . Paned 'throurji Spent l'url l'ool Vertilation Sptein During l'uct loading
Otherwi e Not Applicable,

'

d. Criticality Control 11aough flurnup Credit and 1610 ppm Soluble lloron Credit K,n < 0.95,

Ken < 0.9h (ofi normal)

|
!

|
1

|

|

|
|

l

|
|

O

.
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Orant ISI'S! Safety Analpis Heport Chapter 4. Storage Splem

CHAPTER 4. STORAGE SYSTEM

1he Oconee ISI:SI is located within the existing Owner Controlled Area on the Oconer Nuclear Station
site.1he storage area is located west of the existing intake stmeture. Iigure 41 on page 4 5 depicts the
site layout in relation to other plant features and defines the omite toute that the transfer cask and trailer
will travel in moving loaded 5torage canisters from the Fuel fluildmps to the Isl:SI.

The Oconee ISFSI utilizes the NUllON1S 24P storage system which pimides for the horizontal, dry
storage of inadiated nt.. lear fuel assembbes. The fuel assemblies are contained in a DSC made of stainless
steel which is placed inside a reinforced concrete ilSN1 for long tenn storage.

la addition to the DSC and llSN1, the NUllON1S 24P system utilizes handling and transfer equipment to
load the DSC with fuel, to seal the DSC, to move the loaded DSC inside a heavily shielded transfer cask
from the fuel fluilding to the llSN1 and to insert the DSC into the llSN1. 'lhe DSC is designtd to hold
24 PWR fuel assembbes.1he margira of safety in the structural design of the llSN1, DSC, and transfer
cask are more fully desenbed in Section h lables h.1 and h.2 of Reference 1 on page 4 37. Additional
infonnation for the handling and transfer equipment is presented in Section 4 $ 5 " Transfer Components"
on page 4 32.

The fuel assembbes to be stored are described in Section 3.1.1, "Ntaterial to be Stored" on page 3 3. The
dose to the general public from the operation of the 151:S1 is far below the allowable dose limits as set by
regulation. listimates of the annual dose rates are provided in Seenon 7.7, "listimated OlbSite Collective ,

'

Doses" on page 7 33.

t

1 It should be noted thai the Oconee ISI Si is licemed for the storage of as many as 2112 assemblies; this'

storage capacity will be added incrementally as needed to support the actual ~ fueling schedules. IISN1s
and foundation have been designed to be built in any array site no smaller than 2x3 (three modules side
by side and back to back with three additional modules) and no larger than 2x10 (Ten modules side by
side and back to back with ten additional modules).

1he ISI Si system is designed to interface with existing plant equipment and systems. Roadways, buried
pipes, trenches, and positioning aprons were verified to be acceptable for the wheel loadings of the transfer
vehicle. Oconee Nuclear Station asphalt roadway were verified as meeting the design minimum thickness
requirements of the American Association of State liighway and Transportation Oflicials as specified for
loading comparable to the ISI Si transfer vehicle. Approximately M buried pipes and oves 26 drain lines
were analyzed and verified acceptable according to the applicable codes for each piping materid. All
interficing trench sptems were analyzed for transfer vehicle loadings. These include the 115 KY,230 KY,
525 KY, Radwaste and Interim Radwuste, and the Standby Shutdown Facility trenches. Necessary
modifications to these trenches will be completed prior to the transit of the ISFSI transfer vehicle.

'

The site and weight of the transfet cask, DSC, and crane hook lift adapter are acceptable within the
current design limits of the crane, cask handling area, and transfer cask positioning aprons of the spent
fuel poob. Design features employed to witHtand environmental and accident forces are detailed in
Chapter 3. " Principal Design Criteria" on pa) cud Chapter S. " Accident Analyses" on page 81 of

- - > safety and are designed, constructed, and tested perthis SAR. The DSC and transfer cask are imt
Duke's QA 1 program that is more fully des, Chapter 11, " Quality Assurance" on page 11 1. The
liSN1 is designed, constructed and inspected i dance with Duke's QA condition 2 program.

O The llSN1 is designed in accordance with the requirements of ACI 34945 as discussed in Section 3.2.5.1
of Reference 1 on page 137. ihe llSN1 is constructed following the guidelines of ACI 31643 as discussed

|

in Section 4.2.1 of Reference 1 on page 4 37. The DSC and transfer cask are designed and built in'
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(V accordance with the AShili Code 1983 edition through Winter 19k5 addenda. In addition this equipment
will comply with the following: ANSI N 14h1978, American National Standard for Special lifting
ikvice for Sidpping Containers Weighting 10,000 lbs. or Store for Suelear hinterials; ANSI /ANS
$7.9 1954, Design Criteria for An Independent Spent 1 uel htorage Installation (Dry Storage Type);
ASTH 1 E499 73, Standard hiethods of Testing for leaks Using the hian Spectrometer leak Ikirctor in
the Detector probe Afode.

,/,
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IV)
*

4.1 LOCATION AND LAYOUT

1he location and layout of the norage site with respect to other site structura is shown in 1igure 41 on
page 4 5. 'lhis figure also denotes the transportation route for movement of the DSCs from the spent fuel
pool to the llSN1s.

If, during the transfer of a DSC from the fuel building to a llSN1, an evcut requuir.g retum to the fuel
handling buildmg occurred inside the Oconee Nuclear Station protected area fence, the tractor trailer
could either continue on around the east side of the Turbine lluilding and retum to the fuel building 01,if
it is close to the fuel building,it could rnerse to return.

1 rom the point where it leaves the Oconce Nuclear Station protected area until the point where it reaches
the rarnp leadmg up to the ISI SI, the tractor trailer has suflicient space to tum around as needed.

Once it is on the access ramp leading to the ISl'SI, the tractor trailer would have to continue to the ISI SI
site in order to turn around.

The transport route has been reviewed and found to be within the design basis of the cask drop analysis
discussed it Section 8.2 of Reference 1 on page 4 37 'the potential causes for cask and DSC drop
acddents are described in Section 6.2.5.1 of Refstence 1 on page 4 37. 'lhe emeloping postulated drop
events assumed for design are:

m

( l. A horizontal side drop or slap down from a height of 80 inches.
* 2. A venical end drop from a height of h0 inches onto the top or bottom of the transfer cast.

3. A wmer drop from a height of h0 inees at an angle of 3W to the horironial, onto the top or bottom
comer of the transfer cask.

These drop scenarios were used to define an (quivalent static deceleration load of 75g for cases (a) and (b)
and 25g for the comer drop (case (en As described in Reference 1 on page 4 37, these deceleration values
were developed for assumed surface conditions which will envelop all Oconer site conditions which may
be encountered. Specifically, these decelerations are based on the work contained in 1:PRI report NP-4830
and are applicable to impacted surfaces with target hardness numbers up to 400,000. 'lhe matimum target
hardness along the Oconee transfer route is 2750 for an edge drop scenario.

The transfer cask route from the fuel buildings to the llSM was evaluated to ensure that the maximam
transfer cask drop height of 80 inches is not exceeded. The nominal travel height of the transfer trailer
deck is 41 inches which corresponds to a cask drop height of 59 inches. During transit from the fuel
building to the llSM site, the trailer deck will be automatically leveled by the trailer's hydraulic
suspemion units The maximum design travel for these units can raise the trailer deck height to 52 inches
which correspcmds to a drop height of 70 inches. Mechanical stops attached to each suspension unit
cylinder ensure that the cask cannot be lihed to a height greater than 70 inches above the ground.
Therefore, since the Oconee target hardness and matimum potential cask drop height are less than the
values presented in Reference 1 on page 4-37, the deceleration values presented in Reference 1 on
page 4 37 envelop all Oconee site conditions.

| The site area will be sloped appropriately to permit surface drainage to collection ditches for channelling
| ,] the water away from the site. As noted in Section 2.4, "llydrologic Engineering" on page 2 27, the site is

Q 11.0 feet above the probable maximum flood elevation. local intense rainfall is not a problem since the
inlet air opening is 24 in. above yard grade, There is a small drainage pipe passing through the llSM front

4-3
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I )v' wall into the plenum area. ~lhe base slab of the plenum area is sloped towards this drainare pipe.
Additionally, the concerte approach apron is sloped away from the lisN1 front wall. During a local |

'

intense rain, it is remotely possible that some rainwater may backup into the llSN1 plenum area
temporanly, but this water wdl drain out of the llSN1 soon af ter the intense rain subsides. Therefore, due
to surf ace drainage, rain water will not collect to a depth of any concem.
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i

!

4.2 STORAGE SITE ;

'lhe design bases covedng the analpis and design procedures for thc appropriate loadings are rpecified in
Chapter 3, " Principal Design Criteria" on page 31 cf this report and in lieference i on page 4 37 for the
llSN1, DSC, transfer cask and transfer trailer.1he foundation design includes allowances An :smie loads.
~lhe ground accelerations are from the site ground motiom specified in Chapter 2, " Site Charactens"
on page 21. 1.iquefaction potential for the ISI Si site is discused in Section 2.5, " Geology and
SeismoloFy" on page 2 43, liased on the soil investigations and using an equivalent static methodology
to account for dynamic eficcts, spring stdieners are detennined representing the force deflection
relationship of the und:rlying soil.1his infonnation is utilized as input to the structural model described
in iteference 1 on page 4 37 to detennine settlement ellects. See Section 2.5,4, " Subsurface Staterials" on |

page 2 50 for details of the foundation analysis. Temporary loadings from the extreme emironmental
cases (Chapter 3, " Principal Design Criteria" on page 31) and accident conditions (Chapter 8 " Accident
Analyses" on page 61) have been reviewed and are acceptable.

4.2.1 STRUCTURES

1he 'llSN1 design bases, materials of construction, codes and standards, etc. are fully described in ,

Reference 1 on page 4-37.1he 115%1 foundation requirements are discussed in Section 2.5.5. "lSI'S1
n

l'oundation" on page 2 51 lhe concrete approach aprons will not be attached to the llNN1 but will be
*

separated by an expansion joint. Dil1~erential settlement between the slab and the 11S.\1 is not anticipated
to be a problern.

| 1he' approach aprom are si/cd for bearing pressures using the same allowable and ultimate pressures as
' used for the lisN1 as discussed in section 2.5.5, "181 SI I:oundation" on page 2 514 Settlement of the

approach aprons will be minimal since they are nonnally unloaded. In addition, the transfer trailer has
jacks used in vertically positioning the cask for- DSC insertion into the llSN1.1he trailer leveling
procedure will compensate for any differential settlement that may occur between the USN1 and the

- concrete approach aprom. Outlying areas are concrete or asphalt to provide the space required for tramfer
trailer maneuveis.

| -4.2.2 STORAGE SITE LAYOUT

l'igure 4 2 on page 4-9 depicts the site layout and its functional features.
,

4.2.3 HSM DESCRIPTION

1he llSN1 is constructed of reinforced concrete and structural steel. The 11Shis are placed in senice on a
load bearing foundation which is within a fenced. controlled access area. ,

lhe 11S51 provides the structural support for the DSC as well as protection against tornado missiles plus
neutron and gamma shielding.1he exterior walls fonn an array of modules ar-1 the front and roof of the
modules are sufliciently thick to provide average surface doses that are below 20 :nt;hr.

'

The llSN1 prmides fuel cooling by a combination of radiation, conduction and convection. Natural '
circulation air flow enters at the bottom of the llSN1 and passes around the DSC and exits through the
flow channels in the top shield slab.

1

-
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p
(_ / 'lhe design of the llSN1 system includes consideration of both normal and oil nonnal operating

conditions including a range of credible and hypothetical accidents. 'lhe llSN1 design and analysis were
performed in accordance with Chapter 3, " Principal Design Critena" on page 31 and Chapter 8,
" Accident Analpes" on page 81 of this SAll and 1(eference 1 on page 4 37

'lhe design criteria for the opcrational and accident conditions fall into three main categories; stn etural,
nuclear and thennal hydraube. Iteference 1 on page 4.17 describes in detail the analysis ,. these
accidents.1he bounding structural loading combinations include thennal, carthquake, tunalo and cask
drop accidentt 1:or the nuclear analpes, shielding of the DSC cnd shield plugs, the llNNI walls and |

p:netrations, and the cnticality analyses were prirnary considerationt 'lhe thennal hydraulic enteria ,

Iassures adequate air flow inside the module, acceptable air and concrete temperatures as well as DSC and
fuel clad temperatures.

4.2.4 INSTRUMENTATION SYSTEM DESCRIPTION

'ihe Oconce ISl~SI is designed to maintain a safe and secure, long term contamment and storage
envirotunent for ll: As using only totally passis e cornponent.. 'lherefort, no safety related
instrumentation is required for operation of the facility.

Instrumentation is neccuary to peris r:n the DSC transfer cask draining purging, and drying operationt
This instrumentation consi 's of commercul grade pressure gauges. 'I he functions served by prer.sure
instrumentation in the DSC loading procedure are discuned in Chapter 5, " Storage Systern Dperations"
on page 5-1 of this Salt.

O 1(adiation monitoring is provided b) existing statio:t area, and process effluent tr.anitors. 'lhe station
d radiation monitoring system is described in Oconee iNAll (Chapter i1, "Itadioactive Waste

Slanagement" on page 11 1)

Q(h
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4.3 TRM.SFER SYSTEM <
-,

'

4.3.1 - FUNCTION

lhe function of the transfer sptem is to transfer the DSC containing irraditted foC assemblies to and ,

!
'

; from the 1101.
.

M c 4.3.2 COMPONENTS
it

1he transport system consists of the transfer cask, DSC. transfer cask skid, transfes trailer ' skid poshat.ing;" p
-. spum and hydraulic ram.

,4.3.2.1 Transfer Cat,k ,

4

1he transf::: cask is uwd to transfer the loaded DSC to and from tbn ilGM 'the tusk provides shielding
along the axial length of the fuel during transfer, loading and retrieul opstiot.s. A de iption of the

1 t ansfer ersk i$ provided in Reference 1 on page 4 37. I or Oconec, tio (2) hard $ttfac,d i d5 were added . ' e

I to the enhance cask slidtng characteristics and the liquid. neutron Wcld fenenbed in Reference ,I on
pagt 4 37 has been replaced by a solid neutron shield comprised cf Ititin NS 3 which is a cementatious -

material cast in plaec in the neuttor, shield jacket.1he drain and fdl p. rts, as well as tit expansion tank,
>

,

which are needed for the liquid neutron shield have been dehted.To ensure thd ufgassing or vapor ,
;

(
expansion will not result in overpressurization of the neutron shieki jacket, pressure re'i:f valves'.rt t * 45 -
psig have been added.1his change resuhs in a more pasfve ntfron shbid in that operatiot al and i [

- maintenance comiderations are reduced. Aho, the possibility of e. complete hass of neutmn shieldingt as'
. result of an acci'na is climinated, ahhouA it is still assumed that substantial degr&hti n may occur in
some localized area. ,

'

1his subsitution satisfies the requirements of 10CI R 72 because:

l The surface dose rates still satisfy the requirements citab1Lhed in 1(eference 1 '. ) part 4 17.

2. 'Ihe temperature of the fuel cladding does not execed the 6 tit, % established m Refer-nce 1 on
page 4 37.

3.1he material characteristics are suitable for the service enrironment.

4.1he consequences of postulated accidents are enveloped by t i criteria esa.blishe . in l'.cference 1 on
page 4 37.

$. The structuralintegnty of the transf-r cask anc'DSC is not compromis C.

4.3.2.2 Dry Storage Canister (DSC)
'

~ 1he DSC provides the pn nary confiriement far ap to 24 irrauiated fuel assemblies. The DSC provides
shielding at the ends and aho maintains the fuel array suberitical under the v! rst case conditions. The ,

DSC fits inside the tran*fer cask for safe movement from the spent fuel pool to the 1S17S1 fe.

i t

*i <
,

)RI:V:(30.it?iE1991)
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::
4 , |'

.d r
M K _. 1.. _ __ _ m2 . .a _E _ _ _ ]



_ _ _ _ . . _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ ._ . __________-_- - _ _ _ _ _

43 Tramfer Splem Oconee ISlhi Saky Analpls Report
p
1 d
V 4.3.2.3 Transfer Cask Skid

i The purpose of the transfer cask did is to provide a support base for rotating the transfer cask to a
horkontal position and to maintain the transfer cask in the properly aligned position during transport,
loading and retrieval operations.

1he basic dimemions and layout for the transfer cask skid are presented in Section 1.3.1.5 and 1igure
1.3 4 of iteference i on page 4 37.

1hc n'ain load carrying longitudinal skid members are 12Wl'210 wide flange sections with stilleners added
as required for the design loads. 'the main load carrying cross members a,d vertical supports for the
upper and lower trunnion pillow blocks are built up steel los sections.

As shown on l'iyure 13 4 of iteference 1 on page 4 37, the tramfer cask is secured to the transfer cask
skid by the use of bolted top and bot'om cask trunnion pillow blocks, The skid is bohed to the transfet
cask trailer using the locking brackets shown on the figure.

The tramfer cask skid is a non safety related item which is designed in accordance with the requirements
of the AISC code, eighth edition using linear clastic analytical methods and nonnal allowables for the
boundmg design basis loading. The design loads for the transfer 1, Lid and attachmet 's are the wune as the
transfer cask trunnion loads presented in Section C.l.4 and l'iyure C.12 of Appendix C of iteference I
on page 4 37.

1he design basis loads for the transfer cask skid were conservatively established to envelope all applied
loads including downendmg of the cask, rotational loads, and trampon loads during tramfer to the ISI:SI

Q(3 site. The transfer skid design loads envelope the postulated ofbnormal and accident loads discussed in
Section S.2 of iteference 1 on page 4 37 such as canhquake and tornado wind loads. Along with the basic
Code allowable stressen used in the design analysis, this consenative design basis assures that the skid will
adequately suppen the Nt|IlON15 24P transfer cask for all postulated events.

4,3.2.4 Transfer Traller

lhe transfer trailer has a capacity of 120 tons. The transfer trailer is designed to ride s low to the ground
as possible to minimize the 11S51 height. 1+ur hydraidic jacks are incorporated into the trailer design to
provide venical movement for alignmem of the transfer cask with the 11551. The trailer is pulled to the
ISI Si by a conventiornt tractor.

The trailer is configured as a 4:2 hydraulically steered dolly. liight hydraulic suspemiom carry four
pneumatic tires each and are located two wide, m four axle hnes. There are a total of 32 tires.

Ilydraulic suspensions enable coupled steering of all attes around a common point, thus minimizing tire
sculling and the resulting damage to pavement and tires.1he suspemiot, also allow other advantages,
such as adjustable deck height, lockout or repair of failed suspemions or tires, and compensation for road
surface irregularities.

1he trailer is pulled by a conventional tractor via a drawbar unit. The drawbar unit includes hydraulic
master cylinders that provide motive force for the slave steering cyhnders in the trailer.

Additional features and accessories for the trailer include: diesel power pack and hydraulic control valves.
hand held remote control unit, all wheel brsidng, and provisions for mounting four bearing pads,

(Q hydraulic alignment system hardware, and four h.sdraulic lifting jacks tc the trailer frame./

4 12
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b i

V *lhe trailer is a conuncreial pade item of the type conunonly und to mme heavy loads, such as the space
shuttle.1he design parameters for a typical trailer are provided in 'lable 41 on pare 419. It b ,

comtructed m accordame with the marmfacturer's standard QA propam using the following rodes of
'

construction:
I

* American Imtitute of Steel Construction (AISC) Specification for the Design, librication, and
firection of Structural Steel for lluddings

* American Society of 'lesting and Stateriah (AS I N1)
;

American Welding Society (AWS) AWS !)l.1 Structural Welding Code. Steel*
'

Steel Structures Painting Council (SSPC)*

4.3.2.6 Skid Positioning System

1he Skid l'ositioning Spiem iSPSp includn the following items which either actively or pauively position
the Skid dunny storage, transport, and abgnment operationt low inction bearing plates, skid tie down
brackets, hydraube lifting jac ks. hydraube dy. theta positianing cylinders, and all anociatcd
imtrumentation and controit Controh for the SI'S are located or, a control skid whic h is located sevend
feet frorn the cast.

The loaded cask is supported by a steel slid structure. The slid's weight is supported by a set of four low
friction bearing plater The beanny material ollers a coefficient of friction of 5% or ten with negligible
bicataway friction. The > Lid is restrained from lateral tuotion during tramport and storage by a set of tie
down brackets which are attached to the trailer freune.

/~~'N

Q l'our support pla:es for hydrauhe lihing jacks are located on the trailer frame. Although the trader's
hydrauhe suspemiom could be used to perionn trader deck height adjustments, the jacks will more firtnly
support the lead than pneuma'ic tirco The jacks provide elevatmn adjustment, plus adjustment of pitch
and roll of the trailer frame relathe to the concrete llSN1 paa The jacks are aho uwd in the fuel building
during cask loadmg. 'lhere, the front pair of jacks canies mmt of the load during the cask wtdown and
downendmr.

A sptem of hydraulic actuators are oriented in the tramverw and longitudinal directions on the trailet
deck. These c>hnders are uwd to abgn the cask correctly relative to the llSN1 after the deck is leveled at
the appropriate height.

4.3.2.6 Hydraulle Ram System (HRS) Description

Iteference 1 on page 4 37 includo a sptem description of the hydraube ram in Section 1.3.1.6, a sptem
operation description of loading and retrieval of the DSC in Section 1.11.7 and a functional desenption in
Section 51.1.1. l'iyure 1.3 5 shows a typical design for the hydraulic ram sptem. Figure 1.3 6 shows the
primary operatiom for the NCilON1S spiern.

The operatiom sptem for loading and unloading of the DSC into and out of the llSN1 is discuned in
Sections 51.1.6 and 5.1,1.8 of iteference 1 on page 4 37. l'irure 5.14 of the same reference shows the
Nullo.1S System retrieval operations flow chan. Safety features of the ram sptem are presented in

'

S

Section 5.2.12 ofiteference I on pare 4 37.

The 1111S comists of the followmc main componento one double acting hydraulic eyhnder (ram); one
trailer mounted tripod support asse nbly for rear support and abgnment of the ram hydraulic cyhndcr; one73

! ) ram support frame assembly for front support and alignment of the ram hydraulic cylinder; one grapple
v

4-13
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k aswmbly; one h3draulic power unit with controh: and hydraulb tubing, hoses, hose reel and aetenories i

as requitec for system operation. ,

4.3.3 DESIGN BASES AND SAFETY ASSURANCk I
!

4.3.3.1 Transfer Cask

1he design bases of the tramfer cask are given in Section 1.2.2 of iteference 1 on page 4 37.1hese are
based primanly on radmlogical and structural corniderations.

!As discuned in Section 4.3.2.1, "Tramfer Cask" on page 411, the 6olid neutron shield will be
permanently fdled with flineo NS 3 . a neutron absorbing cementatious material cast in plaec in the t

neutron shield juket< Prenure rehef vahes are designed to relieve prenure in the errat that any
off paning were to create excenire intemal prenure. !

4.3.3.2 Transfer Cask Skid
'

. i

'the tramfer rask skid supports the tramfer cask i.t a horimntal position on the trailer deck during the on .

ISite road tramponation to the Isl Sl ute, 'the tramfer cast skid is designed to support a tramfer task
weighing 110 tota and to allow rotation of the tramfer cask between the horhontal and vertical positmm. ;

The tramfer cask skid is secured to the transfer trailer during movement and is restrained by a securing ;

- sptem to resist the peak loads anticipated under nonnal conditiom of tramport between the fuel buildings ;

and the ISI SI. j

'( 4.3.3.3 Transfer Traller

- lhe design parameters for the tramfer trailer are prnenwd in 'Iable 41 on page 419. Also, as shown in'

Section R2.5 of iteference 4.1, ''lecation and layout" on pape 4 3, the doign basis drop bright for the .

NUllOAtL24P Tramfer cask is ho inches. This analysis boundt the Oconec tramport conditions. The !

nominal tracci height of the tramfer trailer deck is 41 inches whkh corresponds to a cask drop hsight of
$9 inches. 'lhe madmum despn travel of these units can raise the trailer deck height to 52 incl.es, which
corresponds to a drop height of 70 inches. Slechanical stops attached to each suspension one cylinder

*

emure that the cask cannc,1 be lifted to a height greater than 70 inches above the ground. ,

if an event reouiring retum' to the fuel handling building ocn tred imkle the Oconce Nuclear Station
protected are: .ence, the tractor trailer could either continue on around the east side of the Turbine
lluilding and return to the fuel building or, if it is close to the fuel handling building, it could reverse to

*retum.

j l' rom the point where it leaves the Oconee Nuclear Station protected area until the point where it reaches
the ramp leading up to the 151 S1, the tractor trailer has sufficient space to tum around e needed.

Once it is on the access ramp leading to the 151:S1, the tractor trailer would have to cor.tinue to the ISl St I
site in order to tum around. _;

' 4.3.3.4- Skid Positioning System (8PS)-
'

1he SPS is designed to compensate for the following variance in true alignment between the cask and
IISNI, in any combination.

, - .

5 + Pure Vertical Tramlation - 3*

4 14
$
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V Pure Sidewap Translation 3+e

l' itch !!4* / ft.*

Yaw 3 depecs+

in addition to the above correctic ns, the SPS must ruove the cask and skid from the transpor1 position,in
which the payloadi center of pauty lies directly over the centroid of the trailer, to a imition where the
cask slightly overhangs the rear of the trailer. 'lhe required actuator strokes to achieve the design buis
.. impensations are (in terms of pure directional motion) approximately:

Vertical 1 ravel 6**

'l ramverse 1 ravel 10**

I ongitudinal Travel 39'*

The SPS components which restrain the cast and slid during cast setdown and transport arr designed to
withstand the loads described for the east trunnions in Appendix C.I of Referensr I on page 4 37. The
design bois weights for uw in siring SPS actuators and hardware are,in U.S. tons:

I mpty Cast 56 tons*

loaded DSC 3h torne

* Skid 6 tons

O) * Trailer 20 tons
1v

The SPS will be designed and built to the following codes and specifications;

* American Institute of Steel Construction (AISC) Specification fc.t the Design, l'abrication, and
Erection of Structur.d Steel for fluildmp

American Society of Testing and Materiah (ASTNI)*

American Welding Society (AWS) AWS Dl,1 Structural Welding Code Steel*

National l'luid Power Association (N!:PA)*

Steel Structures Painting Council (SSPC)*

The SPS is specified for use in the following environmental conditions:

Ambient Storage Temperature 30'l to 116'l*

Ambient Operating Temperature (PI: to 110'l:*

Ambient llumidity 10%, to 1009.*

* Ambient Radiation Negligible

!

L The SPS is designed with several safety features to avcid unnecessary delays in the transfer process. The

i trailer lifting jacks base mechanical locking collars which preclude settling of the trailer deck, due to loss
of hydraulic pressure to the jack cylmders. A hand pump provides redundant power as a backup in the

'

p
| cvent of purnp or power unit failure. Operation of the trailer jacki,, transverse, and longitudinal cylinders
'

- are mutually exclusive; it is impossible to operate more than one sub system at a time. During alignment

4-15
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7
i :
V' and fuel transfer, the stiJ tie down brackets are unbolted, and the x.y travel of the skid is limited by both

t'e h>draulic cylinder travel rnd by mechanical rntraints on the low friction bearirig travel. A tie down
between the llShi and cask provides additional restraint during fuel transfer.

4.3.3.5 Hydraulle Ram

llYl]JtRllC. RAS 1 SYST]Si (1111S1 Pl:RI'OltM ANCl: R1 OUIRFMFN1S:
* Ram l'orce . 20.000 lb. Push and pull (Nominal)

80.000 lb., Push and Pull (Niaximum)

Itam Piston Speed . 36 instnin (max)*

Stroke . Approumately 21 feet*

CODI S AND STANDARDS:

'lhe liitS components are not safety related and are designed to confonn to standard industrial
requirement . The lills design conforms to the following codes and standards:

Ram Colsder . National 1:luid Power Association (Ni PA) Standards Recommended Standards and*
.

Ame -tional Standards Institute ( ANSI) Standards;

Itam ...mniormClevis . NI PA and American Institute of Steel Construction (AISC) Standards;*

llydraulic Power Unit N1:PA llecomrnended Standards;*

* Grapple Assernbly AISC;
;

Cl * Tiniler.htounted Tripod Surr ni Design . AISC;

Welding of 'ltipod Suppon and Ram Sul. port 1 rame AWS Structural Weldmg Code and Arnerican*

Society for Nondestructive Testi.ig,Inc. Recommended Practices;

* Pump Niotor National 1:lectrical 51anufacturers Anociation (N131 A) Standards and Publications;

instrumentation and Controls . Instrument Society of America (ISA) Standards and the intemationale

Organization for Standa dization (ISO) Standards;

Component Staterials American Society for Testing and Staterials (ASTN1) Standards and ANSI*
iStandards;

Corrosion Protection Steel Structures Painting Council (SSPC) Specifications and Nationale

Association of Corrosion l'ngineers (NACL!) Recommended Practices and Alaterial llequirements.

DFSIGN 1 OAD CONJ]lTIONS-

All system load bearing components of the IIRS are designed to withstand the stre>ses associated with a
maximum column load of 80,000 pounds at full extension centered 4.5 inches above the longitudinal axis
of the ram cylinder. The system load bearing components include the ram hydraulic cylinder, grapple
assembly and ram support frame assembly.

'Ihe trailer mounted tripod support for the ram hydraulic cylinder is designed per American Institute of
Steel Construction (AISC) hianual of Steel Construction Standards.

FNVIRONMFNTAI CONDITIONS:

The llRS is designed to withstand the following erwirotunental conditions:

4-16'
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O ;

O + Ambient Storage Temperature Itange: 30*1 to 116'l:

* Ambient llumidity llange: 10 to 100% (coincident with outdoor temperature range)

ltadiation Dose itate (Section 10.3.4.1 of iteference 1 on page 4 37): 250 mrem |hr+

llam force is lirruted to 20,000 pounds dudng the extension and retraction strokes for normal+

operation.

+ llam force 's limited to no more than 80,000 pounds under all conditions.

l(am extemion and retraction speeds are variable from 0 to 36 inche$ per minutes.+

INSTitt'511W141 ION AND CON'lllOl %.

'lhe liitS is designed to allow the operator to extend and retract the rar.) hydraube cylinder using
hand operated devices. The control system includes safety features to prevent the inadvertent operation of
the liitS and to regulee speeds and forces of the ram to within the design criteria limitationt

CD11PONFNT DI SCitlpTIONS:

Egm.11ntraulie Cylilukt The ram hydraulic cylinder is a : ingle stage, double acting, hori/ontal desipt
The maximum extemion or retraction force is 80,000 pounds at the maximum extemion and retraction
fluid pressuret Tim maximum piston speed for extension or retraction is 36 inches per minute (ipm). 'lhe
c>hnder is designed with trunnion front mounts and a rear devis mount 'lhe trunnions are designed to fit
into the ram suppon frame. The rear devis fits the ram inpod frame.

'

C
(

llam livdraulic pwim . The h>draulic pump is a positive displacement type pump.

Graonle Cylinder and pumn . 'the grapple is operated with a r. mall, double acting hydraulic cylinder, 'lhe
cylinder is minually operated with a hydraube hand pump.

llom.0il * The llRS indudes a 140 gallon reservoir sired to meet the system capacity requiremento

hutrumentation and Controh . The control sptem is designed to allow the operator to extend or retract
the ram hydraube cylinder using marn"dly actuated pressure and flow control devicci.

fitenli Anembh The grapple assembly is depicted by llevision 1 of the NUllONIS 24p Topical
Report Iigure 1.3 5.

The power for the hydraulic systern is provided from a retail 24 KY Oconee suppon line through a 75
KVA,3 phase transfonner.

Ahhough this system does not have a backup power source, the retail power provided is comidered very
reliabit. Ilowever, in the event cJ a power failure whether momentary or extended all etTorts to tramfer
the DSC into the 11551 will be halted until power is restored. In the interim period, the hydraulic system
will be secured in the "off' position and all eonnel will leave the immediate area of the cask. At anyl
point in the transfer process, the llS$1, the t< sfer cask, or a combination of both will provide sufficient
shielding to maintain dose rates at acceptab' levels during such a loss of power.-

4,3,3,6 Other Equipment

h All equipment other than the llSY OSC, and transfer cask used in the transfer operations is classified as
,

! V non safety rdated. Equipment u' ; for loading fuel into the DSC and transfer of the DSC transfer rask

|
within the fud buildmg is safeti dated and is covered by the Oconee 10Cl R part 50 liceme.

!
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1he failure of any non safety related piece of transfer equipment described in Section 1.3 of Reference 1
on page 4 37 will not increase human radiation exposures by any significant amount. As described, the

. transfer trailer has 32 whech.1he route from the fuel building to the ISFSI site is approaimately 1/2 rnile.
- The trailer and all its components are carefully inspected prior to use, and the probability of a breakdown
is small. In the event of a component failure, the trailer can be configured to overcome failure of a wheel
or suspension unit and ofbloading can be completed prior to repairs A failure in the system hydrad:s ;

could be repaired or the trailer pulled to the llSM site and the DSC ofbloaded, llecause of this design
simplicity.- failure of the hydraulic ram will be limited to the hydraulic control tystem. Such a failure
would be easy to repair and because the hydraulic controls are located at least 25 feet from the transfer
cask, and therefore additional hurr:.n radiation exposure during repairs would be minimal.

i

4.3.3.7 Qualification of Components

Qualification of the hydraulie ram system (IIRSj i Skid positioning system (SPS) was done per
standard administrative procedures and check out testmg for operation of non safety related equipment.
The qualification tests consisted of pre operational system checkout tests, All phases of the llRS and
SPS operation were tested to verify the operability of the system, Normal operation and off. normal events .
and the respective :ccovery procedures were confirmed. All system performance criteria were verified to be
mn

'lhe llRS and SPS have simple, reliable designs which require minimal maintenance on active
components and negligible maintenance on passive components. Primary maintenance requirements

, consist of periodic inspections of the hydraulic power units, ram hydraulic cylinder, grapple au.cmbly, SPS
actuator assemblies, and manual controh. In addition, the hydraulic fluid ~pires periodic testing to
ensure that no water, dirt or other deleterious materiah have contaminated the .ptem,

(
4.3.3.8 Maintenance of HR8 and SPS

Maintenance requirements for the llRS and SPS are minirnind by corrosion protection provided by
~

component design. All components are manufactured from corrosion resistant materiah, or coated with
operated with a grease or oil surface protectant. All controlscorrosion resistant paints, and/or stored and

and innrumentation which are subject to corrosion are housed in a' weatherproof enclosure. Jlhe ram
hydraulic cylinder is stored in its retracted position, fidled with hydraulic fluid.

'

Operating procedures, maintenance procedures and storage procedures will ensure that all llRS and SPS =
components are kept in opnaMe condition throughout the system design life.

1

_ _

h
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( 1
4.3.4 TABLES''

Table 41. ONS ISl~Si Project 'Iransfer Italler DWgn l'arameters
.

Ambient Storage Temperature 30*1; to 116*l

Ambient Operating 'lemperature O'F to 110'l:
Ambient llumidity 10% to 100*.
Ambient Radiation Negligible

Pressure Altitude O'to 5000'el.

Payload (Cask + Skid) 120 tons

Minimum Deck fleight 34'
Niaximum Deck lleight 52*

Maximum Deck + Steering 1 nit Icngth 25' 0*
Maximum Deck length 21'. l *

Maximum Width 12'-0-

Inside Turn Radius 9' or less

Outside Tum Radius 27 or less

Maximum Pulling Speed (laden) 5 mph

Maximum Grade 6. 5 't- .

,m
I \

'/ Road Surf ace:i
(i ully laden) Asphalt
(!!mpty Cask) PackcJ Gravel or Asphalt

(.
( lw'
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ID
()

4,4 OPERATING SYSTEMS

4.4.1 LOADING AND UNLOADING SYSTEM

loading and unloading of IFAs from the DSC and transfer cask requires use i tia N 110 wing equipment:

* 100 ton spent fuel cask handling crane

spent fuel pool manipulator crane aunliary hoiste

-pent fuel handling tool+

,

transfer cask lift beam*

DSC lifting rig*

crane hook lift adapter*

cask pit platform*

4.4.1.1 Preparation for Fuel Londing i
;;

following receipt inspection and acceptance, a DSC is placed in the transfer cask. 'the orientation of the
DSC in the cask is controlled by permanent alignment marks on each DSC and the tramfer cask. 'lhe
DSC is filled with borated water with a minimum cancentration of ifilo ppm boron.1he transfer cask is

b then positioned in the decontamination pit. 1he DSC/ transfer cask annulus is filled with demineralized
O water and sealed with an inflatable seal.1he transfer cask is then placed on the cask pit platform in the

spent fuel pool.

1he following components are used for this operation:

1. lon Ton Crmt the 100 ton spent fuel cask handling crane is used to place thc DSC into the transfer e

cask and to move the DSC/ transfer cask to the spent fuel pool.1hc 100 ton crane is described in
Section 9.1.4.2.2, " loading and Removing i uel" on page 915 of the Oconee FSAR (lleference 2 on ;

page 4 37).

I 2. DSC 1ifi Rig 1he DSC lift .ig is bolted to two of the four lifting lugs attached to the support ring
I for the top lead shield plug inside the top of the DSC. It is used for upending the DSC prior to
1 . loading into the transfer cask.

3. Iramfer Cask I,ift Ileam . The tramfer cask lift beam adapts the tramfer cask to the 100 ton crane
hook. It is used during upending and transport of the trar-fer cask within the fuel building. The
transfer cask lift beam is designed, built, and maintained in accordance with the criteria of ANSI
N14.6.1he lift beam is a pmive, open hook design with two parallel lifting beams. It is fabricated
from'high strength carbon steel plate and is protected by a decomtaminable coating. Figure 4 3 on
page 4 26 depicts the transfer cask lift beam.

'l

4. Crane flook 1._ift Adactor After the DSC/ transfer cask is placed on the cask pit platform, the crane-
hook hit adaptor is attached between the 100 ton crane hook and the transfericask lift beam.1he
crane hook lift adaptor is designed to prevent wetting the 100 ton crane hook and block when the
DSC/ transfer cask is lowered from the cask pit platform into the cask pit.1he crane hook lift adaptor
is designed, built, and maintained in accordance with the criteria of ANSI N14 6.1.ike the lift beam, it.-
is fabricated from high strength carbon steel plate and is protected by a decontaminable coating.1het

y adaptor has an elongated pin hole (4S inches) rnJ a screw actuator at the lift beam end. For lifting the
transfer cask, the adaptor is in the elongated configuration with the hit beam pin supported by the

.
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r
f bottom of the pin hole. When disengaged from the cak, the adaptor may be placed in the retracted-

configuration by means of the scrv actuator, whkh provides support for the hft beam while in this
mnfiguration. 'lhe retracted confiyuration is required for the combined adaptor and lift beam to dear

.

the spent fuel pool operating deck. 1:igure 4 4 on page 4 27 depicts depicts the crane book lift
adaptor.

5. QuLlgin. c Pit Imert . A removable platform approximately 18 inches in height is placed in the
spent fuel pool cask pit. Its functions are to allow release of the tramfer cask at an elevation that
prevents the 100 ton crane block from contacting spent fuel pool water and to position the cask so
that spent fuel can be loaded into the DSC.

4.4.1.2 Spent Fuel Selection
I

A desenption of the administrative procedures which are followed in spent fuel identification is presented )
in Section 10.2.5, " Administrative Controls" on page 104. Using special nuclear material control and !

accountability records, the initial enrichment and burnup for each candidate spent fuct assembly are |
|compared against the acceptable region in l'igure 10-1 on pape 10-10. I uel anemblies falling in the

acceptable regior.s will have qualifying reactivity and decay heat characteristics for safe storage in the
NUllOMS 24P System. If all requirements for spent fuel qualification are met, then documentation of
this fact foi a given anembly is transmitted to fuel handling personnel prior to anernbly retrieval and
placement in the DSC. liased upon station maps and special nuclear materials accountability records
which indicate the current location of these assemblies, fuel handling permnnel visually verify the
anembly identification numbers and transfer these assemblies into the DSL An independent visual
verification (using binoculars or CCTV) of the assembly serial number by two ddlerent perwm is
performed prior to assembly retrieval from the spent fuel pool. After all auemblics have been loaded into

O)
the DSC, the assembly identification numbers are again checked. In the event that these anemblies must

( subsequently be retrieved in the future from the ilSM DSC and inserted back into the spent fuel pool,
similar accountability /verifiution procedures will be used.

No fuel will be loaded into the DSC which is known to have any gross structural damage. Duke's
damaged fuel assembly and component database contains a record of confirmed arci suspect fuel assembly
dadding and other struttural failures Assemblies which are suspected of having cladding f ailure are further
examined visually (using cameras) to detennine the extent of the damage. Of these assemblies, only those
showing grou cladding or structural damage will be excluded. This impection is performed after
verification of the assembly identification number. l'ucl assemblies which have no record of cladding
damage are not inspected in detail; they are observed during the routine fuel handling transfer operation to
ensure that the structuralintegrity of the awembly is maintained.

No fuel anembly cleaning or crud removal operations are planned on initial loadings or retrieval. 'ihese
operations are not necenary for storage in the NUl! OMS 24P system and would likely increase personnel
exposures during fuel loading. The DSC will provide full containment of all radioactive crud materials
which are dislodged during the handling and or storage operations,

4.4.1.3 Spent Fuel Loading

The layout of the spent fuel pool area is shown in l'igure 4 5 on page 4 28 through 1igure 4 7 on
page 4 30. After the DSC| transfer cask is lowered from the cask pit platform onto the cask loading pit
insert, ll:A$ which have been qualified are loaded into the DSC. The components and equipment used for
this operation are described below:

1. Srent I uel Pool Manioulator Cran.S - lhe spent fuel pool manipulator crane mast or its monorail'

hoist is used to extract L As from their pool storage cells and to lower them into the DSC. The spent
fuel pool manipulator crane is described in Section 9.1.4.2.2, "Icading and Removing 1:uel" onv

4 22-
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O
O) page 9-15 of the Oconee FSAR. If the monorail boist is utilized,it is n conjunction with a manual
+

spent fuel handling tool.

2. S.Lt:t Fuel llandline 'lpoj The spent fuel handling tool conshts of a pneumatically actuated gripper
and supension cables. Its purpose is to 1.rovide remote imocrwater engagement and disengagement of
IFAs. 'lin tool has been used at Oconee for loading iFAs into spent fuel shipping casks, and it
required no aheration for use with the DSC.

4.4.1.4 DSC Drying, Backfilling, and Scaling

Aher the IFAs are loaded into the DSC, the top end sidekt plug is replaced on the DSC. The DSC top
end shield plug is suspended by cables from the transfn cask hfting >oke. The 100 ton spent fuel cask
handling crane allows fine adjustment af bridge and trolley positions, hook height, as well as rotation of
the crane hook. The bottom of the top lead shield plu/ s chamfered to allow a degree of self-centering byi

the plug. Two separate paths exist for displacement o; DSC cavity water as the shield plug is lowered. A
gap 6xists between the shield plug and the DSC sheli, and the DSC vent port is open during ins'allation
of the top lead shield plug. both of which provide f.sr displacement of some of the fluid from the DSC.
Flacement of the shield plug is recognized as a critical step requiring close attention and gradual
movements to assure no misalignment or damage ta components. The DSC transfer cask is raised to the i

ca.sk pit platform by use of the 100 ton crane with the crane hook lift adaptor. As the DSC approaches
the surface of the spent fuel pool, the correct placement of the top lead shield plug is verified visually and
through dose rete monitoring. On the cask pit platform the crane hook lift adaptor it removed and the
crane hook is attached directly to the lift beam in order to provide suflicient lift height during transpon of
the DSC| transfer cask over the pool deck and into the decontamination pit.

(O in the decontamination pit the top end shield plug is seal welded, and the water is purged from the DSC.Gj The DSC is then vacuum dried and backfilled with helium. llelium leak tests are perfonned on the top
lead rhield plug seal weld and the vent and siphon por; seal welds. Finally, the top cover plate is seal
welded into place.1hese oper" ions t.re described in detailin Chapter 5 of Reference 1 on page 4-37.

During the above operatio... f. & \s are confined within the DSC with the top end shield plug in place,
and the DSC remains seated u. the transfer cask. F Ilowing there operations, the transfer cask lid is
placed, the annular water is drained, and the transfer cask is placed on the transfer trailer for transport to

-

ths ISFSt.

The design basis and safety assurance fmtures of the DSC are dewribed in Sections 3.2 and 3.3 of
Rderence 1 on page 4-37. The design batis and safety assurance features of the transfer cask are described
in Section 1.3.1,3 of Reference 1 on page 4 37. The DSC drying t nd scaling equipment and operations
t 1.ke use of mdustry-standard equipment and procedures commonly used for such operations.

4.4.1.5 DSC Unloading

- The equipment discussed in Sections 4.4.1.1, " preparation for Fuel loading" on page 4-21 and 4.4.1.2,
" Spent Fuel Selection" on page 4-22 is used for DSC unloading operations. Approprie DSC cutting
equipment and procedures as discussed in Section 5.1.1.9 of Reference 1 on page 4-3i (.ill be used to
open the DSC which is contained within the transfer cask.

4.4.2 DECONTAMINATION SYSTEM

No decontemination facilities are needed at the ISFSI.

(n)m
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Decontamination of the transfer cask is performed in the decontamination pit The transfer cask exterior
is decontaminated manually before removal from the fuel buildinF by use of detergents and wiping cloths.

Also, the DSC top end shield plug is decontaminated in this manner prior to seal welding to the DSC
body.

It is not araicipated that either the exterior of the DSC or the inside of the transfer cask will become
contaminated; The DSC/ transfer cask annulus is fdled with demineralized water and sealed with an
inflatable seal. Ilowever,in the event that such contamination occurs, the DSC/ transfer cask annulus will
be flushed with demiteralized water until an acceptable les ' is achieved.

4.4.3 DSC REPAIR AND iAAINTENANC'

No maintenance is required for the DSC for its design liti.

4.4.4 TRANSFER CASK REPAIR AND MAINTENANCE

The function of the transfer cask is to ensure integrity of the DSC dunng applicable design basis accidents
and. to provide radiological' shielding for the operators during handling and transfer operation.
Confmement of radioactive materials is provided by the DSC. Accordingly, a periodic maintenance

1 program has been' established to ensure the proper operation of the cask valves, bolts, washers, o-rings
1 and neutron shield pressure rtlief valves. The lifting surfaces of the cask trunnions are periodically

inspected for surface deterioration.

O
b '4.4.5 UTILITY SUPPLIES AND SYSTEMS

The design of the Oconee ISFS1 is based on the NUllOMS 24P system for storage of irradiated fuel.
Each module is a self contained, passive system requiring no support systems during storage.

'llowever, the ISTSI is provided with a 480'20Sil20 VAC power supply for operation of the transfer
trailer hydraulic positioners, hydraulic ram site security equipmerit and lighting.

Other electrical connections required for ISFSI physical security are described in the ISFSI Physical
Security Phm (Reference 3 on page 4-37).

4.4.6 OTHER SYSTEMS

4.4.6.1- Communications and Alarm System

Details of the communication and alarm system are provided in the Physical Security Plan (Reference 3
on page 4 37)..

4.4.6.2 Fire Protection System

No flammable or combustible materials are stored within ISFSI or it its immediate vicinity and the ISFSI
is constructed of noncombustible heat resistant materials (concrete and steel). Therefore, no fixed fire
extinguishing system is required; however, portable supression equipment will be provided within the

. fenced boundary. In the unbkely event of a fire at the ISFSI, the fire brigade will be dispatched from the
[,1 Oconee Station. The Oconee Nuclear Station Pre Fire Plan (Reference 4 on page 4-37) will be revised to
' incorporate fire protection requirements for the ISFSI.

. .
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;ry
V 4.4,6.3 Maintenance System

The ISFSI requires no inaintenance other than periodic inspection of the llSM air inlets and outlets and
removal of debris, if needed. Specific inspection per'.ods and their justification are discussed in Section
10.3 3.1.

,-
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4.5 -CLASSIFICATION OF STRUCTURES, SYSTEMS, AND
COMPONENTS

Table 4 2 on page 4 34 provides a list of major ISFSI components and their classification. Classification
of major components as " Safety Related" or "Radwaste Related" is based on the specific need for
componen* performance under accident conditions. Ilowever, desip.ation of specific components as
"Safet) Related" or "Radwaste - Related" is not the only basis for establishing whether any part is-

important to the safe operation of the ISFSI facilities.

As listed in Revision 1 of the NUllOMS 24P Topical Report, Section 3.2. Reference 1 on page 4 37, the
NUllON15 reinforced concrete llSM including its foundation and DSC support structure, the DSC and
its intern.d basket assembly, and the transfer cask are components considered important to safety. The
design criteria for these components are provided in Section 3.2 and summarized in Tables 3.2-1 through
3.2-9 of Reference 1 on page 4 37.

The Oconee fuel building crane and the lifting beams used for movement of the transfer cask within the
fuel building are designed and procured as components important to safety. The lifting beams used in that
part of the operation are controlled by 10CFR Part 50 and NUREG 0612 and are designed to ANSI
14.61956 criteria for nonredundant yokes.

As noted in Section 4.5.5, " Transfer Components" on page 4-32, all other components of the NUllOMS
system, includmg the transfer trailer and cask support skid, skid positioning system, and hydraulic ram

.

- system are required to perform their function to successfully transfer a DSC to and from the llSM. These-

systems J.re described in Reference 1 on page 437 with design requirements further delineated in Section
4.5.5, " Transfer Components" on page 4 32 of this SAR.

In addition, the transfer cask, llSM, and DSC have been designed to meet very conservative design
criteria including postulated conditions which envelop those which may result from the mechanistic failure
of the transfer system equipment. Design conditions such as cask drop accident and jammed DSC have
been .ncluded even though there is no plausible way for these worst case events to occur. Conservative
bounding analysis for these conditions have been performed using minunum material yield strengths,
strength reduction factors,' and factors of safety in accordance with the stringent requirements of the

~

ASME and ACI Codes. Even when applying this conservative criteria considerable design margin for
these components and structures remains as evidenced by the analysis results comparisons with acceptance
criteria contained in Reference 1 on page 4-37. Further, these compoarc and structures are fabricated
and construct d to the rigorous standards and methods of the ASMii and ACI Codes t.nder a 10CFR 50

- Appendix H Quality Assurance Program. These include material qualification, -welding and
nondestructive examination, and strict surveillance and quahty control inspection. The resulting high

_

integrity of the Transfer Cask, DSC, and ilSM provide more than adequate assurance that the health'and
safety of the public and plant personnel are protected.

4.5.1 TRANSFER CASK

The transfer cask is considered Nuclear Safety Rehted (QA Condition 1) since it performs primary DSC
. protection functions under certain transport accident conditions. The transfer cask proposed for use ha
DSC transfer operations is described in Section 1.3.1.3 of Reference 1 on page 4-37.

L

.
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y
M T 4.5.2J DRY STORAGE CANISTER

'lhe DSC is considered Nuclear Safety Related (QA Condition 1) since it performs criticality control and
primary IFA support functions'as well as serving as the primary storage containment for the IFAs. It is
designed to remain intact under all accident conditions identified in Chapter 8. " Accident Analyses" on >

page 81 of this SAR with no loss of function. DSC components are designed, constructed, and tested in
.accordance with Nuclear Safety Related requirements as defined by 10CFR 50, Appendix 11 and the DPC
- QA 1 Quality Assurance Program.

4.5.3 HORIZONTAL STORAGE MODULE

The IISN1 functions include shiciding, heat remo ral, DSC support, and DSC tomado missile protection.
The llSN1 is not considered Nuclear Safety Related since it performs no primary II'A containment or
criticality control functions: -llowever, llSN1 functions are considered important to the safe operation of
the ISFSI and appropriate levels of documemation and control are applied. The concrete 11SN1 is
designed i:. accordance with ACl 349 55 and the level of testing, inspection and documentation provided -

during construction is in accordance with the DPC QA 2 Quality Assurance Program.'

- As sbawn by Table 8.1 12 of Reference 1 on page 4-37, the maximum IISN1 concrete temperature for the
long term 70'F ambient storage temperatore case in 144*F. This is less than the maximum permissible
concrete temperature of 150'F specified by ACI 340 85. The effect of extreme ambient temperatures will
be to' increase the maximum concrete temperature. II"/ever, the methods used to calculate these
temperatures assumed that the extreme ambient tempen.Nres would remain constant until steady state
conditions can be established within the llSNI. In realun the extreme ambient temperatures will occur-

ch infrequently and ~will last for a short duration insufficient to cause steady state conditior.s. Therefore, the-

; 'long term maximum temperatures for the !!S.\1 concrete easily meet the ACI 349 temperature limitations.

~

Couplid with the conservative reductions in concrete .maierial strength used in the 11S.\1 design
calculations, the desip criteria utilized in Reference 1 on page 4-37 are adequate to ensure that the llSN1
will perform its intended safety function for all design conditions.

. Typical reinfo:cing steel design for the llSN1 basemat, walls, and roof is. shown in Figure 8.19 of.

Reference 1 on page 4 37. The llSN1 reinforcing designs are in accordance with the ACI 349 85 Code and
are comparable to those previously reviewed and approved by the NRC for the NUllONis 07P design.

4.5.4 FOUNDATION' .

,

The ISFS1 foundation is designed, constructed and tested to the same design criteria and quality assurance
requirements as the llSN1.-

|,
4,5.5 TRANSFER COMPONENTS

The remaining DSC transfer components (i.e. transfer cask trailer and skidJ skid positioning system,
- hydraulic ram system) are necessary for the successful loading of the DSC irto the llSN1. As discussed in

Section 4.3, " Transfer System" on page 4-11, failure of these components would not endanger the health
and safety of *be public or plant personnel. Therefore, transfer components are not considered Nuclear
Safety Related .md are designed, constructed and tested in accordance with good industry practices.

4-32
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7_
! / 4.5,6 INSTRUMENTATION''

The Oconee ISI'S1 is designed to maintain a safe and secure, long-term contairuneat and storage
emirorunent for li'As using only .otaUy passive components, lherefore, no Nuclear Safety Related
instrumentation is required for operation of the facihty. Instrumentation necessary to perform
DSC/ transfer cask draming, purging and drying operathns consists ofindustrial grade pressure gauges.
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W _
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3
4 .4.5.7 TABLES

i Tahle +2i Oconee ISI SI Major Components and Claw.ification

* Transfer Cask Safety Related 0)
!

* Dry Storage Canister (DSC) Safety Related 0)
*

- Ilasket?
Spacer Disks'
Support Rods

.

>

End Shield Plugicupport (top and bottom)
- DSC llody;

. End Closure Plates-

* llorizontal Storage Module (llSM) Radwaste Related 0)
Concrete Shielding
DSC Support Assembly

Foundatica . Radwaste Related 0).

* Transfer Components . Industrial Grade
Transfer Trailer / Skid -

. Ram Assembly.
.

e 4 Instrumentation - Industrial Grade

- Notes:

O 1. To ensure co itainment and _ criticality control under all applicable transtmrt accident conditions,
'

-d- : transfer cask components are designed, constructed, and tested in accordance with Nuclear Safety
.-

" Related requirementras defmed by-10CFR 50, Appendix 11 and the DPC QA 1 Quality Assurance
';

: Program.
.

2. To ensure safe and secure,long term containment and'critica!ity control during transfer and storage of
'!FAs,- DSC: components 'are designed, constructed, and tested in accordance_ with Nuclerr Safety
Related requirements 'as defmed by 10CFR 50, Appendix 11 and the DPC QA 1 Quality Assurance
Program.

'

3. Components which are not required to perform a iafety function or mitigate the consequences of an .
i accidental radiological release comparable to- 10CFR 100 site dose criteria guide values are designedt

,

' constructed, and tested in accordance with the DPC QA 2 Quality Assurance Program. Additionally,o,

, the concrete llSMs and foundation are designed to withstand Safe Shutdown Earthquake seismic
forces and tomado missiles so as to preclude any interaction with the DSC pressure boundary or loss

-
- of shieldmg. Therefore,' construction and inspection shall be in 2ccordance witt, the QA 2 Quality-

_ L Assurance Program.-
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O-Q '

.

4.6 DECOMMISSIONING PLAN
, -

-

-

. :

: Decommissioning of the ISFSI will be performed consistent with decommissioning of the Oconee Nuclear
~

Station. This is predicated on the i.bility of the federal government to accept spent fuel at the rates a d
dates specified in the Nuclear Waste Policy Act of 1982, as amended, it is anticipated that the DSCs will '

be transported to a federal repository when such a facility is operational. Ilowever, should the r.orage
facility not accept the' DSCs intact, the NUllOMS 24P system allows the DSCs to be brought back into-
the spent fuel pool and the fuel repositioned into the racks for loading into transport casks to be provided
by the Department of Energy.

All components of the NUllOMS 24P system are manufactured of similar materials found in the existing
Oconee Station (i.e., reinforced concrete, stainless steel. .tead). These components will be decommissioned

- by the same methods in place to handle similar ma crials within the plant. Any of these components that
may be contaminated win be chaned and/or disposed of consistent with the decommissioning technology
available at the timt of decommad.oning. >

Ahhough operation of the ISFSI willlikely need to continue well beyond decommissioning of the Oconee
Nuclear Statir.o. the costs of decommissioning the ISFSI are expected to represe.t Ali .nd negligible.

i fractio; 4 Qe cost of the decommissioning the Oconee Nuclear Station. Reference on page 4 37
submitted a schedule and justification for a decommission plan which will encompass decommissioning of
both Oconee Nuclear Station and the Oconee ISFSI in accordance with 10CFR 50.75 and 10CFR 72 30.

7 The financial options for this plan were submitted on July 24,1990 for the SRC review and approtal,;

| ' Reference 6 on page 4-37.'

The: radiological impacts due-to postulated accidents or operation of the ISFSI are bounding for the ,

conditions when the ISFSI is fully operational. The collective dose to residents within one to two miles v
'

the ISFSI is' based _on capacity loading of 2112 spent fuel assemblies in 88 storage modules.- Tlu
L occupational dose to site workers assumes radiation from an anay. of 2 x 10 modules loaded with det
: shielded casks cach containing 24 spent fuel assemblics. The coniquences from accidents are based ou
failure of 24 spent fuel assemblies contained in a day shielded cask. The expected radiological impact due
to. operation of the iSFSI is much less than the regulatory limits specified in 10CFR 72.104 and 10CFR
;106(b) and the EPA Protection Action Guides. Furthermore, Duke intends to operate the Oconee ISFSI
for the Ffe of the licen=ed plant.' It can be projected that once the spent fuel is removed from the ISFSI,

:the radiological consequences of decommissioning will ac.ually be lower than that of operating the facility.
LThos, the health and safety of the public are uor affected by inis' exemption request.

'
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(

5.1_ OPERATION DESCRIPTION :

As a supplement to Sections 4.3, " Transfer System" on paFe 4-11 and 4.4, " Operating Systems" on
_

page 4 21 of this report and Section 5.1 of Reference 1 on page 515 which describe the transport and
fuel loading systems and their operation, this chapter describes the actual operations which occur at the
ISFSI site after transfer of the DSC from the fu-1 building.

5.1.1 NARRATIVE DESCRIPTION

The following steps describe the operating procedures which occur after the DSC has been loaded with
irradiated fuel assemblies and transferred to the ISFSI site. A more detailed description of IISM loading
steps is provided in Section 5.1.1.6 of Reference 1 on page 515.

- 5.1.1.1 Loading of the DSC Into the HSM

1. Inspect all air inlets and outlets on the llSM to ensure that they are clear of debris, inspect all screens
en the air inlets and outlets fer damage. Replace screens if necessary. Using an available yard crane,-
completely remove the front access door of the llSM Inspect the interior of the ilSM and the DSC
suppon rail surfaces for obstructions or debris.

2. Using an appropriate towing vehide position the tramfer cask; trailer assembly inside the gross
- alignment marks on the llSM pad and move it slowly, toward the llSM until the docking collar is at

L the minimum distance from the llSM opening to s.llow for mk tid removal.

D 3E Using the optical alignment system, the targets on the transfer cask and ilSM, and the skid
positioning system, adjust the position of the cask until the cask is properly aligned with the llSM,

4c Unbolt and remove the cask lid and the cask bottom access plate.

5. Move the cask against the llSM so that the docking collar is cornpletely seated in the llSM recess.

6, Secure the cask to the llSM using the cask restraint system and the anchors on the front wall of the
llSM.

7. Assemble anc align hydraulic ram assembly with transfer cask 1 railer and secure in place. Recheck-
alignment of the llSM, transfer cask, and ram assembly.

8. Extend the hydraulic ram toward the cask and activate the grapple to engage the DSC.

9. Continue extension of the hydraulic ram to move the DSC into the 11SM, if the ram fails to extend-
when the load on the hydraulic system is increased beyond 20,000 lbs., or, if a sudden,large increase
in hydraulic pressure is observed, the DSC may be jammed or bound if iamming or binding is
suspected, corrective actions as described in Section 8.1.1.4, " Corrective Actions" on page 8 3 will be-
applied.

.10. When the DSC is in the llSM, release the grapple from the DSC and retract the hNraulic ram ann
from the transfer cast.

11. Disasccmble and retum the hydraulic ram to its transfer trailer and pull the transfer cask trailer a few
inches away from IISM.

.

12. Lower the llSM front access door back into the door frame to within a few feet of the closed
p position.

5 13. Install seismic restraint.

53
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O
NM 14. lower to the closed position and tack weld the steel llSM front access docr.

.

15. Measure thi change in temperature between the llSM inlet and outlet air vents,

16. Retum all equipment to storage location * pending delivery /bading of next DSC.

. 5,1.1.2 : Moritoring Operations

= On a 24 hour frequency site personnel will visually inspect all air inlets oi cach loaded liSM for both
obstructions and screen dama; . IISM air outlets will be monitored daily using site surveillance cameras. .

Obstructions and/or damage will be removed / repaired immediately. He ISFSI site will aho be included in [
- the routine site patrols performed by Oconee's Security personnel. ,

15,1,1.3 Fuel identification and Accountability

In compliance with NRC regulations, accountability records for all fuel assemblics transferred to, stored in

.

> or em-ved from the ISFSI will be maintained.

' The asymmetrical design features of the DSC allow for easy identification of specific assembly storage
locations within the DSC. No visible physical labeh are necessary for the individual storage locations.i

Unique storage location symboh will be administratively assigned to each of the 24 DSC storage celh.
This is similar to the. method which is currently used to track assembly locations within the spent fuel
poch Unique identifications will be assigned to the llSMs, and will be labeled on the llSM exterior. This
visible physical identification in combination with the administrative assignment of cell storage locations
within the DSC, and a unique serial number stamped -on each DSC, will allow for the positive

hL identification of the locations of all ISFSI spent fuel assemblies.

'\
~

. .

'> - Once a DSC has been inserted into a llSM, the door will be lowered and tack welded into place. These
tack welds will sufficiently indicate any attempts at tamperiag as required in . ANSI 57.944.

Unique identification of the transfer cask will not be required since only one transfer cask is to be used.
Thh eliminates the possible mixup of transfer casks which might occur with multiple casks being used for
concurrent transport operations. Accountability and control of special nuclear materials will be maintained
at all times during the loading. transport, and storage of spent fuel assemblits.

L5.1.114LUnloading the DSC from the HSM

.ltirrpect the front access components of the llSM and cut tack welds on llSM access door. Remove
cask lid.

; 2. Positinithe cask! trailer assembly so that the docking collar is at the minimu.n distuce from tl.e
:llSM to allow for opening of the ilSM front access door.

-3f Using the optical alignment system, the targets on the transfer cask and !!SM, and the skid
postioning system; adjust the position of the transfer ~ cask until the transfer cask is properly .

positioned with respect to the llSM.

' 4.!Using an available yard crane, raise the front access door of the llSM just high enough to access the
seismic restraint.'

5. Remove seismic restraint.~,

6. Remove the ilSM access door from the support rails.

p. '7.. Move the transfer cask against the llSM so that the docking collar is completely seated in the llSM

V recess.

-5-4-
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V 8. Secure the trnsfer cask to the llSN1, using the cask restraint system and the anchors on the front wall
ofthellSN1.

= 9.' Align hydraul.c ram assembly with transfer caskitrailer and secure in place. Recheck alignment of
IEN1, cask and ram assembly.

10. llecheck the cask and ram alignment to ensure it is properly positioned with respect to the 115N1.

11. Extend the hydraulic ram through the transfer cask into the 11S51 and activate the grapple to engage
the DSC.

12. kiract the hydraulic ram to move the DSC out of the llSN1 and into the transfer cask. If the ram
fails to retract when the load on the hydraulic system is increased beyond 20,000 lbs., or if a sudden
large increase in hydraulic pressure is observed, the DSC may be jammed or bound. If jamming oi
binding is suspected, corrective actions as desciibed in Section 8.1.1.4, "Correctiu: Actions" on
page 8 3 will be applied.

13. When the DSC is in the transfer caski release the grapple from the DSC and retract the hydraube ram
arm from the transfer cask.

14. Replace the top lid and bottom access plate on the transfer cask and move all hydraulic equipment
away to allow for transfer cask trailer movement to appropriate location for DSC removal or offsite
shipment.

5.1.2 FLOW SHEET

. loading and unloading operations are illustrated in Figure 51 on page 5-7.

5.1.3 IDENTIFICATION OF SUBJECTS FOR SAFETY ANALYSIS

. 5.1.3.1 Criticality Prevention

Criticality in the SUllON1S 24p DSC is prevented through a combination of geometrical separation of
the fuel cells, neutron absorption in the cell walls and administrative controls on fuel pool soluble boron
cancentration and the selection of fuel to' be stored in the DSC. The DSC basket mates use of two
material thicknesses ia the cell walls as well as some over sleeves at the top and bottom of interior cells to
accommodate sufficient neutron absorption with qualified fuel assemblies; While the DSC design features
will be essentially fixed, the selection of fuel for storage will be a ' variable. Administrativc cantrol of fuel
selection will be incorporated into phmt procedures; E9tther discussion of these controls and procedures
are provided in Sections 4.4, " Operating Systems" on page 4-21 and 10.2. " Development of Operating
Controls and Limits" on page -10 5. The criticahty ana'ysis for the NUllONIS 24P System can be found
in Section 3.3.4 of Reference 1 on page 5-15..

5.1.3.2 Instrumentation

The proposed ISFS1 is a system requiring no instrumentation for radiation, temperature-or criticality
considerations.

- 5.1.3.3 Maintenance Techniques

Due to the passive nature of the proposed ISI SI, the only maintenance on the llSN1 will be periodic
surveillance of the air inlet and outlet vents to insure continued air flow. Routine maintenance on 'theg
transfer cask will also be performed to maintain integrity of top lid, bottom access plate and trunnions.
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/ 'N l
' J 5.1.3.1 Administrative Controls to Limit DBT Effects'-

i
Administrative controls for limiting transfer operations due to potential tornado weather conditions will -

not he required. The transfer cask in transit has been evaluated for tomado wind speeds and D13T efTects
in accordance v.ith 10Cl:R Pan 72 and was found to be enveloped by the evaluation for a design basis
cask drop accident,

p
(
x

[
|
\,_
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,y
V 5.1 A FIGURES ;

,e ,

i

TRUCK SFP CASK
LOADING BAY HANDLING AREA IDFSI SITE

I UPEND TRAhSF EH ! LOWER CASK'DSC i
' '

CASK ON TRAILER *

j INTO DECON PIT AREA )
1

i 7( s

r"%

[310 peuthF '' #LIF1 TR4hSFER CAS( FILL DSC CAVITY
O*F TRA'LER ONIO -

(LOADING BAY FLOOH g WITH B0f1ATED WATER )5 MINIMU W '*8 \ fg

, , , ,.

UPEND DSC .I RIO DSC SHICLD PLUG
3 |. } TO CRANE LIFT YOKC

8c 3 g 3

, ,.-
*

LOWER DSO INTO . PLACE DSC SMIELD
p_ TRANSTER C ASK 4 PLUG MTO DSC

' ' 3;y u -

.

r
FILL DSC/ CASK ANNULUS ' #

MOVE CASK /CSC TO
WITH DEMIN WATER AND C#SK PIT PLATFORM

-

d4 STALL SEAL 5J 11q

E LIFT CASK /OSC TO IATTACH RETRACTABLE
OPER ATING DECK LEVEL CRANE HOOK LIFT ADAPTOR

x 6y TO CASK LIFTING YOKE 12;g
,

Figure 51.
St:llOMS Sptem leading Operations Howchart

,

.
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fN i

il ) u

TRUCK SFP CA&% IO N IlULOADING BAY HAMDLING AREA

r LOWER CASIUDSC TD 7
CASK PIT FLOOR AMD

{ DISENC&GE UFT YOKE9

h
RETRACT UFT ADAPTOR lI

TO ALLOW FOR CLEARANCE
(OVER OPERATING DECK rp

i f
IMOVE CRANE TO POSITION
ADAPTOR, YOKE 4 AND SHIELD

y PLUG OVER DECON PITfg

I F

IREVIEW QUALIFICATION l
STATUS OF

SELECTED IFN3 ygj

\j 1 I
F 3

LOAD 24 IFNS INTO
SUBMERGED CASK /DSC,

i f
TIREPOSTTION CRANE WITH

FULLY EXTENDED UFT

( ADAPTOR OVE CASK yg ,

i r
r LowEn Dsc T

SHIELD PLUG
ONTO CASK /DSC yp

1 I
/ RAISE CASK /DSC TO 3

PLATFORM AFTER
REENCAQlNG LIFT BEAMpg

Figure - 5-2.
N1'llOMS System Loading Operations Flowchart
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.

M

TRUCX SFP CASK 38 * 8U3-
LCAtMioG L9A1 MA!90LIXQ AREA

F DISEM0 ACE UFT YOKE, 3
ROTATE AND

PLACE ON TOP OF CADM

+
REMOVE CRANE UFT
ADAPTER AND NOOK

t CRANE TO LIFT YOKE 2.$

3 BEGIN
LIFT CARK/DSC

FROM PLATPORM 73 3 g 3,

( TO DECON Pff 3)

i f
IDECON TOP SURFACE OF) 2200 SETA!GAMA

DSC AND CASK AS 2200 ALFNA'

CA?R 23 LOWERED PER 103 cugg

I F

REMOVE DSC/ CASK
ANNULUS SEAL LOWER

( WATER S 10 INCHES 3

IF
2200 BET AIG AM A

CHECK POR DSC SURFACE 2m ALPHA
CONTAMINATION AND M m CMplush 17 NECESSARY ffjt

i f
I REMOVE SC GALF OF 3

WATER PROM.
DSC CAYITY gg

I I
- F WITM DSC VENT PORT ?

OPEN, SEAL WELL DSC
SHIELO PLUG gg

Figure 53.
NUllOMS System Loading Operations Flowchart
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Ov
TRUCK pp CA8K

LOADEN3 IIAV KAWUllWG AREA

'I PUMP HELIUM INTO
DSC CAVITY To

DISPLACE WATER 23y

h
FPERFORM VACUUM DRVIND 3 TCER

OPERATIONS TO AEMOVE ' MINIMUM
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1 f
F PERFORM HELluM LEAK 7 L.T. 10 E.4

TEST CH SHIELD PLUG AT M.C CJ S
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V
-

#')_

'f
F SEAL WELD DSC VENT! 3
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TOP COVER PLATE 33; p

1 I
F DA AIN R iM AINtNG l
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|
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ligure 54.

SUllO. TIS System leading Operations llowchartg
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W.
U

TRUCK SrP CASK
LOADING bat; HANDLING AREA ISFSI SITE

I

DOWN.END C ASK AhD )
COLLECT RESIDUAL |,

WAT E fi 38 i
L J

r
SECURE CASK TO
TRAWER TMAILER SKID

3I
L _ _)

' /,TTACH RAM TRUNION
,

SUPPORT FIXTURE
TO CAS4 40 ,

%- /
.I
}

#
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'
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. i 41 ( 42-'

u J u

[ - BACK CASK INTO
T

POSITION AT
| HSM OPENING ,3]

AllON CASK WITH HSM
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( )

l'igure 5-5,

St:llOMS System leading Operations flowchart<
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Onmec ISI SI Safet) Analph Hqort 5.2 C<mteol Havn and Control Arcas

_-
'

5.2 CONTROL ROOM AtlD CONTROL AREAS J

'this is a pmive systern and there is no need for annunicators or other systerns to indicate off normal
'

conditions. -

_.

Surveillance for such conditions will utilin visual inspection techniquet Secunty sunnllante will be tied
into the snain central alann station aas ,or rewndsj alarrn station at the Oconee Nuclear Station
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Onmec ISI'SI Safety Analpis Resort Chapter 6. Waste Management

O
CHAPTER 6. WASTE MANAGEMENT

No radioactive wastes are generated during the storage hic of DSCs. Radioactive wastes pnerated during
loading operations are treated using existing station facihties and procedures.

Contaminated p>ol water removed from loaded DSC5 will nonnally be drained back into the spent fuel
pool with no additional processing. A small amount ( < 15 Cl iDSC) of liquid waste results from trarnfer
cask decontamination. 'lhe decontamination procedure results in a small araount of a
detergenttdemineralized water mixture being collected in the Cuk Decontarnination Pit. IJquid wastes
collected in the Cask Decontamination Pit are directed to the Station liquid Waste Management System
(LWM) for processing.

Potentially contaminated air and behum purged from the DSC following Dsc loading and seal welding
*

operations are directed to the Auxiliary Huilding Ventilation Air System (VA) at a point upstream of the >

I uel fluilding IIVAC filter units and radioactive effluent monitor. Purged gases processed with the l'uel
'luilding ilVAC fdter units are released from the unit vent and will meet station release requirements.
This is the wune procedure currently utili/ed for shipping cask operations.

1 A small quantity ( < $ CP/DSC) of low level wiid waste is generated as result ni DSC loading operations
and transfer cask decontamination The wiid waste generated is processed by compaction or incineration |

- using appropriate facilities. 'lhis low level waste consists of disposable Anti C garments, tape, blotter
paper, rags, etc.

Descriptions of the I.WM, VA and VR Systems are provided in Chapter 11 of the Oconee FSAR.'
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CHAPTER 7. RADIATION PROTECTION
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Onett ISFSI Safety Analysis Neport 7.1 Occupational Radiathe 1.spmures

(,
(

~

l7.1 ENSURING THAT OCCUPATIONAL RADIATION EXPOSURES
ARE ALARA

7.1.1 POLICY & ORGANIZATIONAL CONSIDERATIONS .

Duke Power Co. Radiation Protection and AIARA policies are der.cnbed in Chapter 12, " Radiation
Protection" on page 121 of the Oconee i SAR (Reference 1 on page 7 35). 'lhese policies will be applied
to the independent Spent Fuel Storage Facility. Duke Power is committed to a strong AL%RA propam

-

in design and operation of nuclear facilities. 'the AIARA propam follows the pneral guidelines of
Regulatory Guides 13, SS, 8.10 and 10CFR 20. Plant and design personnel are trained and updated on
AIARA practices and dose reduction techniques. Design and implementation of systems and equipment
are resiewed to insure AIARA worh on all new and modification projects. 'the basic AI ARA propam
consists of

1. The Duke Power Company AIARA Manual;

2. continued surveillance and evaluation of in. plant radiation and contamination conditions, as well as
the. monitoring and control of the exposure of personne*, by the station and general office radiation

-

protection staf1;

3. an AIARA Committee at each station consisting of management and representatives from all poups, ,

including liaison from the general office radiation protection staff, whose purpose is to conduct and
*

appraise the effectiveness of the AI ARA program at the nuclear facility.

U('~'N
1he committae members ha extensive background in nuclear plant radiation and exposure control,
including such areas as layout, shielding, personnel access, ventilation, waste management, monitoring
systems, operations, and maintenance.

Although upper level management is vested with the primary responsibility and authority for
-administering-the Duke AIARA propam, the responsibility for AIARA is extended through lower
management to the individual employee.

Specific responsibilities of the general office and station radiation protection staffs are contained in the
Duke Power Company Radiation Protection Manual,

This rnanual ensun s that:

1,' An effective AIARA progam is administered at the Oconee nuclear station that c . . ..iately
intepates Duke management philosophy and SRC regulatory requirements and guidance.

2. Facility design features, operating procedures and maintenance prac..ces are in accordance with
AIARA program guidelines; and that written reviews of the on site radiation control propam assure
that objectives of the A1 ARA propam are attained.

3. Pertinent information concerning radiation exposure of personnel from other utilities and research
work are reflected in the design and operation of the Duke Facility."

4. Appropriate experience gained during the operation of nuclear power stations relative to in plant
radiation control is factored into revisions of procedures to assure that the procedures continually
meet the objectives of the A1 ARA progam.

.d 5. Nece,sary assistance is provided to insure that operations, maintenance. and decommissioning
activities are planned and accomplished in accordance with AIARA objectives.

73
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]/y 6. Trends in station personnel and job exposures are analyzed in order to permit correctise actions to be
taken with respect to adverse trends.

Reports of the findings of the general office and station radiation protection stafh art also efIectively
conveyed to managernent.

SpeciGe responsibihties of station personnel are to ensure that:

1. Activities arr planned and accomplished in accordance with the objectives of the AIAR A progam.

2. Procedures and their revisions are implemented in acensdance with the obbetives of the ALARA
propam.

3. The general oflice radiation protection star is consulted as necessary for assistance in meeting
AIARA propam objectives.

Other poup and individual responsibilities to the AI ARA propam are outlir'ed in Section 11 of the DPC
AIARA Manual.

The primary Foal of the radiation protection and AI ARA propams is to minimize exposure to radiation
such that the total exposure to permanel in all phases of design, construction, operatian and maintenance
are kept As low As Reasonably Achievable. This is achieved by intepating AIARA concepts into
design, construction, and operation of facdities. 'Ihe radiation protection propam identifies the positions
and responsibilities of participating nryanizations in conducting these p+opams.

Trained personnel adequate to develop and conduct all necessary radiation protection and ALARA
p programs are provided. These permanel are trained to assure that r.ll procedures ere followed to meet

(f company and reFulatory requirernents. Training propams in the basics of radiation protection and
exposure control are provided to all facility personnel whose duties require worl;ing in radiation areas.
Design personnel responsible for design of sptems and equipment in the radiation a.ca are trained in
AIARA design techniques and the fundamentals of dose reduction. Radiation protection persorinel are
provided training to improve their perfonnance in implementing the radiation protection propams. All
personnel are retrained as needed to update practices to current state of the art methods.

The administrative organizatior, is responsible for and has appropriate authority for assuring that the three
basic objectives of the Radiation Protection propam at Oconee Nuclear Ststion are achieved. These
object; ten are to:

1. Protect personnel

2. Protect the public

3. protect the station

Protection of personnel, includes surveillance and control over intemal and cxternal radiatim exposure .
_

and maintaining the exposure of all personnel within permissible limits and as low as .easonably
achievable (AI ARA).

l' hotection of the riublig, includes surveillance and control over all conditions and operations that may
| affect the health and safety of the public. Included are such activities as rrdioactive gas, liquid and solid

waste disposal, shipment of radioactive materials, an ernironmental radioactivity monitoring plan and
maintaining portions olthe station emergency plan,

protection of the Facility, indudes monitoring to wam of possible detrimental changes and exposure
V hazards. to detennine changes or improvement needed, and to note trends for planning future work,

7-4
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/n1
'd 'this admmistrative organitation is also nrsponsible for and has appropriate authority for maintaining

occupational exposures as far below the specified limits as reawnable achievable by assunng that:

1. Station perwnnel are made aware of management's commitment to keep occupational exposures as
low as reasonably achievable;

2. Fonnal resiews are performrd periodically to determine how exposures might be lowered;

3.1here is a well supervised radiation protection capability with specific defined responsibilities;

4. Station workers receive suflicient trairdng;

$. Sufficient authority to enforce safe station operation is provided;

6. 51odification to operating and maintenance procedures and to station equipment and facilities are
made where they should substantially reduce exposures at a reasonable cost;

7.1he radiatik ',rotection staff understand the origins of radiation exposures in the station and seek
ways to reduce uposures;

8. Adequate equipment and supplies for radiation protection weak are provided

1he Station hianager is responsible for the protection of all persons against radiation and for compliance
with NRC regulations and license conditions. This responsibility is in turn shared by all supervisors.
Furthennore, all perwnnel are required to work safely and to follow the regulations, rules, and procedure >
that have been established for their protection.

The Duke Power Company Technical Sptem blanager Radiation Protection establishes the Radiation

O Protection Program including the program for handling and monitoring radioactive material for Oconec

Q that is designed to assure cor.pliance with applicable regulations, technical specifications, and regulatory
aides.1his person also provides technical gmdance and support for conducting this program, reviews the

J .ctiveness and the results of the program and modifies it as required based on experience and regulatory
changes, to assure that occupational radiation ciposure and exposure to the rencral public are maintained
as low as reasonably acinesable.

echnical System $1anager also provides technical assistance to the Vice President, NuclearTh r
Production who has management authority to implement the "as low as reasonably achievable"
(Al. ARA) occupational exposure pohey, to which Duke Power Company is committed.

!

The Radiation Protection hianager at Oconee is responsible for conducting the Radiation Protection
Program that has been established for the station, including the ISI St. The Radia. ion Protes. vn hianager
has the duty and the authority to measure and control the radiation exposure of personnel; to
continuously evaluate and revtew the radiological status of the station; to make recommendations for
control of chmination of radiation 1 aards; to assure that all permnnel are trained in radiation protection;
to assist all permnnel in carrying out their radiation protection responsibihties; and to protect the heahh
and safety of the public both on site and in the surrounding area.

1

In order to achieve the goals of the Radiation Pro &ction Program arid fulfidl these responsibilities for
radiation protection; radiological monitoring, survey and permnnel exposure control work are performed

.

on a continuing basis for station operations and rmdntenat;ce including the ISFSI.|
1

7.1.2 DESIGN CONSIDERATIONb

| [ The design of the DSC and IISN1 comply with 10CI'R 72 concerning Al. ARA considerations. Specific
U considerations that are directed toward ensuring Al. ARA are:
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V * Rick cancrete walh on the llSN1 to reduce the sudace dose to below an average of 20 mr.ht. lhe 20
mihirem per hout dote rate was the appmved maximum for llSN1 wall dose rates in the
NUllONIS 07P Tspiral lhport. Actual calculated 115S1 wall sudace dose rates are below 10 milhrem
pcr hour except a. ent and .loor openinn The llS.Sl shielding design was deemed AIARA
cornidering construction costs, heat dissipation, and access requirements. Also refer to Section 7.1.2
of Reference 2 on page 7 35 for the basis of the average 20 millitem gver hour 11551 contact dose rate.
Additional shielding arnlpis is included in Section 7.3.2.2, " Shielding Analpis" on page 712 and
Table 73 2 of Referena 2 on page L35

lead shield plug on the ends of the DSC to reduce the dose to workers perfomtiog drying, sealing,*

and loading operations.

* Use of a shielded transfer cast for handling and transponation operations ofloaded DSCs.

* l'uct loading procedures whi:h follow accepted practice and bmld on existing experience.

* Recen in the llSM front for the transfer cask to fit into so as to reduce scattered radiation during
transfer.

* Double seal welds on each end of DSC to provide redundant radioactive materiai containment.

Placing clean water in the tratufer cask and DSC and seahng the DSC trantfer cask annulus to*

prevent contamination of DSC exterior during loading.

Placing estemd shielding blocks over lisN1 air outlets to reduce direct and streaming doses.*

Panive sptem design that requires minimum maintenance.*

Insenion ofintemal shielding blocks around air inlets to reducs direct and streaming doses.*

Use of ponable shickling during DSC drying welding operations to limit streaming imm top en<lQ e

shichi plug DSC annulus. The portable shield used during DSC closure operation to lirait streaming
from top end shield plug DSC annulus comists of 2.0 inches of Ilisco NS 3, or equivalent, as shown
in 1:igure A.2. Appendix A of Reference 2 on page 7 35. The portable shield will be put in place to
minimi/e doses during direct access operations such as top shield plug automatic welding ctup,
draining and drying operations, and setup of automa*ic welding equipment for the top cover plate.
The portable shield willincorporate provisions to facilitate access to the drain and fill pons but may
not be necessary during automat.d welding operatiom.

To minimize scatter at the llSM door during DSC loading, the top of the transfer cask docks into a*

recess in the llSM access door opening.

Use of existing shipping procedures and expenence to contml contamination during handling and*

transfer c.f fuel.

lxaving water in the DSC cavity and DSCaransfer cask annulus during welding operations as long as*

possible to reduce streaming through the gap. The water level in the DSCitransfer cask annulus is
lowered to approximately 5 to 10 'nches below the top of the DSC shell. The water level in the DSC.

cavity is lowered to approximately 4 inches bebw the bottom surface of the top end shield plug.
These levels are maintained during shield plug weiding operations. The remaining water in the
annulus is not drained until after the cask cover plate is bolted into place.

Providtng a large control area around the ISFSI and locating the facility well away from normally*

occupied areas.

Operation of the ISI S1 will be performed und(r the Radiation Protection program of the station as*

described in 7.1.1," policy & Organizational Considerations" on page 7 3.

a
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trad blanket screens may le employed to further reduce dose dwing decontamination and transfera

operations. 'Ibese and other AIARA measures precautions may be employed as needed based on
experi6nce gained from preoperauonal testing and early fuelloadmg efTorts.

7.1.3 ALARA OPERATIONAL CONSIDERATIONS

Consistent with Duke Power Company's overall commitment to keep occupational radiation exposures as
low as reasonably achievable, (AIARA), specific plans and procedures are followed by station personnel
to assure that AI ARA goah are achieved. Operational AI ARA policy statements are formulated at the
corporate stafl level in the Nuclear Production Depanment throu3h the issuance of the System Radiation
Protection Manual and the Al AllA .Stanual and are implernented at each nuclear plant by means of
procedures. These statements and proce'"res are consistent with the intent of Section C.1 of Regulatory
Guides h.h and 8.10.

Since the ISI:S1 is a passive system, no maintenance is expected on a normal basis in the facibty.
Maintenance operations on the transfer cask, transfer trailer and other ancillary equipment is performed in
a very low dose environment when fuel movement is nm occurnny.

Maintenance activities that could imolte signi6 cant radiation exposure of personnel are carefully planned.
'lhey t.Gite any previous operating ev rience, and are camed out using we9 nined perstmnel and
proper equipment. Radiation Work P (RWPs) for non routine operations, or Standing Radiation

Work Permits (SRWPs) for routine . dons are issued for each job, listing Radiation Protection
requirements that shall be followed by all personnel working in the Radiation Control Area (RCA).
Where applicable, specine radiation exposure reduction techniques, such as those set out in R gulatory
Gui& h.S. are evaluated and us-d.

The station Al ARA Conunittee carefully reviews operations and maintenance activities involving the
rnajor plan: systems to further assure that omupational exposure are kept Al ARA.

.
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7.2 RADIATION SOURCES+ ,

t

7.2.1 CHARACTERIZATION or SOUROJS |
! 1his vction describes the design basis radiation sources and source geometries used for the 151:51

Nelding calculations. j

Neutron and gammi sources are develorri based on the reference irradiated fuel anembly described in -

. Tible 11 on page 17, lhe reference fuel anembly is assumed to be irradiated to a bumup of 4r (n0t

in3vdimtu and cooled to a decay heat rate of less than or equal to 0.66Kw before bemg stored n the IAC.
''

1he initial o ichment considered is 4.0 weight percent U V5.1he source terms include the irradiated
fuel, activated portions of the fuel anemblies and deposited activity from corrosion products in the reactor ;

. coolant. All primary sources are considered to be originating in *.he fuel with secondary gammas generated
in the shielding considered by the shielding codes used.

The detailed calculation of gamma ray group fractions pmvi&d in Table 7.2 2 of iteference 2 on
-t paye 7 35 is suminarized in Table 71 on page 710.

,

V 1he fuel region is modeled as a homogeneous cylinder for shielding calculations as shown in the model
geometry descriptions. 'lhe homogenous source over the acwe fuel region includes finion product, ;

actinide ind hgi- tment activation product sources. The barnap distribution is anumed flat along the -
i

p 1 arial and radid extent of source.1his modeling technique is used in all shielding calculations except

Q l supplementary calculations performed subwent to ISI Si operation. 'lhe supplementary calculations
t use a het:rogeneous sorce distribution to demonstrate the effect IFA cnd fitting and plenum region light
i e!rment activatien and reduced self shielding have on localized TC surface dose ratet

Addhional details of the radiation source terms arut dose conversion factors used in ISFSI shiciding,

analysis are provided in Section 7.2.1 of Itrference 2 on page 7 35. .

Il
7.2.2 AIRBORNE RADIOAC11\E MATERIAL SOURCES

,

The DSC is double v:.1 welded to prevent any gaseous retxse of smatgial during storage The possibility
of release during fuel handling in the spent fuel pool is covered in the accident malysis. 'lhe other possible
source of airbome radioactive material is the outside suiface of the DSC. This surface is protected from ,

contamination whi'e the DSC is in the fuel pool by filling the annulus t'etween the DSC and the transfer ,

!caski% & mineralized water and r.ealing the annulus to prevent pool water from coming in contact with
the' outside surface of the DSC,1his prevents any significant accumulation of potential airdome sources
on the canister. The outside surface of the transfer cask is considered to be conte.minated upon rem.
from the fuel pool and will Sv. cleaned and swiped to be sure no unacceptable contamination remains
before leaving the fuel builain .s

Cask venting releases are directed to the fuel pool IIVAC units upstream of the llFpA and carbon filter
units. The filtered gas is ultimately released through the unit vent af.er it is monitored by both the spent
fuel pool storage area llVAC monitor and unit vent monitor.

V .
'

O
L
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\'~) 7.2.3 TABLES
>

i.
'

._ .

Tat 4c 7 l. Gamma l'.nert/ Sgutrum

Cask Gamma
l'.ncrgy I' ,, l'.n,m. Source Strength.

Group No. (S1cV) (.%1cV) (l' hot (ms/wc/wistist)

23 10.0 0

24 80 0

25 6.5 5.50 3.84 + 6

a 75
2t, 50 4.25 1.16 + 7

3.75

27 4.0 3.25 1.53 + 9

2N 3.0 2.60 8.93 + 9

2 40 ,

29 2.5 2.00 3.96 + 11

30 2.0 0

31 1.66 1.57 1.884 13

32 1.33 1.13 2,66 + 14

33 1.0 0

34 0.8 0.65 4.34 + 15

35 0.6 0

36 0.4 0.30 1.92 + 14
,

37 0.3 0I\v''; O.17

38 0.2 0.12 4.91 + 14

0.085

39 0.1 0.055 1.11 + 15

0.030

40 0.05 0.010 JJL+ 15
E 9.60 + 15

All Group
_

$

k|

i
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7,3 RADIATION PROTECTION DESIGN FEATURES

7.3.1 INSTALLAT!OH DESIGN FEATURES

'the design considerations bated in Section 7.1.2, " Design Considerations" on page 7 5 enn.re that
occupational exposures to radiation are Al ARA and that a high degree of integrity is obtained for the
confmement of radioacthe materiah. The 151:S1 will be hand monitored as needed for construction,
loadmg and unloading operations. Since the storage faci 1ity contains no active sptems, no continuous
monitonng sptems other than fence mounted dosimetr> or alarms are needed. Applicable portions of the
guidance given in Regulatory Position 2 of Regulatory Guide 8 h have beco followed: 1) Accen control of
radiation areas is addressed in Sectiom 7.1.3, "Al. ARA Operational Considerations" on page 7-7 and
10.2.5 " Administrative Controh" on page 10 ti. 2) Radiation shields substantially reduce exposure of
personnel during opetutiom and storage; radiation streaming has been reduced by providing labynnth type
shield penetrations. 3) NUllON1S 24P is a passive smrage sptem; no process instrumentation or controb
are necessary during storage. 4) Airborne contaminants and gaseous tauiation sources are controlled by
the integrity of the double seal welded DSC assembly. 5) No crud is produced by the NUllOhtS 24P
sptem. t,)'lhe necessity for decomamination is reduced by maintaining the cleanliness of the DSC during
operations (see Section 5.1, " Operation Description" on page 5 3); the DSC surfaces are smooth,
nonporous, and free of crevices, cracks, and sharp comers. 7) No radiation monitoring system is required
during storage. b) No resin or sludge is produced by the St llON1S 24P sptem.

Radiation sources are contained within DSCs which are stored in concrete llSNis. 'the radioactiveO scurces are described in detailin Section 7.2.1 of Reference 2 on page 7 35.

7.3.2 SHIELDING

7.3.2.1 Radiation Shleiding Design Features

Radiation shielding is an integral pan of both the DSC and llSN1 designs. 'the features described in this
section assure that doses to personnel and the public are "as low as is reasonably actuevable" (Al. ARA).

The DSC body is a rolled stainless steel plate. Details of the DSC and llSN1 and relevant dimensions can
be found in the drawings in the proprietary supplement of Reference 2 on page 7 35. Two lead fdled
shield plup prmide neutron and gamma shielding at the ends of the DSC. During handling onerations,
shielding in the radial direction is provided by the NUllON1S 24P transf r cask.

Two penetrations in the top shirided end plug aikiw water draining, vacuum drying and helium backfilling
of the DSC. 'lhe penetrations are located away from fuel assemblies and contain sharp. non-coplanar
bends to reduce radiation streaming, ligure 71 on page 715 shows the phpical arrangements of the
DSC end shields and locat on of doses reported in Table 7 2 on page 714. These dose rates assume thei

water leveh in the DSC cavity end D5C/ Cask ann ilus are lowered to the Inch specified in Section
1.31.7, "Sptem Operation" on pag- 1 13.

The transfer cask provides radiologica' shielding dunng the DSC dr,.ing operation and during the transfer
to the llSN1. Iloth neutron (solid llisca NS 3) and gamma (lead) shielding are incorporated into the cast
de. sign. The SS 3 neutron shield is 3' thick (nominal) and has a density of 1.76 gm/cc. A 10% hydrogen
content loss is assumed in the shielding analpis due to anticipated degassing of the SS 3 induced by
elevated temperatures. The as bui' tr.msfer cast lead gamma shield thickness is verified through
radiographic examination to be 3.3h" thick (nominal), but varies in thickness from approximitely 3.15' to ,

7 11
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f
b 3.5'. Areas where the lead thickness falh below 3.W are covered by an additional 1/4' thickness of

stainless steel neutron shield jacket to compensate for the reduced gamma shielding ellectiveness of the
lead.

'

The llSN1 provides shielding in both the radial and asial directions during the storage phaw. Thirty six
inch thick, portland cement, concrete walb and roots provide neutron and gamma shielding. The module's
front end opening is covered by a three inch thick carbon steel door with a neutron shield.

Openings to the llSN1 interior are placed above the end sideld regios, and not directi) over the active fuel
region. Sharp duct bends and concrete shielding caps over the exhaust exits assure that radiation Streaming
is reduced to a minimum. l'igure 71 on page 715 shows detaih of the module penetrations and
locations of doses reported in Table 7 2 on page 7 It

Portable shielding during handhng operatiom. may be applied during specific handling operationo
llowever. Section 7.4, * E"imated On Site Collective base Anessment" on page 717 provides an
assesstnent of design basis omsite doses wi bout the use of portable Shielding.

7.3.2.2 Shielding Analysis

lids section describes the radiation shielding analytical methods used in calculating relevant
NtlilOMS 24P sptem dose rates during the handling and storage phaset The dose rates were calculated
at the locations listed in Table 7 2 on pape 714. Figure 71 on page 715 shows these locations on the
llSM, DSC and transfer cask. The three computer codes uwd for analysis are described below,

i

'p Computer Code) ANISS (Reference 3 on page 7 35) a one dimensional dherete etdinates tramport
computer code, was used to obtain neutron and gamma dose rates at the outer llSM wall, centerline of
DSC end plug, and outside the loaded transfer cask. The CASK (Reference 6 on page 7 35) cross section
library, which contains 22 neutron energy groups and Ib gamma energy groups, was apphed in an 5 P or3

5 P approximation. Calculated radiation fluxes were muhiplied by Hux to-dose conversion factors to3 3
obtain final dose ratet The ANISN calculations used coupled nennon and gamma librariet Therefore,
both primary and secondary panunas are calculated in each run.

1 QAD CG (Reference 4 on page 7 35), a three dimensional point kemel coje, wa; used for direct gamma
shicHing analysis of the llSM door, the DSC and t.unsfer cask end sections, the DSC, transfer cask

I annuius, and the llSM air vent penetrations Mass attenuation, and buildup were all obtained from
1 QAD CG's intemal library for eight energy groups.1he gamma energy spectrum was detennined in the

same manner as the ANISS analysis.

ShielJing analpis results are summarized in Table 7 2 on page 714. Additional detaib regarding
methods, rnodels and assumpticas used in ISI Si shielding analpes are provided in Section 7.3 of
Reference 2 on pape 7-35,

1 A imilar version. QAD CGGP, is used in supplementary calculations performed to detennine the level of
1 localized gamma dose rate peaking which may occur over areas of the TC surface corresponding to IFA
1 end fitting and fuel pin plenum axial elevation . Gamma sources and spectra for the various IFA source
I regions modeled (i.e., active fuel, upper and lower end fittmps, and upper and lower fuel pin plenums) are
i determined in the ume manner as in ISI:S1 ddelding calculations described in Section 7.3 of Reference 2

1 on page 7 35.

(
(
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'I able 7 2, hhiciding Analpis Rnults

Neutron Dme Gamma Dme Rate (mr/hr) .g ,g 9,
Rate (mr/hr) Priniar) and Secondsr)* p ,,,

location Direct Rennted Dirnt Henntnl (mr/ht)
_

DSf_.In.Ilut

1. IISM Wall or Roof (tl " 7 " 7

2. IISM Air Outlet No 0.2 <1 h3 63

Shielding Cap
3. IlSM Air Outlet (No 0.7 15 390 4200 4606

Shielding Cap)
4. Center of Door 37 " 8 " 45

5. Center of Opening 430 " 330 " 7N)

6. Center of Air inlets 0.1 2 *7 h6 hh

7, 4.511.1 rom IISM 20 " 4 " 24

Door

I.WC in C/6X

1. Centerline 'Iop of DSC 5.3 " 10 ' 15

Plug (with water in
annulus and with 2
inches temporary
rieutron thieldir.g)

2. Top of DSC Cmcr
I' late (with wate- in
annulus and with 2
inches of ,emporary
neutron shielding)
h, Centerline 40 " 30 ' 70

b. Gap (peak)*" 32 ' 24 100 156

3. 'l ransfer Cask Surf are
I a. Radial (Centerline) 54 " 146 '' 200

1 Radial (Peak"") 54 " Si1 " 565

b. Top axial 15 " I n 16

c. Ilottom axial 32 " 16 " 4h

Notes:

* T. DSC Cask annulus is fdkd with water and additional neutron shielding material is utilized as
requh d. In addition, all but top six inches of the DSC innu cavity is assurned to be filled wiih water for
this operation.

" The reflected dose at these locations is negligible.

"* The same gap dose rate applies for case where only top lead plug is on Dsc. The dose rates reported
are with water in the DSC cask annulus (hov ever, no water was assumed to be in the DSC).

1 "" listimated maimum radial surface dose rate localized near li'A end fitting and fuel pin plenum axial
1 elevations.

7 14 RI:V:(30 Jt NI; 1991) I
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x

7.4 ESTIMATED ON SITE COLLECTIVE DOSE ASSESSMENT

7.4.1 OPERATIONAL DOSE ASSESSMENT

This section catablishes the expected cumulative dose delivered to site personnel during the fuel handling
and transfer activities associated .vith one NUllON1S-24p module. Chapter 5, " Storage System
Operations" on page 51 describes in detail the ISI SI operational procedures, a number of which involve
radiation exposure to personnel.

'lhe storage facilit) is sunounded by a large open area for operational and security purposes. Access to the
storage modules is restricted such that for normal operation, no access closer than 50 feet is allowed
except for security purposes. Except during periods of additional module const n tion, there is no adjacent

,

work area close by, so very little dose is received from fuel in storage. Access is primarily needed to load
new canisters into storage modules and dose from previously stored fuel will be received during these

! operationsc The occupational exposure received during DSC transfer operations is included in the
operational dose assesstnent suinmarized in Table 7 3 on page 719. The occupational dose estimates
provided in Table 3 on page 719 are calculated using reference fuel assembly characteristics (see
Table 1 ! on papc v7) and other site specific parameters. Dose contributions from hidden module scatter
eflects and self shielding for an 88 loaded module array are included in the Table 7 3 on page 719 results
for DSC transfer operations. The dose received for other operation > perfonned within the llSM storage
facility secured area is negligible.

( The phased construction of modules up to the licensed capacity of M will be undertaken on an as needed,

basis considering required lead time, station operation and construction schedules. Increments of
additional module construction are flexible. Duke expects to construct an average of 4 to 5 additional
modules per year (considering normal station discharge rates) until the ultimate licensed capacity of SS
IISNis is reached. Construction work performed subsequent to the loading of any llSN1 with spent fuel
will result in worker exposures frorn direct and sky shine radiation in the vicinity of the loaded llShis,

!

Dake plans to locate additional storage units beside the existing units to eventually form an efketive 2 x
44 array of modules upon completion as shm.n in Iigure 4 3 on page 4 26. In this manner, dose to
construction workers will be minimized since the dose rates along ihe side of the llSM are much lower
than those at the front of the module where here are vent openings. Construction materials wdl be staged
away from the adjacent loaded llSNis, and very little work will be done in the higher dose rate area in
front of the llSMs. Also, it is expected that new ilSM construction will be commenced before all the
existing IISMs are filled. Therefore, the llSMS adjacent to the new construction may be empty during
some or most of the construction phase. The construction area will be surveyed prior to beginning work

_
" to ascertain actual dose rates and temporary shielding may be provided if needed to lower any

- unacceptable dose rates: The most significant dose rate contributors to the construction area are the inlet
and exhaust vent openings. These dose rates may be reduced using temporary shielding screens around the
vents near the construction area. After the concrete is placed for the additional modules, the additional
shielding will further reduce dose rates.+

The dose estimate for additional construction is based on labor cost estimates for a 2 x 10 module array.
It is assumed that 60 percent of th labor hours are expended in the radiation area and the prefabrication
work is done in low or no dose areas. Table 7 4 on page 7 22 surrunarizes expected construction doses by
task.

T
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'the maximurn dose received from the loading, cocitruction, and maintenance of lioniontal Storspe
Stodules is 15 Rem per year for the expected loading rates. 'lhis is approximately 1.5*. of normal station
dose. 'the total includes fuel handhng and canister loadinE operations, additional module construction and
general maintenance of the facihty. 'Ihe dose estimate conservatively assumes design basis source terms
for all fuel, construction of add 2tional modules at a rate of 5 modules per year and general area doses from
a full 58 module array for the entire period of IISN1 construction. Actual doses will be far below these
estimates.

7.4.2 STORAGE TERM DOSE ASSESSMENT

No firm construction schedvle for module addition has been developed at this time and thus the attay
sites enentioned in Section 7.4.1, " Operational Dose Assessment" on page 717 are representative of
possible additional increments. Additional increments of IISN1s will be constructed as required to balance
the ofbloeding of Oconee a fuel from the storage pooh. > nd transhipment to the federal repository.

Iigure 7 2 or. page 7 24 is a graph of the dose rate (mr hr) versus distance from thi face of a 2 x 3 array
of SUllON1S 24p llSNis. 1:igure 7 3 on page 7 25 and I:igure 7 4 on page 7 26 show the dose rate
versus distance from the front or side of tF array for various other llSN1 array site These curves were
constructed from the shielding analysis described in the previous sections snd are for the dose rate in the
worst case direction from the modules (perpendicular to the doorn. The bounding conditions may be
obtained by simply scaling the resuhs from these curves. Direct r.eutron and gamma flut as well as the
air scattered radiation from the module surfaces are considered. 'the surface radiation source used for the
direct and air scattered dose calculations are shown in 1:igure 7 5 on page 7 27. Neutron and gamma flux
spectra for the surface of the llS$1 are provided in 'Iable 7 5 on page 7 h 'lhe llSN1 surface spectra are
obtained from normalized ANINN model flux data. ihe ANISN 11S)( model as well as the CASK cross
section hbruy are described in Section 7.3.2.2 ef Reference 7.2, "rtadiation Sources" on page 7-9. The
CASK cross section hbrary is made up of 40 energy groups (gmup.122 are neutron and groups 23 40 are
gamma). Ait-scattered dose rates are determined with the comput r code SKYSillNihil (Reference 7.5,
" Radiation Protection program" on page 7 29): direct dose rat es aa calculated using the computer code
$11CROSilli:1.D (Reference 7.7, "listimated Off Site Collective Doses" on page 7 33). The direct flux
from the " hidden" row of modules is considered completely shielded by the front row. All llSNis are
assumec' loaded with ufliciently cooled (50 66Kw per assembly) spent fuel

7 18
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7.4.3 TABLES

Talde 7 3 (Page I of 3). Summar) of litimated On Site Doses Resulting from ISI'SI Operations'".
(Per DSC 't ransfer to ilSM)

An c. Dist.
I' rom Cask / Total

Nurnber DSC/ Cask Dose Pc wnnel
of Tim @ Surface Rate Dose

Operation Perwnnel (llours) (l'cet) (mH 'llt) (P mR)
,

location: 1:uel Pool

Icad I uclinto DSC 2 8 GAO) 2 32

Place Shielded 1:nd Plug 2 0.5 GA 2 2

on DSC

location: Cask I andlitig Area

Decontaminate and Suncy 3 2 8 Side 35 210

| A( Suriate of Cask

(V lower Water 1evelin DSC 2 0.25 1.5 l'/D Port 48 24
i

Cavity and DSC! Transfer 2 2 UA 2 8

Cask Annulus

Tack Weld Top 1:nd Shield 1 0.25 1.5 'I op i dge 48 12

Plug to DSC

Set up Automatic Weldcr 2 1.5 1.5 Top Edge 4R 144

and Seal Weld lop !!nd 2 3 GA 2 12

Shield !' tup to DSC

Perform Dye Penetrant lest 1 0.5 1.5 Top i dye 4S 24

on Welds

Remove Remaining Water / 2 0.25 1.517|D Port 55 27

Vacuum Dry DSC Cavity 2 3.75 GA 2 15

llackfdl DSC Cavity With llelium 2 0.5 GA 2 2
l

llelium I cak Test 1 0.5 1.5 Top lidge 61 31

Seal Weld Vent / Siphon Ports 2 1 1.5 P/D Port 61 122

|
Perform Dye Penetrant Test 1 0.25 1.5 Top Edge 61 15

; on Welds

( Install Top Cover Plate 2 0.25 1.5 Top Edge 61 31

| Weld Top Cover Plate to DSC 2 0.35 1.5 Top Edge 61 43
' 2 2.65 GA 2 11

7 19
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,,s
( )
U 'lalde 7 3 (Page 2 of 3). Summar) of Ibimaltd On Site Dmes Resulting from ISlSI Operations"'.

(l'er DSC ~ltansfer to 115\1)

At c. Dist.
I' rom Cad / Total

Number DSC/Ca4 Dow Perwnnel
of Tim @ Surface Rate Dose

Operation Perwnnd (llours) (l ert) (mR/Ilt) (P mR)

Perform Dye Penetrant lest 1 0.5 1.51opli!ge 61 31

on Weld

Rernove Seal, Drain Cask /DSC 2 0.75 1.5 Top IMge 151 227

Annulus and Swipe 2 3.25 GA 2 13

Install Catk llcad and 11011 2 0.5 1.$ Ter IMpe $$ 85

Into Place

Irwer Transport Cask to Skid 2 1 4 Side 120 240

and 1 railer 4 2 8 Side 67 536

Iccation: Trailer!!15N1

Attach Skid Tiedown to Trailer 2 0.25 1.5 Side 210 105

l /* Transport Cask to llSM i 1 8 Side 67 67

3 i GA 2 6

Remose Cask Ilead, llottom 2 0.5 1.5 llot/ Top 90 90

Cover Plate and Position Ram

Align Cask with 11S.\1 and 4 1.5 4Eide 120 720

Install Cask Restraints

Transfer DSC from Cask 4 0.5 4 Side 120 240

to 115.\1

install Seismic Restraint 2 0.08 1 DSC Top 760 122

i Close and Tack Weld ilSN1 1 0.25 4,5llSM 23 6

! Door

| Radiation Protection Suney 1 1 3 IISN1 5 5

of !!SM

t''h

:h

7 20
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Table 7 3 (l' age 3 of 3). Summar) of litimaint On Site Dows Resulting from ISI'SI Operations"',
(l'er DSC Iransfer to itSN1)

Asc. Dist,

l' rom Cask / Total
Number DSC/ Cask Dose I'c wwmel

of 'llete Surface Rate Dose

Operation Perumnel (llours) (l'cet) (mk/llr) (P.mR)

Totid for TrandnDpnalion (l'.mtem) SI)
Nott%:

1. Monitoring operation Personnel will be mortitorinF the operation so that any problems wideh may
arise can be swiftly corrected.1he personnel may leave the area if necessary and the operation could
be monitored from a remote location out of thr radiation field.

2. Estime-d time, are conservative estimetes for personnel working in the radiation field around the
cask o. 'lSM.

3. GA refers to General Area and is used to indicate workers in the room or area with the DSCTiransfer
Cask to maintain visual control over operations in areas where the dose contribution from ISI:S1
operations is very low.

7-21
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(n) - -

Table 7 4. Dew litimate for Construction of Additional llorirontal Stormgr Maluin liased on lAlor
litimates for 2 X 10 Array

lloun in Aterage Masimum Total
Numler Radlailon Ihw Hate Indiv. dow Task Dew

Task Wo:Lers Area (mrem /hr.) (l' mHem) (PrnRem)

Suncy 4 $0 2 25 100

!!xcavation 4 192 2 96 383

Concrete llawmat k 192 2 48 383

l-orming ScalloldinF Retar F h496 2 2124 16992 i

Crane Operation I 96 2 192 192

Steel Installation S 1920 1 240 1920

Weldmg 1 30 1 30 30

Surveyor $ (Steel) 4 167 1 42 167

Crane Operation (stect) 1 75 1 75 75

l'aint b 96 1 12 96

Clean up 2 42 1 21 42

b\ TOTALS 11354 20379G
1 stimated dose: module construct d = 1.02 l'erson iteme

!!stimated maidmum indisidu.d dose module = 106 Person mitem

|
1.

l
I

f

V
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; on,ce ?SI'SI Sak , Analpis Rqort 7A litimatcJ On Site Collectisc Dose Assessment
n

. + . .

>w.
'

,- fan / eutron and Garama Energ3 Spectra

y ~'

Cask 1;brary
Group No. Normalized liuse5 w >

! l 0.00(K105

2 0.000030

@- 3 0.000138
*i 4 0.000982,.

'i 5 0.002567

g" 6 0.(d)2456
1 7 0.002970

'
v 8 0.007440

9 0.006S20-

a lo 0.011135
I" t 11 0.017633

r 12 0.018344

e 13 0.026757

n 14 0.042225

s 15 0.019154

16 0.024170

17 0.020290

18 0.014654
14 0.019S03

20 0.017683

~4, 21 0.018680
* 22 0.72604ft

' Num of Neutrons = 1.0

*+ 23 0.000018

24 0.000145

25 0.000248 -

26 o ".''9283
_

27 .0003S3 y
2R 0.000275 {

G S 0.00100S :
'

a 30 0.009272

m 31 0.007947

m 32 0.057772

a 33 0.051577

s ?4 0.074007

35 0.1237 0
36 0.f'93142

37 0.137524

38 0.316630

39 0.125240
40 0.006775 ,

* * Sum of Gammas = 1.0

0
7-23
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1 Ocwee ISFSI Safety Analysis Report 7.5 Radiation Prorrtion Program '

/: ,

D..

7.5 RADIATION PROTECTION PROGRAM

'lhe IsFSI is to be located adjacent to the Oconee Nuclear Station within the Owner Centrolled Area.
The Oconee Nuclear Station Radiation Protection Manager will have responsibility for Radiation
Protection activities at the ISFSt.

The Radiation Protection and AIARA programs are discussed briefly in Section 7.1.1, " Policy &
Organizational _ Considerations" on page 7-3 and will be as discussed in the Oconee Nuclear Station
FSAR, Chapter 12. Detailed discussions of Radiation Protection and AIARA are contained in Duke

- Power Company's llealth Physics and AIARA program manuals.

Radiation protection requirements for all radiological work at the Oconee Nuclear Station is govem. ' ',y.

existing station directives, the'Oconee Radiation Protection Manual, and station rediation protr .on
_ (k.P.), procedures. R.P. practices for DSC loading, transfer, storage, tronitoring, and retrieval wi} also-

be based on existing procedures, as well as on current and anticipated conditions when the task is > be
performed. These procedures include, but are not limited to, the following:

1. Procedure for permnnel dosimetry issue.

2. hsuance, revisioni vH .ermination of radiation work permits and :Meng radiation work permits.

3. Procedure for roping clf, banicading, and posting of radiatio.i controi zones

4 Decontamination procedure for equipment and areas.
,

( _ 5. Smear swab sarnpling, counting, and calculation. -s

6. Procedure for quantifying airborne radioactivity.

7.; Radiation Protection ALARA preplanning work,

in ' addition, the Radiation Wstk Pertr% for the maintenance and fuel handling tasks associated with DSC
noerations will incorporate radiological hold points and precautions, where necessary,' to ensure these.
activities are performed in a radiological safe manner and are ALARA.

Procedures and equipment for personnel in decont amination operation's are in placs at Oconee and will be
utilized as needed for ISFSI operations,

,

a
'

,
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Oconce ISI'S] Safety Analysis Report 7.6 Emironmental Monitoring Program

. j
N

7.6 ENVIRONMENTAL MONITORING PROGRAM
+

The curreta radiological emironmentalinonitoring program for Oconee Nuclear Station will also serve as
the operational program for the ISFSI.

No liquid or airborne effluents are anticipated from the llSE Therefore, the dose to any offsite point
will only be from direct and scattered gamraa radiation. Several environmental sampling locations for .
direct radiation are presently located at the Oconee site boundary surrounding the ISFSI. The closest of

. these is less than 0.3 miles from the ISFSI, well within the 1 mile exclusion area boundary, in addition,
the dose rates at the ISFSI will be monitored periodically with fence mounted dosimetry as part of the
Oconee routine radiological monitonng program. This will be used in part to control occupational
exposures and will also aut nent the emironmental program.

As a result, no changes to the environmental program are anticipated.

.

.
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iQ
\%j)

U ESTIMATED OFF SITE COLLECTIVE DOSES

Doses to any othite point are only from direct and scatter Famma radiation from the storage moduie. The
estimated dose frorn the modules to any dose point beyond the site boundary is well below regulatory
limits even when cornbin-d with station doses for both airbome and direct gamma dose.

The ISI SI is situated approxirnately I mile from the exclusion area boundary. '1he er.timated maximum
dose rate in any direction at 5000 feet for up to an 88 module arra'' 'llSN1'r ar provided by Fipre 7-2
on page 7 24 through 1:igure 7-4 on page 7 ?6 is lest than 1.0 x 106 mr ~hr. The estimated annurd dose
to the public is conservatively calculated as 7 person millrem per year. The maximum dose to the nearest
potential future resident from the ISI'S1 is 7.51 2 milhrem per year.

l O
V

_
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' A '

CHAPTER 8. ACCIDENT ANALYSES
4

In previous chapters, featutes important to safety have been identified and discussed. 'the purpor of this
chapter is to identify and analyze a ranFe of credible accident occurrence, (from minor accidents to the
design basis accidents) and their causes and consequences.1:or each situation, reference is made to the
appropriate chapter and section devTibing the considerations to prevent or mitigate the accident.

ANSI /ANS 57.91984, " Design Criteria for an independent Spent I;uel StoraFe Installation (Dry Storage
Type)," dcEnes four categories or design events that provide a means of establishing design requirements -
to satisfy operational :md safety critena. The first design event is associated w;th normal operation. The
ser" d and third design events apply to events that are expected to occur during the life of the installation.
The fourth design event is concerned with severe natural phenomena or low probabuhy events. The
second design event is addressed in Section 8.1, " oft Nonnal Operations" on page 8 3 and the third and
fourth design events are diwussed in Sectio.- 8.2. " Accidents" on page h 5. (The first design event is
addressed in Chapter 4, " Storage System" on page 41 and ner.1 not be addressed here.)
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f
\

8.1 OFF-NORMAL OPERATIONS

In this section, design events of the second type as defmed by ANSliANS 57.91984 are addressed. Design
events of the second type consist of events that mi@t occur with moderate frequency on the order of once
during any calendar year of operation.

The limiting off normal evem is defined as . 2.mmed DSC during loading or unloading at the ambient
temperature extremes of 40*F and + 125'F as described in Reference 1 on page 817 (Section 8.1,
"Off Normal Operations"). This postulated event results in the limi ing structural loads on the DSC andt

thermal loads on the DSC and llSN1 for all identified otT-normal events. The ambient extremes for the
Oconee site are bounded by the assumed values. .

,

8.1.1 JAMMED DSC DURING LOADING OR UNLOADING

8.1.1.1 Postulated Cause of Jammed DSC

If the transf- mk is .iot accurately aligned with the llSN1, the DSC might become bound or jammed ,

duricg the sfer operation. The maximum tolerable misalignment for the Oconee ISFSI transfer
*

operation is discussed in Section 5.1 of Reference 1 on page 817.

8.1.1.2 Detection of Jammed DSC

i When DSC jamming occurs, the hydraulic pressure in the ram will increase above normal insertion
'

pressures. When this occurs, the DSC will be presumed to be jammed. The pmhing and pulling forces are
limited to 20,000 lbs., with override control available to the operator.

8.1.1.3 Analysis of Effects and Consequences

The analysis of the DSC under assumed jamming and binding conditions is cos cred in Section 8.1.2.1 of .

Reference 1 on page 8-17. In both jammed DSC scenarios considered, the =ress on the DSC body is
shown to be much less than the ASNIE code allowable stress. Therefore, plastic deformation of the DSC
body will not occur and there is no potential for rupture. The analysis presented in Reference 1 on
pac 817 is applicable to Oconee ISFSI operation.

The ram force is limited to 80,000 pouads by a factory set and sealed crossport relief valve. This relief
valve is installed in the hydraulic control system and is factory set to relieve at pressures which limit both
the extensien and retraction forces of the hydraulic cylinder to 80.000 pounds force.

8.1.1.4 Corrective Actions

in cases of DSC jamming or bindmg, the required corrective action is to reverse the direction of applied
force on the DSC, and retum the DSC to its previous position. Since no plastic deformation has occurred,
the retum of the DSC to its previous position will be unim,,eded. The transfer cask alignment is then
rechecked and the transfer cask repositioned as necessary before reinserti- is renewed.

s
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'

S.1.2. RADIOLOGICAL IMPACT OF OFF NORMAL OPERATIONS
7

Based on the off normal operation analysis results presented, there is no additional radiological impact -

-due to off normal operations beyond what is presented in Chapter 7, " Radiation Protection" on page 71
of this SAR.

!
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7
(.

8.2 ACCIDENTS

'Dus section~ addresses design events of the third and fourth types as defined by ANSI /ANS 57.919M, and
. other credible accidents which could impact the safe operation of the Oconee ISI:SI. 'ihe postulated
events addressed are:

. less of| Air Outlet Sidelding
-

. Tomado/Tomado Missile

. liarthquake

. Transfer Cask Drop

. Transfer Cask loss of Neutron Shield ,

.' Lightning

. Illockage of Air inlets and Outlets.

DEC leakage

. Accidental Pressurization of DSC

1.nad Combinations

I:loods -.

/
lixplosions-( *

- The postulated accidents listeu above include dl events identified as IC.entially resultmi n offsite doses in
excess oi25 mrem.

8.2,1. LOSS OF AIR OUTLET SHIELDING
,

This postulated accident involves the loss of both air outlet shielding blocks from the top of the llSM All
other components of the Oconee ISFSI are assumed to be in their normal conditions

8.2.1.1. Cause of Accident

The air outlet shielding blocks are designed to remain in place and complethly functional for all events
- except tomado missiles. To demenstrate the safety of the ISFSI design, this ec6 dent assumes that both

|?
. shielding blocks are ecmpletely lost.

The air u;tle: dield blocks are attached to the llSM by velding to an embedded plate in the llSM rooi.
In the highly uni kely event of a recovery situation, the damdged shield block would be removed from the -
IISM and temporary shielding would be placed around the outlet opening in such a way that a worker

[ could perform the ndeessary recovery techniques with a nsnimal radiation exposure. All Duke ALARA
procedures, such as pre staging construction activities in a no-dose area, would be followed throughoutC

.

| the entire recovery process |
[

.

8.2.1.2 Accident Analysis .

-
'There are no structural or thermal consequences to the ISFSI facility resulting from the loss of the air ;

' ~ outlet shielding blocks. The air flow resistance is less without the shield blocks and, hence..the air flow

8-5-
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4

9

T will it. crease (slightly) and provide more cooling of the DSC. Radiological consequences of this r.cident
are described in the next section.

8.2.1.3 Accident Dose Consequences
.

- OfNic radio!ogical consequences result from an increase in air scattered (skyshine) dose due to the loss of
A ' the slaJd blocks. Onsite radiological consequences result from an increase in direct (during recovery-

operations on the llSN1 roof) and skyshine radiation. The calculation of these doses during' normal
conditions is described in Section 7.4, " Estimated On Site Collective Dose Assessment" on page 717.
Removal of the shield blocks results in local surface dose increase of 3600 mr/hr at the vent opening. This
increased surface dose was used in the models described in Section 7.4, " Estimated On. Site Collective

- Dose Assessment" on page 717 to calculate the direct and scattered doses as a function of distance from
- the llSN1. Table 81 on page 813 shows comparisons of the increased dose rate as a function of dictance -
due to loss of the shielding blocks.The dose increase to a p~ son located 100 feet away from the ISFSI

~

btallation for eight hours a day for seven days (recovery time) would be 30 mr. The increased dose to an
aftsite person for 24 hours e day for seven days located 5000 feet away would be minimal. j

'Io recover from the loss of shielding blocks.' a new block is transferred to the'llSN1. After the shield
.'

block ~ is transferred to the_ llSN1, a yard crane is used to lift the block into position. The block is then
bolted in place. The entire remounting og rathn should take less than 30 minutes, of which a mechanic
will be on the llSN1 roof for approximate y 15 ruinutes. During thh time he will receive less than 50 mr.
An additional dose to=the mechanic and to the crane operator on the ground wlOc puttir.g the shield
block in place will be 10 mr each Ossuming and average distance of 10 ft. from the center of the llSN1 - ,

front wallt
jy
b 8.2.2 YORNADO/ TORNADO MISSILE

*

8.7 .t Muse of Acciaent

The most severe tornado wind loadings specified by NUREG 0Ro0, SRC Regulatory Guide 1.76 and the
Oconee 1:SAR are used as the d: sign basis for this accident condition. ,

_8.2.2.2L Accident Analysis

: The applicable design parameters of the design basis tomado (DIIT) e e specified in Section 3.2.1,-
" Tornado and Wind loadings" on page 3-7 of this SAR The DtlT design parainetrrs specified in
Section 3.2,1, "Tomado and Wind 1cadings" on page 3 7 are identical to those used m the reference
Topical Report in the detennination'of forces on structures for this accident; The analysis of the llSN1---
and Transfer Cask tesponse to DilT loadings is covered by the analysis presented in Section S.2.2 of

~

Rein:nce 1 on page 817.

'8.2.2.3. Accident Dose Consequences

The only componcut of the ISFSI facility which is not capable of withstandng tomado generated missiles
are the precast air'.-outlet shielding blocks. The consequences of losing the shielding blocks during thisi
accident is presented in Section b.2.I'.3, " Accident Dose Consequences" of this SAR.

&

A

.-
8.2.3 EARTHQUAKE-

' T,

,

m-
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' - 8.2.3.1. Cause of Accident -

As sp4fied in Section 3.2.3, " Seismic Design" on page 310, the ISFSI MllE acceleration value is 0,15g
for both venical and horizontal ground acceleration.

8.2.3.2 Accident Analysls -{

The reference Topical Report analysis of earthquake loads assumes a vala of 0.2$g and 0.17g for
maximum horizontal and vertical' acceleration, respectively,- ReDrence i on page 817 seismic- stress +

analysis also used a multiplier of 1.5.

Since the value of the seismic accelerations for the Oconee ISFSI site are lower than that assumed in -

Reference 1 on page 817, the stress analysis envelopes the site specific criteria,

in summary, the Oconee ISFSI scismic analysis using site sprcific criteria is enveloped by the analysis in
Reference 1 on paFe 817

,
,

8.2.3.3 Accident Dose Consequences'

Major components of the Oconee ISFSI are designed and evaluated to withstand the force $ Fenerated byf,

d* the Mile. llence, there are no dose consequences.

t

8.2.4.1 Cause o A cident
- -

E This section addresses the structural integrity of the DSC and its internals under a postulated tran port
cask accident conitition. It is postulated that the transfer cask desenbed in 'iection 4.3, " Transfer Systein'*

=

on page 411 with the DSC inside is dropped 80 inches onto a thick concrete slab, Due to the use of
' transfer cask trailer tie-downs, an actual drop event is not considered credible Cask drop target parameters
f are given in _ Table 8 2 on page S.13.

8.2.4.2 Accident Analysis -
_

-.The Oconee ISFSI transfer cask is analyzed for an 80 inch-drop accident using the method of analysh .
presented in Section b.2.5. cf Reference 1 on page 81 L"

- The analysis presented in Reference 1 on page F-17 as'umes an 80 inch cask drop using Oconee ISFSI
,

transfer cask parameters, llence, the Reference 1 on page 817 analysis covers the Oconee accident
E analysis. Therefore, the stress on the various structural components of the DSC and its internals are the

: same as those reported in Table 8.2 7 of Reference 1 on page 8-17.

|' - 8.2.4.3 Accident Dose Consequences

- Since the stress analysis has shown that all components important to safety of the DSC and its intemal .
basket will perform their intended fur.ction under this accident condition, there are no dose consequences.

,

D
i

L 8.2.5 TRANSFER CASK LOSS OF NEUTRON SHIELD
/~%
Q

. .

I

8-7
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M
8.2.5.1 /ostulated Cause of Solid Shield Loss

ne neutron shield jacket is designed, fabricated, tested, and inspected as ASN1E Section 111, Dhision 1 3

Class 2 vessels. The associated ASNIE quality assurance program will assure that there are no poor joints,
or other substandard components in the transfer cask. The Bisco NS 3 neutron shield material is a rigid
solid when curea snd will not flow freely through openings in the jacket. Tlaerefore, a loss of shield

.

material will only c.ccur in cases of extemal damage to the shield jacket and concurrent displacement of-='

NS.3 material.-

8.2.5.2 Detection of Shield Material Loss

Damage to the neutron shield jacket and material would be visually obvious. Anticipated loss of
hydrogen from the SS 3 material resulting from degassing at evaluated temperatures is accounted for in
the shielding analysis (see Section 7.3.2, " Shielding" on page 7-1I).

-8.2.5.3 Analysis of Effects and Consequences

For the purpose of this analysis, it is assumed that the transfer cask neutron shield will be breached as a
result of postulated drop accident, and the shielding effect of the SS 3 will be lost. The effect of this will
increase the cask surface contact dose from 180 mremthour to 837 miem: hour. The only potential off site
dose consequences would be additional direct and air scattered radiation if the accident were to occur
sufficiently close to the site boundary. It is assumed that eight hours would be required to either recover
the neutron shield or to add temporary shielding while arranging recovery operations. As result, it is

,

estimated that on site workers at an everage distance of fifteen feet would receive an additional dose rate
.

of 80 mrem hr,

Ut! site individuals at a distance of 2000 feet would receive an additional dose of 5.7E 4 mrem for the
assumed eight hour exposure. This increase is well within the limits of 10CFR 72 for an accident
conditioni Also, this does not preclude handling operations for recovery of the cask and its content:..
Water bags or.other neutron absorbing material could be wrapped around the cask to reduce the surface
dose to an acceptable limit for recovery operations thus minimizing exposure of personnel in the vicinity.
The actual local and olf site dose rates, recovery time and operations needed to retrieve the cask, and the
required actions to be performed following the event will depend uport the severity of the rent and the

p . resultant cask and traileriskid damye.

| 8.2.6 -- LIGHTNING
s

D . 8.2.6.1. Cattsw of Accident '
l

The likelihood of lightning striking the'ISFSI and causing an off normal operating condition is not
considered a credible. accident given the ISFSI lightning protection provided. The lightrdag protection
system for the ISFSI is designed in accordance with NFPA. NO. 78-1979 Lightning Protection Code.

,

| This system precludes any damage to the llSN1 or its intemd due to lightning.

6 8.2.6.2. Accident Analyr.Is

8.2.6.2.1 HSM -

Should lightning' strike the ISFSI, the normal operation of the llSN1 will not be affected. The current
discharged by the lightning will follow the inw impedance path ofIered by the lightning protection system.

\ Therefore, the 115.\1 is not damaged by the heat or mechanical forces g-nerated by current passing

8-8
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\
- through the higher .mpedana concrete. Since the llSM requiies no equipment for its continued'

operation, the resulting current surge from the lightning will not affect the normal operation of the llSM.

' 8.2.6.2.2 Power Supplies

'lhe hydraulic power supplies for the transfer trailer hydraulic positioners and the hydraulic ram are
- independent systems. Each of these systems have manually operated pumps which could be used in case
of a power failure. Electrical power supplies to the ISFS1 site serve no safety related functions, since their

!
loss would not adversely atTect the SU110MS 24P safety related components or the health and safety of
plant personnel of the 1.ublic.

The electrical power distribution sptem and associated equipment are electrically bonded to the lightning
prowetion and grounding system for the ISFSt. The retail power transfonner is installed with lightning -

. protection features in accordance with National Electric Safety code requirements.

The lightning protection design meets the requirements of NEPA 78, Lightning Protection Code: 1986
Edition and IE!!E Standard 665.

8.2.6.2.3 Welding of DSC to Support Structure

Moveront of the DSC from the transfer cask to the fully inserted position in the llSM takes less than 10
minutes. Transfer operations will not be attempted during a major thunderstorm when there is potential-
'dange- to plant persennel or costly damage to equipment. Therefore, the possibility of the DSC becoming
welded to the support structure by a lightning strike is extremely unlikely. In additio_n, there is contact -
between the transfer cask and llSM mating collar, such that the anchorage of the transfer cask to the

,! IISM shown in Topical Repon Figure 4.2-6 provides a grounding path to the llSM. To complete this-

path, the attachment plates are grounded to the llSM reinforcing which will provide additional assurance
that this event will not occur, l.ightning would likely strike the highest nearby structure, witich is a light
pole.

The liSM rails are bonded to the llSM Frounding system by means of exothermically welding a bare
copper conductor to the embedded steel supnort plates and the llSM grounding system, Additionally, the
trailer mounted ram assembly tripod is bonded to the llSM grounding system during cask positioning
operations.

8.2.6.3" Accident Dose Consequences

Since no otT nonnal operatmg condition will develop ss a result of lightning striking the ISFSI, there are
no radiological consequences.

8.2.7 BLOCKAGE OF AIR INLETS AND OUTLETS-4

L This accident involves the complete and total blockage of all llSM air inlets and outlets.

8.2.7,1 Cause of Accident

' Since the llSMs are located outdoors, the air in:ets and outlets could potentially be blocked by debris
! from such unlikely events as tomados. ISFSI design features such as a perimeter fence and separation of

air inlets and outlets reduce the potential for this sccident.

8-9
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L8.2.7.2 Accident Analysis

The structural consequences due to the weight of debris blocking the air openings are bounded by the
structural consequences of other accidents described in this section (i.e., tomado and earthquake analyses).

*

The thermal consequences of this accident result from heating of the DSC and ilSM due to the lcr. of
natural convection cooling. An analysis of this condition is provided by Section 8.2.7 of Reference 1 on
paFe 8-17,

8.2.7.3 Accident Dose Consequences
'

< There are no offsite dose consequences as a resuh of this accident. The only dose increase is related to the
- recovery operation where the onsite worker will receive an additional 700 mr during an estimated 8 hour
' debris removal period.

8.2.8 DRY STORAGE CANISTER LEAKAGE.

The DSC is designed for no leakage and analysis of normal and accident conditions have shown that no -
credible conditions could breach the canister body or fail the double seal welds at each end of the DSC.
Ilowever, to show the uhimate safety of the ISFSI system, a total and complete instantaneous leak is
postulated.

This postulated accident is the instantaneous release directiy to the environment of 30% of all fission
gasses mainly Kras and im contained in_ all the fuel rods in all 24 PWR fuel assemblies. This accident
assumes that all fuel rods are ruptured and that concurrent DSC leakage occurs. All other components of-

f the ISFSI system remain intact.

8.2.8.1 Cause of Accident

Due to the passive nature of the Oconee ISFSI system and the various design features, th-re is no credible
event that could resuh in the rupture of all fuel rods concurrmt with DSC leakge, llowever, to
demonstrate the safety of the ISFSI desien. this accident assumes that the fuel rods and the canister are
ruptured due to an event of unspecified origin.

8.2.8.2 Accident Analysis

in the postulated Dry Storage Canister L:akage Accident,it is assumed that one DSC is breeched and fuel
fails simultaneously releasing 30% of all fission gasses contained in 24 fuel assemblies. Following
long-term wet storage (> 7.5 years) the gaseous fission products which can be released are Kr 3 and Im-s

- The total DSC inventories assumed for Kr 3 and Im are 2.75E+ 03 and 1.87E-02 Curies, respectively;s

these inventories are based on ORIGEN-S computer code (Reference 2 on page S 17) analysis for 24
B&W 15x15 fuel assemblies irradiated for 40,000 MWD!MTU and decayed for 7.5 years.

Whole body and maximum organ doses are calculated for a hypothetical maximum individual assumed to
be present at the nearest site boundary location (a distance of approximately-1 mile) for the duration of
the event. A meteorological dispersion ptrameter (X|Q) of 4.SE-04 secim3 is used in calculating the
maximum potential ofTsite doses: this XiQ value is cor_sistent with the value ref renced in the Oconee
SER, Section 3.2.4, Units 2 and 3. Dose conversion factors used are obtained fiom NRC f.eculatory
Guide 1.109 and a breathing rate of 3.47E 04 mi see is used in calculating inhalation dose.f

f Here are no structural or thermal consequences resulting from the DSC leakage accident described above,
'

The radiological - consequences of this accident are presented in Section 8.2.7.3, " Accident Dese\

L ~ Consequences."

,
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-- 8,2.8.3 Accident Dose Consequences

This postulated accident involves the rupture of one DSC. All fuel rods contained in the ruptured DSC
are assumed to fail simultancessly such that 30% of all the fission gasses in the irradiated fuel assemblies
are instantaneously released to the atmosphere. Whole body and maximum organ doses are calculated for ,

a hypothetical individual assumed to be present at the Oconee Nuclear Station exclusion zone for the
duration of the event, A meteorological dispersion parameter of 4.5E-4s/m3 is used in calculating the
maximum potential ofTsite doses, he resultis.g calculated doses are 7 and 200 mr for the maximum offsite
whole body and thyroid doses, respectively. These accident doses are well within the 10CFR 72 limit of
5000 mr whole body dose equivalent.

1.9.9 ACCIDENTAL PRESSURIZATION OF DSC

. accident addresses the consequences of accidental pressurization of the DSC.'

8.2.9.1 Cause of Accident

Intemal pressurization of the DSC could result from fuel cladding failure which would release fuel rod ful
gas and free fission gas.

8.2.9.2 Accident Analysis

The maximum DSC accident pressurization is calculated assuming that the fuel rod fission gas release
fraction is 30% and that the original fuel rod fill pressure is 450 psig (Oconee fuel actually has a
maximum initial ful pressure of 465 psig). The resuhing intemal DSC pressurrs at Oconee's maximumx

ambient temperature of Il6*F and at the minimum ambient temperature of 30*F are oelow the accident
pressures reported in Section 8.2.9 of Reference 1 on page h 17 (for temperature extremes of 125'F and
-40*F). The limiting accident for DSC pressurization is the loss of transfer cask neutron shield. Under
these conditions, the gas temperatures in the DSC will rise to 600T producing a DSC intemal pressure of
49.1 psig. The DSC shell stresses due to accident pressurization are enveloped by those reported in
Reference 1 on page 817.

|-
During DSC opening, appropriate health physics techniques will be employed for respiratory protettion of
the workers and for preventing any uncontrolled releases to the environment. During cutting operations

i these techniques may i .clude installation of exhaust hoods which discharge to the fuel building ventilation
system upstream of the llEPA and carbon filter units and supplied air to the workers. During fdling and
venting. the vented gases will, also, be routed to the fuel building sentilation system. This is a routineI-

precaution taken for cpening of spent fuel shipping casks, and it would provide protection from respirable
~

radioactive particles and, also, from the unlikely presence of a significant amount of escaped tission gases.

8.2.9.3 Accident Dose Calculations

Since the accidental pressurization is within the design basis limits of the DSC, there are no dose

L consequences.

8.2.10 LOAD COMBINATICNS

I The load categories associated with normal operating conditions and accident conditions have been

p described and analyted in previous chapters of this report. The load combination evaluation of various

|- Q .|
ISFSI safety related components is addressed in this section.

1
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8.2.10.1 Cause of Accident

The simultaneou, loading of major ISl'SI components by combined acc. dent and normd loads would
result in the load combinations analyzed.

3.2.10.2 Accident Analysis

L The methodology used it combining normd operating and accident loads and t!.-ir associated overload
factors for various ISFSI components is presented in Section 8.2.10 of lieference 1 on page 817. De
Reference 1 on page S-17 analysis emclopes the Oconee ISFSI. The load combination and fatigue
analysis in Reference 1 on page 817 indicates major ISFSI components can withstand severe load
combination and thermal cycling without failure.

8.2.10.3 Accident Dose Consequences

Here are no dose cont;quences for postulated load combination events.

8.2.11 FLOODING

The elevation of the ISFSI yard at Elevation 825.0 is more than eleven feet higher than the maxinmm
flood level postulated for Iake Keower, and ther: fore,llooding of the ISFSI site will not occur.

6.2.12 EXPl..OSIONS
T,

-/ /M2.1 Cause of Accident

He exp;osion on S.C. liighways 130 or it;3 of a tanker containing 8500 gallons of gasoline would subject
the ISFSI to a surface ovemressure.

8.2.12.2 Accident Analysis
,

2c
According to the NRC Rrgulatory Guide 1.91 " Evaluations of Explosives Postulated on Transponadon

- Routes hear Nuclear Power Plants " the explosion of S,500 gallons of gasoline 1.109 feet from th. ISFSI
on S. C. Highway 130 or 183, wnuld result in a peak overpressure of 1 psi about .1,900 feet from the point
of explosion and therefore an overpressure of 2.3 psi at the ISFSI. The llSNi has been designed to
withstan.1 a maximum tomado wind pressure of 3.0 psi. Therefore, the MSNI overpressure from the
explosion of a gasoline tanker on either S, C. II:ghway 130 or 183 is envelope,i by the wind pressure
analysis and design fcr a DBT.

8.2.12.3 Accident Dose Consequences

There are no dose consequences for postulated explosions.
+

y =\
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- 8.2J3 TABLES
mg i
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' Table - 8-1.- Comparison of Total Dme Rates for I{STI With and Without Air Outlet Shielding Blocks -|,,
,

, . Distre.ce (me'm) Accident Case ,

* L f:sm Neard % mal Csse lhe Rate * *

#1Shi Wall, . Ihe Rrte* (mrem /hr.) (mrem /hr.)(Will mit ,

2s10 Array (with Shield Blocks) Shicid Blocks) -

10 - 2.85 21.9 ;

$ 100 0.1 587 0.533

$00 K,970 4 2.14F 3 j
1 .

. f 2000- 3.77E-8 9.621i 7

* Air scattired plus direct radiation;

s
, ,

_ ..
.-

t

'
.

L Tabic 3-2. Cask Drop Target Parameters
. _ _

lb Slab reinforcement:

p. , . Bottom mat.-p$ s ft 6' c c cach way-
n Top mat #4's @ 69.c-c each way

q /; . Yield strength = 60 kai per ASTM 615s ,'
.

!k ' 2, Slab thiciness = -l' P of concrete
%_ .

.
'

g; |3. Concrete strength (28 d.iys) = 4000 pi(minimum)

4 $cilistlmste strength .2.0 ksi m'aved ou lab (,ratory testingi''

1,

'

'

e 174 ktf (thed on laboratory testing; ;
.' 5. Soil clastic modulus''

16. Poisson's ratio'oisoil 0.3 (Based on soil test dcta and " Foundation Analysi: and Design" 3rd Ed., r'

A Joseph E. B6wles,) .
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R ;

~~

8,3 SITE CHARACTERISTICS AFFECTING SAFETY- ANALYSIS-
,

~

All she characteristics affecting sdety analyses presented in his SAR are noted where they apply. ;
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O
.

_ -.

9.1- ORGANIZATIONAL STRUCTURE ,

A;

9.1.1 CORPORATE ORGANIZATION

Duke Power Company is re ponsible for devdopment of the ISFSI ine;uding design, construction, goality
assurance, testir,g and operation of the facility. The corporate organization of Duke Power Company is ,

fully descr; bed in Chapter 13. " Conduct of Operations" on page 131 of Reference 1 on page 917.

9.1.1.1 Corporale Functions, Responsibilities and Authorities

1 The corporate orgmization provides line responsibility for operetion of the Company. Various
depar:ments withir4 the Corupany have inponsibility for design, Instruction, quality assurance, testing
and operation of the Oconee Nuclear Station as. well as the iS! St. Duke's corporate functions,
responsibilities and authoriRs for quality. assurance addressed in Topical Report DUKE 1 A, as described
in Chaper 11 "Quahty Assurance" on page Il 1 of this report, are applicable for appropriate portions of
the ISFSI.

9.1.1.2 Applicant's in-House organization

1 Duke's Nuclear Generation Depanment, headed by the Senior Vice President. Nuclear Generation, has .

I corporate responsibility for overall nuclear safety, as established by Techrucal Specifications. Reporting to z
1 the Senior Vice President is a Vice President for each nuclear site, end the General Manager, Nuclear

( 1 Senices.

IL The Nuclear Generation Department Organization is desenbed in Section 13.1.2, " operating
1 Organization" on page 13 4 of Reference 1 on page 917.

'

h j
'

.

9.1.1.3 Interrelationship with Contractors and Suppliers!

| The development of the ISFSI including design | construction. testing and operation are rnanaged and-
;- conducted by Duke Power Company; Technical support and other sen' ices for the program relating to the

| 1 Nutech Engineers, Inc. supplied SUllOMS-24P are provided by Sutech Engineers, Inc. (now ' Pacific =
! l. Nuclear Fuel Systen Inc ),

:. .. . . :

| 9.1.14 Applicant's Technical Staff
.

The Corporate technical stafT supporting the ISFS! is desenbed in Section 13.1.1, " Corporate
|

~ Organization" on'page 13-3 of Reference 1 on pagt 917.
.

..

.
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9.1 Organintional Structure Damce ISFSI Safety Analysis Rep.rt

O
9.1.2 OPERATING ORGANIZATION, MANAGEMENT, AND ADMINISTRATIVE
CONTROL SYSTEM

9.1.2.% Onsite Organization

The onsite organization of the Oconee Nuclear Station is responsible for operation of the ISI Si facility.
The orpmization for Oconee Nuclear Station is fully dercribed in Section 131.2, " Operating
Organization" on pape 13-4 of Reference 1 on page 9-17.

9.1.2.2 Personnel Functions, Responsibilities and Authorities

The functions. responsibihties and authorities of major personnel positions, including discussions of
specific succession of responsibihty for ovendi operation of the Oconee Nuclear Station including the
ISFSI facility are described in Section 13.1.2.2, " Personnel Functions, Responsibihties and Authonties"
on page 13 5 of Reference 1 on page 9-17

9.1.3 PERSONNEL QUALIFICATION REQUIREMENTS

The quahfications of personnelin the operating statT vre in accordance with Section 4 of ANSI 3.1197S.
" Selection and Training of Suelear Power Plant PermnnJ," and are in accordance with Regulatory Guide
1.h (Rev.1). Section 13.1.3, " Qualifications of Station Personnel" on page 13 7 of Reference 1 on
page 91*' provides mere details on personnd quahfication requirements,

f~ 9.1.3.1 Minimum Qualification Requirements
(" The minimum qu2dification requirements for major operating. technical, and maint uance supenisory

personnel are described in Section 13.1.3.1 ".\linimum Quahtication Requirements" on page 134 of
Reference 1 on page 917.

9.1.3.2 Qualifications of Personnel

The qualification of personnel assigned to the inanagerial and technical positions are pmvided in
Tame 13 2 on page 13 '9 of Reference 1 on page 917.

9.1.4 LIAISON WITH OTHER ORGANIZATIONS

All aspects of the ISFSI development including design, procurement, construction. and operation are
,

1 managed and conducted by Duka Power Company. Sutech Fngineen, Inc. (now Pacific Nuclear Fuel
1 Systems, Inc.), Duke Power / c.upany's subcontractor, provides certain engineering, technical support,

and other senices for the ISlit project relating primarily to the SUllONIS.24P dry storage cask system
design.

O
t d

G
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Omnee ISFSI Safety Analpli Report ; 9.2 Preoperational Thting and Operation ;

J

,

9.2 PREOPERATIONAL TESTING AND OPERATION

Prior to operation of the lhPSI, complete functional tests of the in plant operations, transfer operations, i

and ilSM loading and retrieval were perfonned. 'these tests verified that the storage system components
(e.g. DSC, transfer cask, transfer trailes, etc.) could be operated safely and effectively,

9.2.1 ADMINISTRATIVE PROCEDURES FOR CONDUCTING TEST PROGRAMn

Pre-opemtional testing procedures were written in accordance with exist 6g Oconee procedure controls as
govemed by Duke Power Company's QA Frogram,

.

19.2.2 TEST PROGRAM DESCRIPTION

The testing program required the use of a DSC mock-up, transfer cask and associated handling-
equipment, transfer trailer, hyduulic ram and an 115R The tests simulated, as nearly as possible, the
actual opcations invohrd in preparing a DSC for storage and ensured that they could be performed safely

-during actual emplacement of IFAs in' the ISFSL Shielding verfication .which-was not completely:
achievable during dry runs took place during the initial IFA loadings, ,

9.2.2.1 Operations

9.2.2.1,1 DSC arid Associated Equipment' <

- An actual DSC and a part length mock-up of a DSC were obtained for pre operational testing. The DSC - +

was loaded into.the tre.nsfer cask to verify fit and suitability of the DSC lift rig. Additionally, the DSC was
used in operational testing of the transfer _ equipment and IISM.

.lic part length mock up was similar to the top end of the DSC with lead shield plug facsimile. The :
-ock.up was weldea by the automated welding equipment. Emphasis was placed on acceptability of the
weld, as well as compliance with approved ALARA practices. The mockup was also used for verification
of vacuum drying. helium backfilling, and cutting open operations.

3
'

- 9.2.2.1.2 Transfer Cask and Handling Equipment

Functional testing.was performed with the transfer cask, lift beam, erane hook lift adaptor, and remote
.

actuation equipment associated with the lift beam. 'lhese tests _ ensured that the trsnsfer cask could be -
.

safely transported from the OSS truck bay to the decontamination pit. From there, the DSC/ transfer -- .

|- cask was placed into the spent fuel pool cask pit to verify clearances and travel path and proper operation

L - of the anmdus seal.

9.2.2.1.3 Off Normal Testing of the 1)SC and Transfer Cask

in the- unlikely _ event that a ' _ problem arises during iloading of IFAs _ into the- DSC, seal
welding'evacuaticin/ drying, transport of the DSC, or emplacement of a DSC into an ilSM, no immediate
action would_ be required.' Operations in the spent fuel pool could be suspended indermitely with IFA

_

cladding temperatures well below the average longi enn storage temperature limit of 340'C During thet

, -:- Lother operations the IFA cladding temperature remains well below $10*C an acceptable temperature for-m

h shori. term operational and accident conditions. The DSCttransfer cask could be returned tci the spent
'

- > fuel pool if these other operations could not be completed in a timely numner. As stated in Section-

9-7
l~
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A i

9.2.2.1.1, "DSC and Associated Equipment," the ability to open a scaled DSC was demonstrated by |
eutting open the DSC mockup. |

1

9.2.2.1.4 Transfer Trailer and HSM

'lhe DSCttransfer eask was loaded with test weights to simulate loaded fuel and placed on the transfer j

trailer, it was then transported to the ISI'SI and ahgned with an !!SM. Compatibihty of the transfer i
trailer with the transfer cask, negotiation of the travel path to the ist'SI, arid maneuverability within the
confu.es of the ISI'SI were verified. Additionally, it was verified that the 8t> inch design basis height for a
postulated cask drop could not be exceeded.

'lhe transfer trader was aligned and docked to the llSM. The hydraulic ram was used to emplace a DSC
k,aded with test weights in the !!SM and remove it. loadmg of the DSC into the lisM serified that the
transfer skid alignment system, hydraube positioners. and ram grapple assembly could operate safely for
both emplacement of a DSC into an llSM, and removal of a DSC from an llSM. .

9.2.2.1.5 Off Normal Testing of the Transfer Traller and HSM

in the unhkely event that a problem should occur that prevents lording the DSC into the llSM, no
immediate remedial action will be required. IFAs may be stored in the transfer cask while corrective
action is taken.

The most severe condition would occur if a failure of the hydraube ram, after partial insertion of a DSC
into an llSM, were to prevent complete emplacement of the DSC. (Radiological shielding and decay heat

q removal are not compromised by this condition, but the transfer trailer may not he moved away until the
t DSC is complete!) within the confines of either the transfer cask or the llSM.) Pre operational testing

verified that reversal of DSC movement could be completed by the operator of the hydrauhe ram.

9.2.3 TEST DISCUSSION
1. The purpose of the pre-operational tests was to ensure that a DSC could be properly and safely.

placed in the spent fuel pool, loaded with IFAs. transported to the ISI-SI, emph.ced in the llSM, and
removed frem the llSM. Proper operation of the DSC, transfer cask, and transfer trailer, as well as
the associated handhng equipment (e g. lift beam, welding equipment, vacuum equipment) provided
this assurance,

2. Pre operational test procedures were developed as stated in Section 9.2.1, " Administrative Procedures
for Conducting Test Program" on page 9 7. Specific detailed procedures were developed and
implemented by OSS personnel who were responsible for ensuring that the test requirements were
satisfied. Changes made to the pre-operational procedures were incorporated into the appropriate
loading procedure.

3. The result of the pre operational tests was the successful completion of the following without damage
to any component associated piece of equipmem; loadinF of a DSC into the transfer cask, seal
welding, drying. backfilhng and cutting open of the mockup DSC, placement of the transfer cask into
and out of the ONS spent fuel pool, ti asporting the transfer cask loaded with a DSC to the ISFSI,
and emplacement in an llSM and removal from an ilSM.

O
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9.3 TRAINING PROGRAM
,

'lin. existing training program for ONS was modifici u incorparate the training needed for operation of ;

the ISI SI, in accordance with the Duke Power Employee Training and Quahfication System (IrlOS) |
Standards Manual. FTQS provi(es a systemic approach to training as described in the DNS FSAR,
Section 13.1, " Organizational Structure" on pap 13 3 of Reference 1 on page 917.

,

9.3.1 TRAINING FOR OPERATIONS PERSONNEL

Since the ISFSI is a panite storaFe system, Feneralized training is provided in the areas of woling,
radiological shielding, and structural characteristics of the DSC/IISM.

i

Detailed operator training is prmided for DSC preparation and handhng, fuel loadmg, tran,fer cask i

preparation and handlmg, and transfer trailer loading. Although operations persont.el may not tw directly
involved in transport or ilSM loading, detailed training is presided to permit oversight e.f thew operations
by fuel handling per>onnel.

Additionally, Fire Brigade training has been expanded to melude the ISI Si in the Oconee Nuclear Station
~

Pre 1 ire Plan.

9.3.2 TRAINING FOR MAINTENANCE PERSONNEL

Maintenance -personnel, involved with the ISFSI operations, receive generalized training in tne
SUllOMS 24P storage system. Specific training is provided for use of the automated seal weldmg
equipment for the top end shield plug; operation of the transfer trailer; alignment of the cask skid with
the llSM; aligmnent of the hydraulic ram assembly; and nonnal and o!! normal operation of the hydraulic
ram. Specife training is also being provided for cleaning of the llSM air inlets and outlets.

P

1 9.3.3 TRAINING FOR RADIATION PROTECTION PERSONNEL

1 Radiation Protection personnel have received generalized training in the SUllOMS 24P system. Specific
training has lven provided in radiological shieldmg design of the system, partiemarly the top end shield
plug. DSCitransfer cask, the shielding issue associated with transfer of the DSC into the ilSM; and the

. IISM itself.

9.3.4 . TRAINING FOR SECURITY PERSONNEL

Details of the training program for security personnel at: provided in the Guard Training Plan contained
in a separate enclosure which is withheld from public disclosure in accordance with 10CFR 2.790(d) and
10CFR 73.21.

bu
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O)L.

9.4 NORMAL OPERATIONS

Under norme.1 operatiom, the 1S1'51 provides independent storage of Oconee spent fuel away from the |
Oconee plant facihties. With the exception of some limited physical and continuous electronic security -

surveillance. the facihty functions as a passive system. Icading of fuel assemblies into the facility, which
occurs periodically. require specific procedures that are separate from those of normal plant operations.

9.4.1 PROCEDURES

Operating, testing, and maintenance procedure 5 are prepared, revised. reviewed, and approved in
accordance wita the Duke Power Company Nuclear Production Department " Administrative Policy
Manual" ( APM). (The APM sets forth the specific requirements of the Duke Power Company QA
Topical Report, DUKl'.1 A. which has been approsed by the NRC as meeting the requtrements of
10CI R 50 Appendix II.)

9,4.2 RECORDS

The ISI:S! records are maintained in accordance with existing Oconee Nuclear Station procedures.

O
4v

O
Lj
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9.5 EMERGENCY PLANNING

The Emergency Program for Oconee Nuclear Station has been determined to be adequate to manage the
consequences of events which might occur invohing the 1S1:51. Appropriate reviews were made of the
existing emergency plan initiating conditions and it was detemiined that no changes were necessary.1he
Emergency Program consists of the Oconee Nuclear Station Emergency Plan and the Duke Power
Company Critis Management Plan for Nuclear Stations and their rela *.ed imphmenting procedures. Also
included are related radiolopcal emergency plans and procedures of state and local povernments. The
purpose of these plans is to provide protection of plant pctsonnel and the general public and to prevent or
mitigate property damage tl.at could result from an emergency at the Oconee Nuclar Station lhe
combined emergency preparedness programs have the following objectises:

1. EfTeetive coordination of emergency activities among all organizations harmg a response role.

2. Early waming and clear instructions to the population at risk in the event of a sciious radiolopcal
emergency.

3. Continued assessment of actual or potential consequences both on site and of'-site.

4. Eflective and timely imp?cmentation of emergency measures.

5. Continued maintenance of an a&quate state of emergency preparedness

The emergency plans have been prepared in acco; dance with Section 50 47 and Appendix E of 10C1 R

O Part 50. The plans shall be implementeJ whenever an emergency situation is indicated. Radiological
emergencies can vary in seserity from the occurrence of an abnormal event, such as a minor fire with no
radiological health wasvguences, ta nuclear accidents having substantial onsite and or allsite
consequences. In addition to emergencies involving a release of redioactive materials, events such as
security threats or breaches, fires, electrical system disturtunees, and natural phenomena that han the
potential for iraolving radioactive materiah are included in the plans. The plans contain adequate
flexibility for deahng with any type of emergency that might occur.

The activities and responsibilities of outside agencies providing an emergency response role are detailed in
the State Emergency Plans and the emergcacy plans for Oconec and Pickens Counties.

The emergency response resources available to respond to an emergency consist of the personnel at Duke
Power Corporate lleadquarters, at other Duke Power nuclear stations, and, in the longer term, at federal
emergency response organizations te p. NRC, DOE. FEMAL The first line of defense in responding to an
emergency lies with the normal operating shift on duty when the emergency begins lherefore, members
of the Oconee stafl are assigned defined emergency response roles that are to be assumed whenever an
emergeng is declared. The overall management of the emergency is initially performed by the shift
supervisor until hetshe is relieved by the Station Manager. In the esent of an emergency, he serves as the
Emergency Coordinator. Because of his overall Laow! edge, he is best able to bring the full resources of the
plant to bear on controlhng the emergency. Onsite personnel have preassigned roles to support the
Emergency Coordinator and to implement his directives.

Specia! provisions have been made to assure that ample space and proper equipment are available to
effectael respond to the full rar.; of possible emergencies.3

The emergency facilitie., available include the Oconee Control Room Operational Support Center,

A) 1echnical Support Center, Crisis News Center, and the Crisis Management Center (Emergency('

v

l-
|
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\d Operations Facility). 'lhese facilities are described in the station emergency plan and the Crisis I
Management Plan- I

,

Emergency plan implementing procedures define the specific actions to be followed in order to recognee,
assess, and correct an emergency condition and to mitigate its consequences. Procedures to implement the
Plan provide the following information:

1, Specific instructions to the plant operating staff for the implementation of the Plan.
i

2. Specific authorities and responsibilities of plant operating persormel

3. A source of pertinent information, forms, and data to ensure prompt actions are taken and that
proper notifications and communications are carried out.

4, A record of the completed actions.

5. The mechanism l>y which emergency preparedness will be maintained at all times.

I'~
U)
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9.6 PHYSICAL SECURITY PLAN

ne purpose of the security program for the Oconee Nuclear Station ISFSI is to establish and maintain a
physical security program that has the capabibties for the protection of spent fuel stored in the
NUllOMS 24P system.

Additional information regarding the security program for the ISI Si is contained in a separate enclosure,
that is withheld from pubhc disclosure in accordance with 10CI'R 2.790(d) and 10Cl R 73.21. "This
enclosure addresses the Physical Security Plan, safeguards Contingency Plan, Design for Physical Security
and Guard Training Plan.

"
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L

CHAPTER 10. OPERATING CONTROLS AND LIMITS

The ISFSI will basically operate as a passive system requiring minimal surveillance. Ilowever, there are
5,ome operating controls and limits which will apply. These controls and limits uhich are listed below are
discussed in detail in the following conesponding sections of this chapter, Othe. items which must be
controlled such as those related to fuel movement and loading are based on nonnal operation and
postulated accidents as discussed in Chapter 4, " Storage System" on page 4-1 and Chapter 8, " Accident
Analyses" on page k-1, respecthcly, of this report.
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Oconw ISTSI Safety Analnis Repwt 10.8 1*rogumal Operating Controls and IJmits
,'-

i

55.1 PROPOSED OPERATING COPiTROLS AND LIMITS 3

Operating limits . aid controls may N found in Reference 2 on page 1011,
s
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3

10.2 DEVELOPMENT OF OPERATING CONTROLS AND LIMITS )

'DJs section prmides an overtitw and geneal bues fer the eperating controh and hmits specified in this
'

trport. Reference 2 on page 1011 provides the specifications anociated with the operation of the Oconee ,

151'51 to ensure the protettion of the publici heahh and safety,
.

10.2.1 FUNCTIONAL AND OPERATING LIMITS, MONITORING INSTRUMENTS
AND LIMITING CONTROL SETTINGS

t

*lhe Dconce ISI Si utihns the NUllOS1S.24P system which is a pa ,sive doipt 'i ncrefore, with the
'

'

curption of the litnit placed on the traralational force ei. cited on the DSC by the hydraube rarn no
morutonny invruments of hmiting control svitings are utdind at the 1"Si facility, Icog tenn operatint
vanables such c. lISS1_ storage temperaturn and confinement ir- o will be controlled through -

obvrvance of the operational control and hmit specifications descrih.. 91.cierrnte 2 on pace 1011.

!Another control whnh falh under tac rcence Statiotis 10CI R$0 ope a;ing license is a restriction on
minimum cooling time foi fuel stored in certain lo<:atiom of the spent fuel pools dunng cad, handhng ,

operationt These rettrictions ensure that any radioactivii." releasn remain below replatory guidehnes in _
'

the ment of an in pool cask drop accident.
!

10.2.2 LIMITING CONDITIONS FOR OPERATION ,

10.2.2.1 Equipment

limiting conditions for the Oconer 151 51 equipment are speeded in Reference 2 on page 10 II. lu
addition, the iam hydraube sptem will be pre set to imure that tiandational loads on a DSC during
mmement into the llSM are autoinatically limited to a munuum of 20,000 lbs. (Ovenide control will be
available to hydraulic rarn operrten for ue <iunny omnonnal remedial action if needed.)

10.2.2.2 Technical Conditions And Characteristics
*

The followi.m technical conditium and characteristio ,tre required for the NUllOMS 24P system:
)

i, llornn Concentration in DSC Moderator ,

,

2. DSC Vacuum Pressure During Drying

1 DSC llelium llachfill Prerwre

4. DSC lichum lxak Rate

i DSC Dye Penetrant Te>t of Closure Welds ;

6,1:uel Anembly Retneval and Impection
,

7 DSC Surhee Contamination

h. DSC Draining Requirements

'

3 A description of the bases for selecting the ahne con 6tions and charactemtio is detailed in Ihference 2

~y on page 10 i!. The overall technical and operaticnal coraiderations arc funher described in Section
10.2.2.2 of Reference 1 on page 1011.'

It3
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!

!10.2.3 SURVEILLANCE REQUIREMENTS -' t

Surveillance Requirements for the Oconee ISI Si are specified in Referene. 2 on page 10-11.

'
10.2.4 DESIGN FEATURES

i

Chango to sits vredfic design features importar't to idety are not anticisted for the Oconee ISitSI. ,

Design features of the NU110MS 24P system imponant to aafe operation are outlined in Section 10.2 4 of
Reference 1 on page 1011 and in Reference 2 on page 1411. Chariges to any of thne design fea' urn
wdl be implemented only after appropriate regulatory rniew and approval

10.2.5 ADM!b STRATIVE CONTROLS

Un of rais$ing and propowd Duke Power Company organiistional and adtninistrativ splems and
procedures, trcord lecting. rruew, auuit and reporting requitemems (ie. Duke Power Company
Ad:ninistrattve Policy Manual, Oconee Nudcar Station Directives, Operating Procedurc6 etc.) wil' be'

uwd to ensure that the opa iiota intohed in the storage of spent fut at the Oconee 151'S1 an. perfonned ,

in a safe manner. This includes both the triection of auernbbes quahfied for ISI Si storage, and the
renfication of anembly identification numbert prior to and after phicernent into individual stor^Fe -

canistrrs. -- ,

10,2.6.1 Qualification of Spent Fuel ;

ligure 101 on page 1010 represents the fuel avetnbly acecptance criteria for spent fud placement and
storage in the DSC. l'ud av tmbly qualification is based on the requirrmenth for critirahty control, decay
heat removal, structural integrit), and ladiological protec1 ion. Cnticahty control and decay heat removal
capabibiles are Jelitml by three variabin showr' in 1:igute 101 on page 1010; (1) initial nuembly ,

enriebment,- (2) final ammbly burnup. and Oi spent fuel coohng period. Control of these three
,

aJndnhtrative proredures, as descriled bdow.

I:or the Null 0MSetP suberiticahty b auumed for fuel anemblies meeting the 4.0 wi% errichment -

limit of Referenr: 2 on page 1011 when the DSC h fdled with water terated tu at least 1810 ppm (as ,
!required by Refer.nec 2 on page 10 lh ca when the DSC in' drained. To ensure suberiticality in the

postulated event that the DSC is filled with demineralized, unborated water, the bumup requirements of
#

'

17igure '101 on page 1010 kre specified for any penninible initial emichment.

Procedures current'y in place for special tiuclear materiah accountabihty and record keeping will be used
to verify initix! fuel auembly enrichment and bumup levth ht discharge. New fuel enrichments and initial ,

4unanium hotopics are recorded from the DOIONkC 1 orm 7414 and stored in both a database file and on
- duplicate paper cepies of the 1;onn 741's. Indwidual fuel anembly bumups are aho stored in the special -
nuclear _ materiah database. These values are generated by the Oconce Operhtor Aided Computer utilit.ing

- thermal energy production date dvermined by in core flux mappirg. liumup and initial enrichment
: values from special- nudcar mate.~ d accountabihty records will be compared to I:igure 101 on
page 1010 to verify that the reactivny level is acceptable for DSC loading and storage of each irradiated
fuel anembly, ' Actual qualification procedurn may utilite a tabular version of the emichment burnup
curyn which avill allow for each linear interpolation between_ a number of data points While this
enrichment vi. bumup.m-thod fe reactivity verification _will routinely be used and required by
procedures, Duke Power reserm the right tr xly on nther NRC accepted andytical methods to quahfy;

] - fud assemblies in special cases.
'

;

.
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,

1 or decay heat control, only those inadiated anembhes which do not excerd a decay heat trul of OM Lw
wdl quahfy for loading into the DNC. Decay heat loadmp at or below this leul ensure that peak pin clad
temperatures are maintained within acceptable levch. Smcc indnidual furt awembly decay heat leveh are a
function of both the diwharge bumup and the decay time, procedural controh wili be med to serify these
parameters prior to fuel asserrbly loadmp.

l'or the Oconee fuel design and routine operating histories, the decay time netenary to khieve a .M kw
deca) heat level is FeneraUy 7.5 years. the variation in required cooling tune is a ury strung function of
discharge burnup and a set) weak function of irut.al rarithment. It is acceptable to store fuel anemblies
cooled len than P.1 years provided that decay heat production is no more than 0 % Kw for each fuel
anembly and ihat neutron and puntna source terms for the thC are verified not to eseced tenain values
specsfied in Iteference 2 on pope 1011.

As mentioned previoudy, special nuclear materiah accountabthty records will be used to senfy fuel
aswmbly bun.up 'lhese recordt will aho le uwd to serify sper t fud decay time. 'lhe indnidual anernbly
bumur ar * deca) tune will then be compared to Iigure 101 on page 10-10 for DSC loading
quahficatim wurpows.

To ensure , v structural internty of the spent fuel to be loaded into the D%C, station records of all
damared aswmbhes will be reviewed. A damag-d fuel assembly and component databaw has been
compiled which incorporates prnious upping, uhrasonic (I l') testmg. and vuual observation This
database will be exarmned as a pan of the dry storare quahfication procen to venf> that anembl . with
gross structural or pon dadding damage are not induded

if the reactivity, decay heat, coohng time structural integrity, and dow lunits cnteia are all met, then
approsal for dry storage for a risen awembly will be documented. This documentai.on v ill subsequently
be referenced through procedures at the station pnor to loadmp f ud into the thC

10.2.5.2 Spent Fuel identification

Administrative controls will be utilized to avoid fuel misplacement Infortnation on fuel anembly
quahfication for dry storne will be documented and transmitted to fuel handhng personnel Pnot to any
transfer of a fuel assembly in the DSC, snecitic thC loadmg procedures will require a icview of anembly
documentation This will be followed by an independent visual venfication of the anembly identification
number by two indniduah. 'lhne procedures ensure that the correct (approsed) fuel anembly is being
accessed and loaded into the DNC. As a final check, all anembly identification numbers will be checked

,

b after the DSC has been fully loaded with N auemblics.
4 :

*

.'
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10.3 OPERATIONAL CONTROL AND LIMIT SPECIFICATION

I ut.ctional anj Operating 1.imits. Monitenny intrutnenti and 1imitiny Control Settings; Linuting
Conditions fot Operations", and Sunrillance Requirrrnents are Spcofed iri Refercrur 2 on page 1013
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CHAPTER 11. QUALITY ASSURANCE

Duke Power Comrany maintains fullinponsibility foi anuti..g that its nuclear power plants are deigned,
comtructed, tested and operated in confonnance with good enyncering practicet appheable repilatory
requinments and speriled desipi bases and in a manner to protect the pubbe health and safet), 'lo this
end Duke ho estabiahed and implemented a quality anurance propan which confonm, to the criteria
estabbshed in Appendit li to 10Cl k Pat 5'i, "Quaht) Anurance Criteth for Nudear Power Plants and
I:uel itept wsing Plants" and to approved industry standerds such e ANhl N45 21977 and ANSI
Nih 7 tw d concaponding daughter standards, or to equi alent altematives.

The activities anociated with the Independrot Spent 1 uel $totap Installation (ISI SI) will be governtd by 1

the appheable portiom of the Duke Power Comp 4ny Qua!ity Anurance Propam. This Quahty Anurance
Program is described in the Duke Power Company 'lopical P,rport Dl:Kl: l A. 'ihe Topical Report
provides the runent quahty anurance propam desenphon for Oconce, ShGuire, and Cat.iwba Nucleu
htationo lhket Nos. 50 269,50 27?,50 287,50 M9,50 370,50 412, and 50 414. ;

Addahnal, thr 'lopical Report desenbes the Quality Anurance Propam for those sptems, componerh,
items, and senices which have been detennined to be safety related. In addition Dule's Quahty
Assurance Pmpam provides a method of applying a g aded Quahty Aourance Pwg:am to certain
non sately rela ed sptems. componento itemt and senices. This method intohes defining a Quality
Anurance " Condition" for each leven of quahty anurance required. Thew will be desipuited as "QA
Condition , , _ " 'I he following conditions base been defmed.

QA Condition 1 covers thow systems and tht;r attendant component.t itemt and services which 1. ave
been detennined to be safety related. These sp'e ns are detailed in the Saaf 11.Apahmidhpgj spphrableS
to each nuclear station. Tiw Topical Repon apphes in its entirety to sptems, tomponents, items, and -

services identified E QA Condition 1.

QA Condition 2 cosers ; hose sptems e.nd their attcndant components, itemt and structures important in
the tr.anaFement and containment of liquid, recous. and sohd radioacthe waste.

QA Cond. tion 3 coven thow sptemt componento itemt and sereices which are important to fire
protection a; defined in the lluards Analpis for cath t.tation. The lluards Anaipis is in response to
Appendit A of NRC liranch 't'echnical Position APCSil 9.51

QA Condition 4 covers ' hose scismically dedpwd restrained splems components, and structures whose
continued functions are not required durmg and aber the senmic event. The general scope of these

'

sytems camponento and structures, identified as Seis nic Cctegory 1I (SCIil are defmed in Regulatory
Guide 1.29, htmicj]esim ClanificatioD.
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