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Final Safety Analysis Feport
1992 Update
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1991 Update to the Oconee I8FSI FSAR., This is a complete
reissue of the FSAR in the Bookmaster Fo-mat and should replace
the entire contents of the existing FSAR manual which should
either be discarded or clearly marked as superseded,

Revisions effective with this update are marked by a "1" in the

left hand margin. The effective date June 30, 1991, |is
indicated at the bottom of the page.
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J. W. Hampton, being duly sworn, states thit he is Vice
President of Duke Power Company, Oconee Nuclear Site; that he
is authorized on the part of said Company to sign and file with
the Nuclear Regulatory Commission this revision to the I§FSI
FSAR and that all statements and matter set forth therein are
true and correct to the best of his knowledge.

ice President
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Subscribed and sworn to before me this l4th day of January,
1992.
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January 16, 1992

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

The 1SFSI 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
ens .re that it is clearly marked as a superseded document,.

The revision line indicator is a "1" in the left hand margin
corresponding to 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until they are superseded by subsequent indicators.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".

Qur goal is to reduce the costs assoclated with the maintenance of
numerous copies of the ISFSI FSAR by providing it in an electronic

format.

R. L. Gill, Jr., Technical Systea Manager
Regulatory Compliance
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By: Helen Froebe
Regulatory Compliance
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1.2 GENERAL DESCRIPTION OF INSTALLATION

1.21 GENERAL DESCRIPTION

The ISFSI provides for the horizontal. dry storage of wradiated fuel assembles (IFAs) in a concrete
mod sle. The prncipal components are a concrete honizonta! storage module (HSM) and a stainless steel
dry storage camister (DSC) with an internal basket which holds the IFAs. Fach HSM contains one DSC
and each DSC contains twenty -four fuel assembhes

Despite DOF s obliganons under the on@nal Nuclear Waste Policy Act of 1982, Duke Power's curment
best estimaie for reseiving spent fuel storage rebief under the Nuclear Waste Policy Amendments Act of
1987 is the vear 2010 &t the earliest Oconee s prudemt storage requirements through 2003 will necessitate
ihe construction of 72 HSMs. Thus appbication. however, is for construction and use of up to eighty-eight
HSM.. This addiviona) margn of 16 HSMs will provide the minimum storage capacity needed 10 camy
the Oconee Nuclear Station 10 1s end of operating lifc of necessan

The tnutial phase of construction including twent: modules was compieted in May 1990 Additional
modules will be added as required on separate foundations without impact 10 the preceeding or succeeding
modules Anaivses for structural and foundation requirements provide for constructing modules in any
array size hetween a angic HSM and & 1082 arrsy (2 rows of 10 modules back 1o back)

In addition 10 hese prisnan components. the Oconce 1SFST alse requires transfer equipment 1o move the
DSCs from the spent fuel pool (where they are loaded with the 1FAs) to the HSMs where they are stored
This transfer system consists of & transfer cask. o Hydraulic ram, a truck. a trailer and a cask skid.  Thus
transfer svstem wil! interface with “he exasting Oconee spent fuel pool. the cask erane, the site layout (1e.,
roads and topography | and other procedural requirements

1.2.2 PRINCIPAL SITE CHARACTERISTICS

The ISFSI s located on the Oconee Nuclear Station site near Seneca. South Carolina. Duke Power
Company owns and operates three 2568 MW nuclear generating wiats on the Oconee site. The I1SFSI is
located outsidy the protected ares be. within the owner controliod area approxumately 100 ft west of the
Station s condensor cooling water intuke structure (Figare 1-1 on page 1-4)

1.2.3 PRINCIPAL DESIGN CRITERIA

The principal design cntena and parameters for the Oconee 15FSI are shown in Table -1 on page 1.7
The radiation sources are for the reference fuel assembly  For the majonty of the fuel 1o be stored the
radiation sources will be less than or equal 10 the sources descrined in the NUHOMS-24P Topical Repon
(Reference 2 on page 1-21)  For radiation sources larger than the sources described in Reference 2 on
page 1-21 restrictive measures will be used to ensure surface dose rates that are ALARA and below design
bawis limits

1.2.31 Structural Features
The HSM is & low profile reinforced voncrete structure designed to withstand normal operating loads. the

abnormal loads created by seismuc activity, tomados and other natural events and the postulated
acaidental loads which may ocour during operation

REV: (30 JUNE 1991 I-
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The structural features of the DSC are defined. 10 a large extent, by the cask drop academt The DSC
body . the double seal welds on each end. and the DSC intomals are designed 10 provide for fuel retneval
after & postulated maxymum credible drop

1.2.3.2 Decay Heat Dissipation

The decay heat of the 1F As is removed from the DSC by natural uraft convection Air enters the lower
pan of the HSM. nses around the DSC and exits through the 10p shielding slab The flow cra.s-sectioual
area 15 designed to provide adequete air flow from the draft height of the HSM and the et and outlet air
temperature difi~rences for the hottest day condiuons (ie. 46.7°C or 116°F)

1.24 OPERATING AND FUEL HANDLING SYSTEMS

1 ¢ major operating systems of the ISFST are those required for fuel Pundling and transport of the fuel
from the spent fuel pool 10 the ISFS1 General operations are outlined w Table 1-2 ¢ page 1-9 and the
pruman design parameters of the required systems are hsted in Table 1-3 on page 1-10. The majonty of
the fuel handling operations nvolving the transfer cask (1e. fuel loading. drying, traler loading, el )
utilze standard techniques @ Oconee for spent fuel shupment.  The remanng operations (seal welding
transfer cash-HSM abignment and DSC transfer) are unique to the ISTSI1

1.2.5 SAFETY FEATURES

The prnncpal safety feature of the 1SFSI i the comanment provided by the DSC and the coberete
shieldng of the HSM In addition 1o fts structural and missile protection functions, this shielding reduces
the gamma and neutron Jux emanating from the TH A« msde @ DSC so tha the average outside surface
dose rute on the HSM 1 less than 20 me hr. Addsonal ISFSI features include

1. Falling the annulus between the DSC and transfer cask with demeneralized water and sealing 1t prior
1o lowening them o the sper fugl pool - Prevents comamunstion of the DSC extenor by poo!
water

o

Internal shield blocks insde the HSM which comprse the shiglded veatilavon plenum - Reduces
scatter dose out of the ar inlet

1. External shueld blocks on the HSM roof - Reduces scaiter dose out of the air cutlet
4. Shield plugs on the DSC - Reduces dose dunng DSC dnang. helium filhng and seal welding

5, Double seal welds on each end of the DSC < Prevents leakage of radivactive gases or particulates if
the tuel rods should fail

1.2.6 RADIOACTIVE WASTE AND AUXILIARY SYSTEMS

Because of the passive natur= of the 1SI'SI. there are no radioactive waste or auxibiary systems required
dunng normal storage operations. There are. however some waste and auxiliary systems required dunng
DSC loading. drving and transter into the module. The Oconee waste systemns handle the fuel pool water
and air which are vented tfrom the DSC dunng drving Auxilian handliing systems (such as hydraulic
pressure control alignment, crane, etc.) are also required dunng the loading and transier operation
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1.2 General Description of Installation

1.27 TABLES

Table 151 (Page 1 of 21 Design Parametes for the Oconee ISFS]

« Maximum weight on ¢rane hook

» Capacity (Casks Camuster)

- Maxumum assembly weight

+ Reference Fue! Assembly parameters

a) Nomnal burmup

b) Ininal Enrichment ( Maxamum)

¢ Maximum iutial L ranium Content
d) Coohng T

¢) Fuel Rod Arras

« Fuel Cell Envele pe ( Minamum

« Effecuve muluplication factor

- Interna! DSC atmosphers

» Ambient 1emperatusg

+ Solar heat load (Maximum)

- Average doses at HSM surlace dunng

» Maximum Awxal Midplane Dose at Transfer

slorage

Cask Surace dunng Transpon

Maximum Loading Height (Fuel Pool)

- Storage orientauon

« Norma! Operating Equibbnum Clad Temperature

Assume Credit for Bumup for Crticality
Computatons

- Accessible with Fuel Mast

100 10ns
24 PWR Assvs

1682 Ibs

40,000 MWD MTI
& 0%

472 kg assemnbly

10 years nominal
1§x 18

L7535 888m

Koy = 0.95

Inent Gas (Helium)
AF 1o 11671

127 BTU hr<fr

20 mr hr
combined gamma and neutron

200 mr hr combined gamma and
nenron

15 & above pool floor
Horizontal
MU

Based on 1.45% lnitial
Ennchment equivalent

1-7
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Table 1.1 (Page 2 of 2) Design Parameters for the Oconee ISFSI

« Maxumum Asserebl, Length (Includes 17310

Radiation Growth and Control Components

- Active Fuel Length 144 40
Note:
l I Licensing bass desgn calculations assume a homogeneous source over the active fuel region (See

I8

Section 7.2 1. “Characterization of Sources” on page 7-9). Elevated dose rates in excess of 200
mrem hr over lmited arcas of the transfer cash surface may be observed In particular, clevated
gamma dose rates 1 excess of 200 mrem hr, centered on fuel assembly end fitungs, can be anticipated
based on initial DSC loading dose rate survey data. Supplementan shielding calculations performed
subseguer 10 18181 operanon demonstrate dose rates as high as 565 mrem ar gentered on fuel or
near wssemblhy end fitungs can be anticipated

Priman Licensing basis cnticality control design feature 1s credit for 1810 ppm soluble boron i DSC
cavity  duning wet Josding operations Fuel assembly inittal ennchment bumup  qualification
procedures provide addmonal eriticality safety margn

REN: (30 JUNE 1991)



Ovconee 1SES] Safers Analysis Report

1.2 General Description of Instaliation

Table 12 Summan of ISFSI Fuel Handling Operstions

b W o -

o

20

Clean the DSC. f necessary, and Load 1t wnto the Transfer Cask

Fill the DSC with borated water and Transfer C. sk annulus with decuneralized water
Install the Inflatable Annulus Seal 1o seal the Cask DSC annulus

Lift the Transfer Cask Comtaming the DSC e the Spent Fuel Pool

Load the Fuel imo the DM

Place the Top Lead Shield Plug on the DSC

Lift .  Transfer Cash Containing the Filled DSC out of the Spent Fuel Poc! and Place it 1 the
Decon Pa

Remove the annulus seal

Lower the water level i the DSC transfcr cask annulus 10 approximately 1o 10 inches below the
top of the DSC shell

Lower the water level in the DSC 10 approxmately 4 inches below bottor surface of the top shield
plug

Seal Weld the Top End Shueld Plug onto the  "SC Body and perform NDI
Evacuate and Dry the DS

Backfill the DSC with Helium

Sea! Weld Covers for the Dramn and Vet Line of the DSC ana perform \NDI
Place and Seal Weld the Top Cover Plate over the Shield Plug and perform N\ Dl
Install the Transfer Cash Lad #nd Bolt i Flace

Decontamunate the Transfer Cask Surface

Dran the water from tie Cask DSC Annulus

Lift the Transfer Cask onto the Transter Trailer and Lower 1t imo the Horzontal Position
low the Transter Trader to the HSM

Remove the HSM Front Aceess Door

Align the Transfer Cask and the HSM

Remove the Transfer Cask Lad and Bottom Access Plate

Push the DSC into the HS M Using the Hydraulic Ram System

Retract Hydraulic Ram Arm and reposition transfer cask

Replace the HSM Front Access Door and Tack Weld in Placy

1-9
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Table 13 Primany Design Parameters for the ISES] Transport Systems

System

Transfer Cask

Transfer Cask Movemen!

Transter Cask 1ad

I ratler and Skid

114

Parameters

\ alue

Nonanal Cavity Diameter
Nomunal Cavity Length
Paylcad Capacity (Maxumum)
Reference Heat Ratng
Shielding (Surface Dose) at
Axal \hd;‘hm'

| iftable by Crane
Rotatahle by Crane from
Vertical 10 Honzontal

Remiovahle in Homzontal Position

Fruck ] ransponahle
|ranster Cask Lid Must Protrude
Past End of Traler and Skid

{(1ranster Traver
(Vranstes Trader Skid

Capacty

658 in

18K n

90,000 Ibs

158 kw (66 assembly)
200 mr ‘hr average

200,000 Ihs. maximum
Has rotation trunmons

400 1h
1825 em (b n)

104 D00KE ( 1 200 Loy
10G.0%0kg (110 tons)
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1.3 GENERAL SYSTEMS DESCRIPTIONS

The major systems. subsvstems. and compouents of the Oconer ISFSI are listed in Table 1-4 on
page 115 The following subsections brefly desonbe the principal systems and components and their
operaton

1.31 SYSTEMS DESCRIPTIONS
1.31.1 DSC Design

The NUHOMS-24P DSC 15 shown in Fagure 1 31 of the Topical Repont for the NUHOMS- 24P Systemn
(Reference 2 on page 1:21) The DSC w sized 10 hold twentyfour pradiated pressunced water reactor
(PWR) fuel assemblies The main component of construction is a stainless steel cvlinder with a nomunal
67 inch outside dhameter. The nomunal everall length 1s 187 inches. excluding grapnle nng

The components of the internal basket of the DSC are defined in Teble 1-4 on page 1415 and are also
shown on Figure 1.3 ' of Reference 2 on page 1:21 The basket is comprised of twenty four square cell>
The structural component of the cells 15 tipe 304 stanloss sieel

Structural suppon s provided by arcular stainless-steel spacer disks. The basket 45 designed so that there
i one dink under each spacer pnd of the fuel assembly Longudingl support 1s provided by the four
suppon rods whach run the length of the 13%¢

The DSC s equipped with two shelded eod plugs so that when the canister s inside the trunsfer cask or
the honzontal storage module the radiation dose @t the ends i hrmuted and they are accessible for
handling The end shueld plugs are constructed of lead surrounded by a steel body

The DSC has redundam seal welds at the top and bottom  The bottom cover plates are welded to the
DSC body dunng fabnication und the 1op cover plates after fuel loading Also, all connections (dran and
vent ports) will be redundantly seated Tius assures that no single falure of the DSC end plates will
breach the DSC. Funthermore, there are ne eredible acadents which would breagh the mam body of the
DS

Catcality safety dunng wet loading operations is assured by |} the design of the basket sthicture which
maintans & mimmum separation between fuel assemblies. 2) techmical specification procedures which
assure & munumum boron concentration i excess of 1810 ppm s mantaned withan the DSC storage
cavity dunng et Joading and unloading operations, and 31 procedures which irmut the reactivity of fuel
asaermblies loaded 2o the DSC 10 an established maximum through veo fication of initial ennclument and
SXpOSUTE Mston

1.3.1.2 Horizontal Storage Module

An sometnc view of & unt of four HSMs is shown in Figure 1.3-1A of Reference 2 on page 1-21. The
HSM 1s fabncated from reinforced concrere and structural steel which will be constructed in place at the
storage Jocation. The thick conerete 1op. front and sdes of the HSM provide adequate neutron and
gamuoa shuclding to achieve an average 20 mr hr surface dose. Norunal closure door surface doses are less
than 100 me he The transter cask surface has an average dose rate of less than 200 me hr for the locations
where workers must perform loading ano unloading operations
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Thick shield walls (3.0 fi_ thick) are provided on the outside walls of the modules at the end of the unit 10
provide shielding on the sides Sufficient (20 f thick) shielding between modules (10 prevent scatier in
adjacent modules during loading and retneval) is provided by the intenor module walls

The HSM provides fuel cooling by a combination of radiation, conduction and convection The air enters
at the bottom of the HSM and passes around the DSC and exits through the flow channels in the top
shicld slab Heat is conducted out of the DSC into the natural convection ar flow Heat is also radiated
from the DSC 10 the HSM walls where the natural convection au flow removes the heat Fagure 1.3-2 of
Reference 2 on page 1-21 shows the flow path and typical condinons. The passive cocling system of the
HSM was designed 10 assure that peak cladding temperatures are less than 340°C (644°F) dunng long
term storage for average normal ambient temperatures of 20°F The fuel can withstand shon term
temperatures of up 1o $20°C (1L0S8F ) dunng operational and acadental tranvents with no anticipated
adverse effects However, caleulations show that temy eratures reman well below $70°C at any ume dunng
normal operation or any postulated accdent

The HSMs are independent, passive systoms for the dny storage of wrradianed fuel assembhies. Therefore
the HSMs are designed 10 ensure that nomnal operation and eredible site hazards do not impar thest
fanction To thus end, the HSMs are designed 1o the following loads

I Winds and Tormado Gncludes mussile) - Oconge FSAR Chaprer 3 "Design of  Structures
Components. Equipmem. and Sysiems " on page 3|

& Seismic » Oconee FSAR, Chapter 3. “Design of Structures. Componests, Equipment, and Systems”
on page 3~

3. Flood - Oconee TSAR Chapter 2 “Sue Charactenstics” on page -

4. Snow and lee - ANSTASS].G982

& Combined Load (dead weight, It 'oads, 1emperature ) « AC] 34985

The HSMy are placed in service on & load bearing fowdation. Earth work 1 required to prepare the
sturage site for a level foundanion and access area

1.3.1.3 Transfer Cask

The transfer cash used with the ISFSI provides radwolopeal shigiding dunng the DSC drvng operation
and during the transfer 1o the HSN Bo.h newtron (Bisco NS-1 @ cementatious matenal) «ad gamma
{lead) shielding are wcorporated into the cask desigr For the Oconee ISFSL the transfer cask hay a
nomunal 188 inch long internal cavity with & nomnal 6% inch mternal diameter Figure 1327 of
Reference 2 on page 1-21 shows the major componenis of the transfer cask

1.3.1.4 Transfer Trailer

The transfer traller has & capacity of 120 tons The transfer tratler cames the transfer cask skid and the
loaded transfer cask The transier tratler 15 designed 10 ndy as low 1o the ground as possible 1o munimaze
the HSM height.  Four hydraulic jacks are incorporated mto the transfer trailer design to provide vertcal
movement for aignment of the cask and HSM. The transfer trailer ts pulled by & conventional tractor
Fagure 1.3-3 of Reference 2 on page 1-21 shows a typical transfer trailer arrangement. Also. as discussed
i Section 8£.2.3 of Reference 2 on page 121, the design basis drop heght for the NUHOMS. 24P
Transfer cask is 80 inches This analvsis bounds the Oconee transpont condiions The nominal travel
height of the transfer trailer deck is 41 inches which corresponds to a cask drop height of 59 inches
Dunng transit from the fuel building to the HSM site, the tratler deck will be automatically leveled by the
traller s hvdraulic suspension units. The maximum design travel for these umits can rase the traler deck
height 10 §2 inches. which corresponds 10 a drop height of 70 inches. Mechanical stops attached 1o each

112
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susuension unit cvlindet ensure that the cask cannot be lifted 10 & height greater than 70 incher above the
ground

1.31.5 Transfer Cesk Skid

The transfer cask skid is similar in design and operation 10 existing transport skids. The mjor differences
are

1. No equipment interferes with access 10 the 10p of the transfer cask when i fhe horzoatdl position

2 The skid is mounted on a smooth beanng surface and hydraulic posmocsrs provide honzontal
alignmem with the HSM A restramng bolt sysiem s provided to prevent movement duning trailer
1owang

3 The entire skad 1 mounted on & trailer
The above features are shown on Figure 13-4 of Reference 2 on page 1-21
1.3.1.6 Horizontal Hydraulic Ram

The hotzontal hydraulic ram is a hydraubc boom with a capacity of 80,000 Ib. and & reach of 6.55m
(31 % fiy The rart will be mounted on a separate trader for transportauon and will be mounted on &
surface supported tnpod dunng the DSC pushung insertion or removal operation Figure 1.3-§ of
Reference 2 on paze 1-21 shows the hydraulic ram

1.31.7 System Operation

The priman operations (in sequence of occurrence) for the Oconee system are shown schematically in
Figure 1.3:6 of Reference 2 on page 1-21 and are descnibed below

I Transfer Cash Preparatiop - Cask preparation includes taking smears of the cask wtenor 1o ensure
that the DSC will reman radiolopeadly clean. These operations are done in the decontamunation area
inside the spent tuel pool area The operations are standard cask operations and have been previously
perdormed by Oconee personnel. Detatled procedures for these operations ae desenbed in Chapter §,
“Srorage Svstem Operations” on page 5-1

DSC Preparation - The mternals and externals of the camster are vernfied to be clean Ths ensures
that the newly fabneated canister will meet existing Oconee specific entena for placement n the spent
fuel poal

3 Placement of DSC w Transfer Cash - The empt; DSC 1 inserted into the transfer cask. Proper
alignment 1+ assured through the use of abgnment marks on the cask and each DSC

4 Transfer Cask Lifung and Placement in the Spent Fugl Poo! - The DSC transfer cask annulus is filled

with clean demuneralized water.  The DSC cavity 15 also filled with borated vaater from either the
spent fuel pool or an equivalent source of borated water. This prevents an inrush of pool water when
they are placed i the spent fuel pool This will alse prevent comtamunation of the DSC outer surface
by the pool water. The DSC transfer cask annular regon s then sealed with an inflatable seal at the
top to prevent taing. The water-filled transfer cask with the DSC inside s then placed into the spent
fuel poo!

L=

L~

DSC Loading - Tweniv-four spent fuel assemblies are placed into the DSC basker. Thus operation is
identical 1o existing Oconee spent fuel shupping cask loading operations These assembhies will be
preselected 10 contral reactivity and decay heat using the adrumstrative controls on bumup, wmtial
ennchment, and decay tme detaled in Sevtion 102 5, “Admuustrative Contrals™ on page 10-6
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DSC Top End Shicld Plug Placemgnt - The DSC top end shield plug 1s placed inside the DSC using
the overhead crane with fi beam attached. The fop end shield plug is suspended from the transfer
cask lift beam by cables and 15 enplaced as 1t .~ _eam 1s re-engaged 10 the transfer cask trunnions

Tran ™. Cask_Lifung out of the Pool - The loaded transfer cask is lifted out of the spent fuel pocl
and placed in (he decontanmunation pt This operation 1s identical 10 exsting Oconee cask lifung

operations

- DSC Sealing + The water level in the DSC transfer cask annulus 1s then lowered approxamately 5-16

inches  Swapes are taken over the DSC exienor at the DSC upper surface and around the
circumference The water level in the DSC 1 loasred away from the wmade surface of the 1op end
shueld plug. Then a seal weld 1s apphed 10 the outer surface of the top end shield plug This provides
the pnmany seal for the DSC

Transder Cash DSC Dnong - A pressure bine 15 connected 1o the DSC and the water inside the
canisier 1 foroed out by helium pressure. The water. which 15 removed from the transfer cash and the
DSC . 1 retumed to the spent fuel pool or routed 10 the Oconee radioactive waste processing
equipment. The pressure line as then used 1o dred a vacuum 10 facilitate dnvng until the water
content meets the design cnitena

Helium Filliog - In order 10 ensure that no fuel and or cladding oxidetion ocours Juring storage, the
SC s filied with hebiume (He). To accomplish this. & penable hebium gas bottle is connected

The DSC s then filled with He gas After the DSC s filled with the mert ga.. the filling line 1s
removed and the DSC pons are plugged and welded closed

Final DSC Scaling - The 1op cover plate is positioned and seal welded  This provides @ redundan
seal at the upper end of the DSC The lower end also has redundant seal welds, which were provided
and tested dunng fabneation. This operation provides the double seal integnty of the DSC

Transfer Trailer Loading - Afer helium filking and scal welding, the transfer cask hd 1s posiioned and
bohed m place. The transfer cask 1s then lfted onte the transfer cask skid mounted on the transfer
*vailer and secured

[ransfer - Once loaded and secured. the transfer tratder 1s towed to the HSM This movement takes
place completels within the Oconee plart site and owner controlled arca

. 1ransfer Cask HSM Preparation - At the Oconge ISFSI the transfer trailer 1s backed into position

and the HSM front access cover is raised and removed Next. the transfer cask bd 1s removed. An
optical aignment svstem and the hydraubic skid posinoners are used for the final abgnment of the
transfer cask and HS M

HSM Loading - After final ¢ mment the bottom cover plate on the L:ansfer cask is removed, and the
DSC 15 then pushed imto th -+ SM by the hvdraulic ram

Storage - After the DSC is positioned inside the HSM. the hydraubic ram 15 released from the DSC
and retracted  The transder trailer 15 pulled away and the HSM tront access door is closed and tack
welded The DSU 1 now in sterage within the HSM

Retrieval - For retneval the HSM access door 15 rased and removed and the transfer cask is
positioned as prev' usly described ard the hydraubic ram 1s used to pull the DSC into the transfer
cask. All coupline attachment. alignment, and closure operations are done in the same manner as
previously describud. but in reverse order Once back in the transfer cask. the DSC and ts cargo of
canistered irradiated fuel assembhes are reads for shipment 10 @ permanent repositon or other storage
locaton. Provisions will he made 1o return the DSC 1o the Oconee spemt fuel pool if necessary,

1-14
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132 TABLES

Table 14 (Page 1 oi 2) \h;m S\m-ms Suhumrms and Components of lhr ()eunet ISH Sl

Dryv S1orage Canister
DSC Basket
Guide Sleeves (24)
Spacer Disks (%)
Suppon Rods (4)
DSC Shell
Shiclded End Plugs { Top and Bonomr
Cover Plates (Top ane Hoton
Drain and Fill Pons
Crrapple Rang
Honzontal Storage Moduly
Remnforced Concrete Walls, Roof and Ba-sinat

DSC Structural Steel Support Assemb

. DSC Saismue Retainer
Cask Docking Flange and Tie-Down Restrant

Heat Shueld

Shiclded Front Access Door

Ventdation A Openings {One Indet, Twe Outlets

Shislded Ventilation Air Inlet Plenum

Vemtilavon Agr Outlet Shie’ding Blocks
[ ransfer Cask

Cask Structura! Shell Assembly

Bolted Top Head Assembly

Cask Lifung Trunmons

1 ead Gamma Shielding

Neutron Shueld Assembiy

Ram Access Penetration Cover Plaw
Transier Trailer

Heavy Industnal-Grade Trailer

Cask Support Skid

. —Skid Positoming and Alignmens Systemn ST, L e R et T ) = PNl FT L

1-18
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Table 1-4 (Page 2 of 21 Maior Systems. Subsystems and ( omponents of the Oconee ISFSI

2

Hydraulic Ramn Sysien
Hydreulic Cylinder and Suppons
Hydrav'ic System

Grapple Assermnbl

1-16
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1.4 IDENTIFICATION OF AGENTS AKD CONTRACTOURS

it rUne contractos for dessph &t anniyvs the Oconee ISFS) o Pacihic Suglear Fuel Systems e of
San lose Caldomie HSM construction o the responsibiity of the Duke onsite constifuciof Organizanucn
¥ absmcatioe { 1anyer pmnent and DA I & he respons bl f Pacidie Sudlear Yuel Svstems
It
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21 GEOGRAPHY AND DEMOGRAPHY

211 SITE LOCATION

The Independent Spent Fuel Storage Indtallation (ISTST 18 located on the Oconee Nuclear Station Plant
site The site i locuted i Oconee County, South Carolna. approsmatels § miles northeast of Seneca
South Caroling &t latitude M 4738 2° N and Jongtude K280 884 W Lake Keowse 18 located 10 the
north and west of the sne The Corps of L njaneers Hunwell Reservoir i south of the sive and Duke s
Labe Jocassee lies approsmately |1 mules 10 the pofth. Figure 21 on page 29 (based on Figure 21 on
page 2-13 of Oconee FSAR ) shows the site location with respedt 10 neghhonng sates and counties
withan 80 miles

21.2 SITE DESCRIPTION

Figure 22 on page 200 (hased on Figure 3-8 on page 216 of Qeonee FSAR) shows the site, propeny
line. exclusion area st struciures and eeneral features of the area Figure 23 on page 2411 1s & detailed
site lavout showing the ISFSI location an relation 16 major die features There are no industrial
commetcial insttutional o recreational tiructures within the site boundars A visitors center and the
Keowes Mydroelectne Station. both ow ned B Duke are Joewed waniun | mile of station center. Duke
does not own the vacated O3 Packens Church and Cemeten o small hisione propen Jocated cast of the

station wihich 18 not cusrently heing used

The topographs immediniely surrounding the 1SFS) (Figure 2:3 on page 2-11 ) conusts of relatively flat
terrn whach bas betn grassed or graveled over and & routinels muntained by the station Routine
maintenance of the immediate siie Vicnity assures that sroson will be manima and thit fire hazards due
1o burming vegetanon are also munumized

21.21 Legal Responsibilities for Site

All the property withun the | mile radius exclusion ares including maneral aghts is owned by Duke exeept
for the small vacant rural church plot belonging 1o Old Pickens Chureh, nghts-of-way for exsting
hughway s and approxmately 9.8 acres of U 8. Government property involved with Hanwell Reservou

The Manwell propens is either a portion of the Hantwell Reservour or subject to flooding and not stable
for other uses Duke has obtancd from the owners of the church plot and from the United States the
pght 10 restnet agtivities on these properies and 1o evacuste them of all persons at any me without pnor
potice 1. 10 1s opinioa. such evacuanon 1% necessany of desirable in the interest of public health and
safen

The propents which i withun the exclunion ared and which is not owned by Duke 15 shown on Figure 22
on page 21U

2.1.2.2 Other Activities Within the Site Boundary

Duke Jower Company owns and operates the Oconee Nuclear Station and the Keowee Hydroelectne
stanon The ISTST s located withan the owner controlled area of the nuclear plant. 1SFS] operations have
been considered for impacts upon (h, Laconee stabion facility operaung hoenses Duke submitted &
request. pursuant 10 I10CFR Pan &0 1o amend these licenses for the three Oconee Lrits 10 permit Duke
10 operate the 1SFS] This amendment reguest concludes that with cenan minor modifications all aspects

23
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of ISFSI] operation whach are conducted withat the enisting Ocones station can be conducted safely while
meeting the ontena for & no sgnificant hazards finding

Al ISHS) operations are performed b the existing Oconee workioree  Only the transfer equipmien! used
for the storage s stem 1 dedicmed exclusvely 10 ISFSI operations No indindual or group 15 dedicated
exclusivels 10 the ISFST Operstional comtral of the ISFS] includes prossdare: for the spent fuel pool
loading steps and the subsequent transfer 10 the ISFSD Al procedural steps necessary for poepanng the
DSC transler cask for transport from the fuel building 1o the 18FS] are completed A1 this poant other
procedures for transpon of the DSC wansler cask and emplacement of the DSC into an HSM are used
ISEST opetations reguired the following fuel bulding modifications
| Enlarging the opening of the cask decontamunation pit covers

2 Shonening the progection from the spent fuel pool wall of the cooling system antuke mipe This s
needed 1o provide clearance for the vanster cash in the spem fuel pool cash pit

U The addiies of a mucradmve 1o the fue) crane positioming sysiem 1o @d in the preasion placement of
the transiet cack

The following susibiars squipment is used exclusivels for DSC transder cask opergtions withan the fuel
buldny

. Transder cask il voke shd extenson member

2 Vieuum drang equipment

3 Autoratic welding eguipment

4 Shings for the vranster cusk bd

§ Cask prt degaession platfonn

Additional description of the ISES] and Fuel Budding systemes and facility s nduded n Section 4 4
“Operating Systems on page 4205

Other aon-plant related actvities are hmved 10 the highways through the Eaclusion Area. Duke s Vistors
Center. recreation on the lakes and the Gdd Pickens Church and Cemeters which are lusioncas landmarks
and will not be used for regular servaces

21.2.3 Arrangements for Tra¥fic Control
Arrangements have heen made with the South Caroling Sate Highway Department 1o control and Limit

traffic on public lghways i the Exclusion Area should 0 become necessary an the iterest of public
health and safety

21.3 POPULATION DISTRIBUTION AND TRENDS

The population distribuaon is based on the 1970 gensus Table 2.1 on page 2.7 gives the population
distribution within 10 miles of Oconee. The majonity of aticens live i the oities of Walhala, Seneca.
Clemson &nd Central S € The area is largely rural and sparsely populated. The population projections
for the (S0 mide: distribution around Oconee s gven for vear 2020 i Table 22 on page 3-8 These
projections are based on the 1980 census The population within the 10gmle radius is progected 10
approxumatels double by the vear 2020 with no individuals permanenthy residing within the 1-rale radius
of Oconec
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21.3.1 Transient Population

It is expected that Lake Keowee s 300 mile shorehne will be fully developed by the early 19905 &t which
tme the estunated transient population will be 36000 This estunate 1s based on development of lakesde
lots, public access areas. and #xpanded commercial activities 10 take advantage of expanded recreational
opportuntics There will wot be any cottages within the Eaclusion Afca

The visstors cemter located on Duke Property just nonth of the plant and withun the Faclunon Area. wis
host 1¢ S10.600 people dunng ns first 2§ months of operation

Thete are no large industnies withan $ miles of the site therefore no industrial transients

214 USES OF NEARBY LAND AND WATERS

Residential development of Lake Keowee s shoreline 15 expected 10 be the mior use of the nearby land
Commeraal development o antapated 1o increase in tesponse 10 the resdential develc pment I'he waters
of Lake Keower ate used for fishing. boating and swimgming by the public through vanous publc and
povale reereationid arcas

Ihe following descrption of land use and local red populations in Pickens and Oconee Counties i the
Hngrale 192 of the Oconee Nudlear Station 1 based on the Dconee Suclear Station Lmergencs Plan &
of Aupust | 19ss

Packens Covnty bes withan the 10-rile 1 P7 of the Oconee Suclear Station Involved are spproximately
‘«Q 1N MU miles of coants termon and ar'"“\umm‘..]‘ LRI MHN(' Also m("udl’d are ."W(’m.‘ﬁl.\
W0 dairy ewttle. 10 mulkeproducing goats, 243 head of swine, 2 938 head of beef cattle and 15 head of
meat-producing goats

Also. ivolved 1 the 10amle FPZ are approsmately 256 aeres of vegetables. 47 acres of apples. and @
large number of residential vogetable gardens

This aree has approsamatels 1,297 sores of hay crops and 4670 acres of pasture grass

A lasge portion of Ocones Counts lies within the 10-mile FPZ of the Oconee Suclear Station. Incdluded
i thas zone are approxamatedy 165498 square mules of land and approximatels 26000 peopde, with the
largest concentration in Seneen Oconee County s 684 square miles are divided o 22.665 acres of
cropland. 288 804 aores of woodlands. and approxumately 127 333 aeres that fall into & general category of
“all other” There are a 101l of 13 danes i the Joamale 1PZ

The largest portion of jand 18 devoted 1o arops such as sovbeans. cotton hay, wheat. small grain, and
com . apples, foresiry, poultny beef or dairving

Production of meat. agnouhural crops and milk for the Samile radius of Ocones Nuclear Station for 1980
was as follows

meat = 115 1ons

crops = 31U 40ns

milk = 8 300 gallons

This data has not significanths changed since 1t became available in 198

26
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There are two schools located withun the Semile radius Six Mile Flementary School - 522 students,. and
Keowee Llementan School < 299 wudents Two speaal care instinutions are located within tac Samile
radivs: Harvey s Love and CareHome and Six Mie Retirement Center nursing homes have a 1otal of K

patients

"2
>
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215 TABLES

Fable 21, 19% Population Distribution & 10 Miles
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216 FIGURES

COUNTIES WITHIN
A 30 MILE RADIVS
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Ceeneral Location
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2.2 NEARBY INDUSTRIAL, TRANSPORTAT/ON, AND MILITARY
FACILITIES

221 INDUSTRIAL AND MILITARY FACILITIES

There ¢ no bupe industngd or miiten faciblies of activities within § mailes of Oconee. No other uclows
facibiiies ductuding university research reactons are presently located withan a SO-mule radius of Ocon
Suglear Staon

2.2.2 TRANSPORTATION ROUTES

Figure 22 on page 2-10 shows the major transportstion routes withun | mile of Oconee  There are no
oil of gas pipelines within § miles of the sitc The nearest ralroad line or spur s Jocated st Newry, 8
which 1 putside the Smile radius from the plant

The nearest wirport is the Clemson-Oconee Aupon located approsmatels 9 miles (o0 the south of the
plant. The runwas s onented | NE-WSW . Packens Counts Aupon s located approxisaately 10 miles to
the cast of Ocoret Suddear Station. The runway s onented i & NE-SW duection. Anderson County
Airpor 1 located approxsmately 23 mides SSE of the plant. It has twe runwass onemed as follows
NEAW and SSWSSE The omentation of the SNWOSSE runwas 6 oot 0 & Araght line toward
Oconee Suder Station The sbove formation o based on the “Atlants Sectional Aeronautical Cl,.n
Scale | 5000007 A%h Edinon. September 25 19%6 published by the US. Depantment of Commerce. No
stractures which could cause damage as deseribed in Reg Gunde 348 pare 2.2 are located near the plant

2.2.21 Description of Products and Materials

The tughwuvs passitip through the | mile radius oxclusion area wre SC Routes 130 and 183 which carmy

local araffic only with infrequent trucking of hazardeus chemucals and explosives sinee the general area 18
nomndustral

Only small amounts of chlonne are stored on-site since chlonne 15 not used for condenser cleaning &t
Oconee No individual contaiser contams more than 150 Ihs of chlonne. The chlonng 1s used for drnking
water punfication and wasie treatment, with three 10 five 150 |b containers typically being i use. The
maximum 1otal number of contaners on hand al any wme 1 approxamatels ten
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2.3 METEOROLOGY

e - T A —

231 REGIONA, CLIMATOLOGY

Western South €205 s v/ outh of major storm tracks but experiences hugher precipitation amounts
that the east o «meh, A= S on in the lee of the Appalachian Mountans A sermy-permanent belt of
hugh pressure sttt e s the regonal chmate. Dunng the fall season. the ares has o high
probubilts of gaprnes o ussphenc stagnation dunng which the dilution rate for effluents 1 low due
1o low wind s sy

The Oconee past 24 » ivated on Lake Keowee which was established 10 provide cooling for the three
exasting Oconoe N w0 ic mims and future Sleam generating units as well as storage for Jocassee (pumped
storige ) wnd K¢ (con arona) hydroelectne stations The topographs i the vicuty of the site 1
moderatels rollig ¥ Uw Kusd wir flow 1 indluenced 10 some extent by the contour of the lake The
prevailing wand - are &4dd briween the southwest and norheast quadrants due 10 the lake onentation
and large scak; juosdur 1" o

A complete Az iphion o/ tepional and local wand data including nornal and extreme parameters can by
found in Seizon 2400 e FSAR

2.3.2 LOCAIL METEOROLOGY
2321 Data Bourtes

The acoident waah wme seteotolomeal duti base discussed in the Oconee SER Section 324 Unaws 2 and 3,
is for the penind March 15, 1970 « March 14,1972 Joir frequency tables of wind diection, wind speed
and amosph cnc wailic s are shown an Table 2-3 on page 1N

2.3.2.2 Topopruphy

Figure 2-40m page 2-24 shows the detutled wopography within 5 miles of the storage site

233 ONS.TE METEOROLOGICAL MEASUREMENT PROGRAM

Meteorolopenl measarements include wind direction and speed horizontal wind direction fluctuation.
temperature  verncd temperature gradient, and rain‘all The relative position of instruments with respect
1o station vard is noted in Figure 3-8 on page 2-25 Relative clevations of both surface levels and
wstrument levels are depicted i Figure 26 on puge 226

Wind meassrements are made with the Packard Bell Model W § 10111 senes wind direction-spoed system
with starting ihreshoids of 07 and (.6 miles per hour for direction and speed respectively. Wind direction
and speed are recorded 1n the control room on I sterline Angus Model A 601 C stnp chan recorders with
4 svstere accuracy of < §4 degrees for dwection and 0 4% miles per hour for speed. Temperature and
delia temperature measurements are madc with the Leeds and Sorthrup 8100 Senes 100 ohm resistance
temperarure device with Packard Bell Model 127 thermal radiation shields Temperature and delia
tempetaure are recorded on the Leeds and Northrup Speedomar W recorder with a sysiem accurac) of #
1°} for vemperature (at 10 m level) and + 0.57F for delta temperature (46 m level referenced to the 10 m
Jevell. or data pnor 1 Tebruary 24. 1977, delta temperature Was measured 8t the 46 m level and the 1.8

218
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2.3 Meteorology Oconee 151 51 Safety Analysis Regort

m level  Ranfall v measured near the meteorologpeal 1ower with the Belfornt Weighung Ran Gauge
Model 8780 with an accuracy of £ 003w and 2 006 i, for zero 10 five and five 10 ten inch 1otals

respectively

Operational measurements consst of neas real-time digital outputs in addition 1o the previously descnbed
analog system. An entirely new st of instrumentation has been nstalied including the measurement of
dew point (st 10 m level) supplemental Jow - Jevel wind system (ot 10 m level) provides input for
emergency dose asseswment (see Fagure 2.5 on page 225 and Fagute 2:6 on page 3-26) The tan gauge
has beeti relocated near the supplemental wind system

Instrument specifications for operational measurements are
1 Wind Digeuon
s Manufacrurer Teledyne Geotech
b Time - averaged dignal accuracy & V' of anmuth
¢. Time - averaged analop accuracy 2 6° of aamuth
d Starting threshold 0.3 mosec at 107 matial deflection
¢ Damping ratio 0.4 91 107 mitial deflection
{ Imstance constant 1 1 m
Wind Speed

o Manufacturer Teledyne Geotech

L2

b Time - averaged digntal acouracy £ 027 m sed I speeds less than 27 mosec
¢. Tume - averaged anulog accuracy 2 040 m sec for spoeds Jess than 27 m sec
d Starting threshold 045 mose
¢. Distance constant | S m
3 lemperatue
a Muanufacturer Teledyne Geotech
b Time - averaged dignal accuracy x 03°(
¢ Time + averaged analog accuraey 2 0.5°C
Deha 1emperature

& Manufacturer Teledyne Geotech

F 5

b, Tiume - averaged dignal accuracy = 010C
¢ Tume « weraged analog accuracy = 015°C
Ix\l Epm]

& Manufacturer General Lastern

e

b. Time - averaged digital accuracy + 047
¢ Time - averaped analog accuracy 4 06°¢
¢ Preapiauon

& Manufacturer Teledyne Geotech

216 REV (M JUNE 1991)



Cnonee ISESE Safets Analysis Report 23 Metooralogy

b Digntal sccuracy 3 6% of 1otai sccumulation &t 18 om by
¢ Analog accuracy 2 9% of 1otal avcumulation ot 1§ em e

d Reso'ution .25 mm |

Near real-ume dipital output: of meteorolopeal measurements are summansed for endto-end 15 min |
peniods for use i o vear real-time pufladvention model 1o caloulate offuie dose dunng potential |
radiclogicn) emergencies The Operator Aid Computer (OAC) system computes ¢ 15 mun quantities |
from & sampling ntegral of 60 sec 1 caleulates 15 min average values for hgh o 1 supplemental low |
leve! wind direction and speed. 15 mun sverapges are also caloulated for delta \empecsture, ambient ‘
temperature and dew point wemperature  Toted water equivalence s computed for precipitation. AY 1§
min  values wre stored with & 24 br rocall Permanent archiving of deta from the dignal system is made
by combuming the 15 min guantities into one hour vadues

234 DIFFUSION ESTIMATES
2341 Basis

The design tworhowr X Q st the Iadduson Ascs Boundary (LAB) for acadental releases w4 5 -4
(s ')

2342 Calcyiations

Vo wtcdiation of & twochouwr X Q value 1o estimate radiological doses from potentia) sceidental releases
from the storage site (See Figure 100 on page 141 s based on & plant desygn condimon of Fasquill Type
Fostabibiny with & wind speed of Im see as proposed in the Oconee Safets Fyalustion Repont, Section
124 Urune 2 and 3 The equivalent design condition [98 percentile hourly average N Q] for the ISFSI »
& Pasquill Type T ostabiling with & wind speed of 065 m sec The ca” ulation assumes & gaussien matenal
distnbution from a ground leve! redease with essentiadly 8 poant source geometr

NQuiline, o,] wadl = d(n m )

Where U mean wind speed &t 10 m = 068m see)
e, (1Um) # crosswind concenration detrbunon standard deviation = §7m
e (1.omi @ vertical concentration distribution standard deviation = 19 m

¢ Slade DM (ed )y 196% Meeorology and Atomic Energs 1968 TID- 24190, National  Technical
Information Service, Springlicld Va

REN (30 JUNE 1991
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2_».‘ (Page 4 of 8) .Iumvhmmw« of Wind Direction and Speed by Stability Class 7
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3’1”’!&0 h of 6). Joint Frequencies of Wind Direction and Speed by Stability (Tass
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2.4 HYDROLOGIC ENGINEERING

241 HYDROLOGIC DESCRIPTION
2411 Site and Facilities

The locavon and descniption of Oconee presented in Chapters 1 and 2 includs reference 10 figures showing
the generdl ammangement, layout and relevant elevations of the station. Staton yard grade 1s 796 ft. mean
sca level (msl). The mezzanine floor elevanon in the Turbine, Auxibary  and Service Buildings 15 796.5 ft
{msl). Extenos accesses 10 these buildmgs are at elevetion 7965 ft (msl)

All of the man-made dikes and dams forming the Keowee Reservoir ¢ v an elevation of K15 fi. msl
including the imake channel dike The crest of the submerged weir in the intake canal is at elevation 770
ft. msl

F'ooding at the ISES] will not occur Fagure 2-2 on page 2-10 shows the location of the ISFS] at the
Oconee site, and Figure 2-11 on page 2-60 shows the relative Jocation and topography o the ISFS] yard
at Flevation 8250 and the surounding terran features, including the Keowee dam and dikes The
Probahle Maumum Flood level for Lake Keowee. as defined i Section 2422, “Flood Design
Consideration” on page 2-28 15 Elevation 808.0 whach is seventeen feet below the ISFSI site yard level of
Elevation 8250 Also. the peak flood level due 10 a postulated falure of the upstream Jocassce Dam s
Elevation 81312 as discussed in Section 24.5 1, “Flood Protection Measures for Oconee Station Seismic
Class | Structures” on page 231 Thus, since all of the man-made dams and dikes forming Lake Keowee
are constructed 1o an elevation of 8150 and stnee the ISFS] site elevation of 5235 0 15 above the maximum
lake level which can be maintaned. there 1« no potential for the reservorr leve. reaching the ISFSI site by
overtopping. Therfore. flooding of the 1SFSI will not ocour

The ISFS] vard 18 surrounded by drainage mtercept ditches szed 10 prevent local overland flow from
reachung the ISFSI site. In addition, stormwater dramnage 15 provided in the paved areas of the ISFSI site

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

2.4.1.2 Hydrosphere

The main hydrologic feawures mfluencing the Oconee plant site are the Jocassee and Keawee Reservoirs
Lake Jocassee was created in 1973 with the construction of the Jocassee Dam on the Keowee River. The
lake provdes pump storage capacity 10 the reversible turbine-generators of the Jocassee Hydroclertnc
Swation, located approximately 11 mies north of the plant. At full pond. elevation 1110 ft, msl, Lake
Jocassee has a surface area of 7565 Ac. a shoreline »f approximately 75 mi, & volume of 1,160,298 Ac-ft.,
ana ¢ ;o201 dranage area of about 1458 sq mi

Lake Keowee was ereated in 1971 ».th the construction of the Keowee Dam on the Keowee River and
the Little River Dam on the Little River. hs poman purpose 15 to provide cooling water for the plunt
and water 10 turn the turbimes of the Keowee Hydrogientne Station, At full pond, elevation 800 fi. ms!
Lake Keowee has & surface area of 18.372 A¢. a shorehne of apypaosimately 300 mu. a volume of 955,586
Acofi. and a wotal dranage area of abow 439 sq mi The Jocassee i’ Keowee Reservoirs and the
hvdroelectne statons located at these reservours are owned and operated by Duke
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2.4.7.2 Regional Groundwater Conditions

The Oconee Station lies within the drainage arva of the Litt'e and Kee~ » Rivers which flow southerl;
into the Seneca River and subsequently discharge into the mai draina,. course of the Savannah River
The average annual rainfall a1 the site wea 1s approximately 53

The deposits of the Little and Keowee dranage basin are generally of low permeabiliny whuch result an
nearly total runofl 10 the two nvers and therr numerous tnbutary crecks Runofl occurs soon after
precipitation, parucularly dunt, the spring and summer months when the soil percolation rates are
ex- g by the shor term but higher vielding rainfall penods. The area is charactenzed by vouthful
w streams and creeks which discharge imo the mature Little and Keowee Rivers

Throughout the area. groundwater accurs at shallow depths within the saprolite (residual soil which is a
weaihening product of the underlying parent rock) soll mantle overling the metamorphic and 1gneous
rock complex (Reference 1 on page 2-87)  Refer 10 Section 2.5, “Geology and Seismology” on
pag: 2-43 This saprolite soil. which ranges in thickness trom a few faet 10 over 100 f, 1+ the aquifer for
mos: of the groundwater supply Wells are shallow and few exceed & total depth of 100 ft. Depths to
water commonls range from § 10 40t ft below the land surface Seasonal fluctuation is wholly dependent
of the raindall and the magnitude of change may vany considerably from well 10 well due 10 the hmined
areas of available recharge Average fluctuation 1s about V1o § fi Both surface water and groundwater i
thus area are of low muneral content and generally of good quality for all uses

To determine the general groundwater environment surrounding the plant arca groundwater levels were
established in numerous domestic wells and exploratony drill holes dunng the ongnal program in the late
1960s within & four-mile radius Additiona! data was obtained from mmterviews with local remdents
regarding “pecific weus and discussions with State and Federal personnel The results of the groundwater
level survey are shown on Figure 227 on page 2-3% The results demonstrate that local subsurface
drainage generalls travels down he topographic slopes withan the more permeable saprolite soil zones
toward the nearby surfuce creck or stream Gross dramnage 1s southward 10 the Little and Keowee Rivers
which act as a base for the gradient

Because the 1opagraphy and thickness of the residual soil. overlying bedrock control the hydraulic gradient
throughout the arca, and further, the rehief 1s hughly vanable withun shon distances 1 18 not possible to
assign & meaningul average gradient for the 15 square mile area surveyed In all small areas studied withan
the four-mile radius, the groundwater hvdraulic gradient 18 steep and conforms 10 the topographic slope
Water released on the surface will percolate downward and move toward the mam dranage channels at an
estimated rate of 150 10 250 fi. per year

The gradient throughout the area represents the upper surface of unconfined groundwater and therefore is
subject 10 atmosphenc conditions. Confined groundwater occurs only locally as evidenced by the existence
of solated springs and a few exploratory dnill holes which encountered artesian condiions. These
examples do not reflect general conditions covenng large areas but merely represent 1solaled local strata
within the saprolite soil which contan water under a semu-perched condition and or permeable strata
overlain by impermeabie clay lenses which have been breached by erosion at its exnt and recharged shon
distances upslope by vertical percolation

The plant area is on & moderately sloping northwest trending topographic ndge which forms a drainage
divide between the Littie and Keowee Rivers located approumately 0.8 mile 10 the west and east
respectively Groundwater levels at the plant sie. measured dunng the 1966 dnlling program and
subsequemly in four piezometer holes dnlied for pre-coustrucion monionng purposes. ranged from
elevation 792 fi (msl) 10 696 . (msl) The slope of thus apparently free water surface is predominantly
southeasterly toward the Keowee River and its tibutary dranage channels An average hyvdraulic gradient
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10 the southeast of approxumately 80 percent was plotted along a hne of measured wells. Thas closely
conforms 10 the exsting 1opography as expected  Refer to Figure 2-8 on page 2-39 {nr measured water
lev s and typical water table profile

24.7.3 Groundwater Quality

The surface water and groundwater of the area is generally of good quality (Reference 2 on page 2-87) Of
the wells surveyed. none were noted where water treatment 1s being conducied Temperature of well water
measured tanged from a low of 46 10 & hagh of 59 degrees. The majonty of readings were from 50 to §3
degrees Fahrenhent

Water contains differemt kind amour.s of nuneral constitnents.  Temperature, pressure and length of
woe water 18 10 contac =ack types and soils determune the type and amount of muneral
consttuents present. B s are imate contact with the host rocks for longer penods
of wune, they have a n ~ncant @ o maneral content than surface waters. The mineral
content of natural surfac "o Prosmge s low due 1o the relative insolubility of the
granitic, gnessic. and schisg “Jduced contact ume caused by rapid runoff in the

mount@nous arcas

Tabulated below are th~ surface v.. d m parts per million from the Keowee River
near Jocassee, South Carolina. The w srnple - &en and analyzed by the US Geological survey,
Water Resources Divigion in June 19658

Sihea (M0 Th Carbonate (CO;) 0.0
Iron (F¢) 0.0l Bicarbonate (HCQ ) 7.0
Calcium (Ca) 1.0 Sulfare (80, 1.0
Magnesium (Mg) i Chloride (C) 06
Sodium (Na) B Fluonde (1) 0]
Potassium (K) 04 Nitrate (NOy) 0.]
Dissolved Sohds 15.0 Phosphate (PO 0.0
Hardness as CaCO); A0

rH 6.6

Spectfic Conductance 130

Soil surveys conducted by the US Department of Agnculture in cooperation with the South Carolins
Agricultural Fxperuaent Station assign pH values of between 5.0 and 6.0 for the Hayesvi'le and Ceeil soil
senes which are present at the site area (Reference 3 on page 2-87) Surface warer samples taken from the
Keowee River withun one mile of the site have a pH of 6510 7.0 I s expectud @oundwater at the site
has a pH ranging between 5.5 and 6.0

The cation exchang: potential can be svaluated by knowing the SAR (Sodiumu Absorption Ratio),
sal  tion extract values, and the pH of the soil Two saaples of sap.obite soil were obtained from dnll
holes used in determuning field permeability values and tested for Sodwum Absorption Ratio (SAR) The
results are tabulated as follows
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Saturation Extract V alues
Milligram-eguivaleni per

100 grains of soil
Sample No pH Cond. (mhos) Caleium Magnesium  Sodium SAR
] S8 5 0.045 0.000 0.010% 0122
2 $7 7 0.010 0.000 0.G)66 0.233

Considenng the amount of soil that is available 1s so great. 1 is evident that many umes the amount of
strontium and or cesium contained in the waste could be absorbed  Further, the distnbution coefficient
for jon exchange of radionuchides with the sediments 1s dependent on the pH of the water in the formation
(Reference 4 on page 2-87) The distnbution coefficient 1 a ratio of the reaction of these radionuclides
that are absorbed on the soil and the fraction remaining in solution It s expected that the soils
surrounding Oconee have a ratio n the range of K0 to 150 and consequently a sub tanually lower average
velocity for any radionuchde 10 that of natural water will result

The estimated maximum rate of movement of water through the soils is about 075 feet per day. Using
this rate in relation with the above distribution cocfficent, bulk density and porosity of the soil, and rano
of the weight of soil 10 volume of goundwater it indicates the radionuchde veloaty will be about 0018
that of groundwater L sing a safery factor of five for vanance in flow and compeution for exchangeable
sodium 10ns. 1t would require more than 1000 years for strontium or cesium ions 1o migrate a distance of
one-hall mile In summar . the movement would be so extremely slow that the saprolite soil 1s an
effective natural bamer 10 the mugration of radionuchides

2.4.7.4 Program of Investigation

Permeability tests were performed in bonngs 1n the late 60 as part of the ongnal site investigation
program 1o determine permeabiliies of the soil underhving the site. The tests were run according 1o the
Bureau of Reclamations Field Permeatulty Tests. Designanon F-19. Figure 2-9 on page 2-40 shows the
arrangement of the field test equipment along with a bnel desenption of the procedure used 1in
determining the soil permeability test results. Test results are from $ bonngs 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 page 2-4]
Field permeability tests conducted within the saprolite soil vielded values ranging from 100 1o 250 f1.0yr.
The permeability tests were performed i holes of varying depths to determun. of the zoned typed
weathering of the saprolite soil affects vertical permeability. Based on the test results, inspection of nearby
road cuts. and a study of the exploratony drill logs, it 1s concluded that the surficial saprolite possesses
lower permeahility values than that found 1n the deeper strata This correlates with the general profile of
the saprolite in that the later stages of weathenng produce a sou having a higher clay content than the
more coarse-grained sty sand sediments below  This natural piocess of weathenng results in the
formation of a partial barnier to downward move mewt of the surface water

2.47.5 Groundwater Conditions Due to Keowee Reservoir

As previoush discussed. the groundwater levels at the plant range from elevation 792 ft. (msl) 10 below
elevation 696 fi. (me!) The Keowee Reservoir operates with @ maximum pool elevatuion of 800 ft. (msl)
This results in raising the surface water elevation 1o that datum on the northemn and western portions of
land adjoining Oconee. It also rases the exsting groundwater table for those local arcas bordenng the
reservoir where formerly the groundwater surface was below elevation 800.0 fi (msl). The reservoir
matenally contributes in establishing a potentially larger recharge area and where 1t effects the groundwater
results in & more stable hyvdraulic gradient with less seasonal ductuation than formerly existed

t
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25 GEOLOGY AND SEISMOLOGY

Specific soil testing has been performed & the designated location for the ISFSI The data obtaned from
this testing 15 wtilized in the foundation design of the ISFS] (See Section 2.5.5, “ISFSI Foundation™ on
page 2-51). I should be noted that foundation condiions at the ISFSI sie are typical of those
encountered 1n the general station area The following sections discuss the Oconee site geology and
seismology

251 BASIC GEOLOGIC ANL SEISMIC INFORMATION

Geologe and seismic investiganive studies for Oconee Nuclear Station include the following
1. a review of the available geolopea) and seismologcal Iiterature pertaining 1o the region:

2 a peolopcal reconnaissance of the site. performed pnmanhy for the purpose of evaluating the
possibility of active taulting in the area

3 geophysical explorations and laboraton tests o provide parameters for evaluating the response of
foundation matenals to earthquake ground motion

S

an evaluation of the seismuc histon 1o ad i the selecnon of the design earthquake that the station
mught expenence. and

£ the development and recommendation of sessmic design parameters for the proposed structures

The geolope field work at the site was performed concurrently with the dnlling for the onginal plant site
I'he site reconnassance is @ contnuation of the geologie field work done for the Keowee Dam. Local
outcrops. though scarce. are examined and the rock types, jomt and foliation onentation noted

The ongmnal planmt structures are founded on normal Pwdmont gramite gneisses.  The construction
charactenstics of the resdual soils overlving the rock that form the foundation for the 1SFSI are known
and present no problems in design or construcuion. The rock underiving the ate, below surface
weatheing, 18 hard and structuralhy sound and contaws no defects which would influence the design of
heavy structures

The southeastern Piedmont rocks are highly stable seismologically . and the Oconee Nuclear Sue should
be one of the nation s most wactive arcas with respect 1o eanhquake actvity

2511 Regional Geology

The regonal structure 1s typical of the southern Piedmont and Blue Ridge  The repon was subjected to
compression in the northwest-southeast direction which produced a complex assoriment of more or less
parallc] folds whose axes lie in @ nontheast-southwest direction. The Blue Ridge uplift was the climax of
the folding. and 1t was accompanied by major faulting. along a hne stretchung northeast through Atlanta
and Gamesville. Georga and across South Carobna. 11 miles northwest of the sit¢. This has been termed
the Brevard Fault

The age of these uphfts has not been agreed on by geologsts. The concensus of geologic opmion seems to
require a penod of severe deformaton followed by ar least one additienal penod of less sevemty. Probably
all oceurred dunng the Paleozoic Era, but 1t has been suggested that the last major uplift was as late as the
Tnassic (180 mullion vears ago) when the Coastal Plan to the cast was downwarped. A number of

2-43
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investigators have maintaned that the major detormative movements occurred at least 225 milion years
ago. However, all the resulting stresses have not yet heen fully dissipated

There is no evidence of any displacement along these faults dunng either histonc tumes or dunng the
Geologic Recent Era as indicated in displacements i the residual soils that blanket the region While the
well known Brevard Fault passes 11 miles northwest of the site, there 15 no indication of & major fault in
the immediate vicuuty of the sine. Furthermore, the major faults of the repon are ancent and dormant,
except for minor adjustments &t considerable depth  Therefore, there 15 no indication of any structural
hazard 10 foundanons

The site is underlain by crystalline rocks which are a pan of the southeastern Piedmont physiographic
province.  This northeastward - trending belt of anaent metamorphuc rocks extends nonthward from
Alabama east of the Appalachians. and in South Carolna crosses the state from the Tall Line on the east
10 the Blue Ridge and Appalachian Mountains on the west. These rocks are generally recognazed as being
divided into four northeast-southwest trending belts in the Carolnas. From southeast to northwest thes
are the Carolina slate belt. Charlotte belt. Kings Mountain belt. and Inner Piedmont beh. The Oconee
Nuclear Site 18 1n the western. or Inner Piedmont Beh

The Piedmont metamorphic rocks of the site were formed under many different combinations o1 pressure
and temperature. and represent a complex succession of gealoge events The tormerly accepted conoept
that the Piedmont consists onhy of the deep. wom-down roots of ancen! mounians now seems
untenable The older theory that the rocks were exclusively of 1gneous ongn 1s being replaced by the
proposiion that they represent highly metamorphosed sediments which have been folded. fauhed, and
mjected 10 result in one of the most complex geologie environments in the world. 1t can be smd with
cenainty . however, that these rocks represent some of the oldest on the continent.  The new techmiques of
dating by rachoactive decay have placed the age of the metamorphic episades that moduced these rocks as
occurrng from 1,100 my (mullion years) 10 260 my ago. The successive portheastward trending bands of
rocks vany greathy n thology from gramutic types 10 fughly basic classifications with gneisses and schosts
bewng the predomunant clussdications petrographically  In summarny . the repona!l geology of the Oconge
Nuclear Site can be accepred as typical of the southeastern Piedmont - narrow helts of metamorphic rocks
trending northeast, with the fobation dipping generally 10 the southeast

2512 Site Geology

25121 Geologic History. Physiography and Lithography

The rock present at this site is metammorphic. 1 1s bebieved 10 be Precambnan n age thus. it was formed
over 60U million vears ago The complete history of this regon is quite complex and has not been fully
unravelled.  However. it is the concensus of the geologic opinion that the formation consisted of thick

strata of sedimentany rocks which were later downwarped and altered by heat and pressure. This first rock
formed 1s termed the countrs rock

More than one episode of regional metamorphism transformed the rock mto metasediments with
accompanving mjection and mobilization by plastic flow

Since the formation of the country rock. most of the mass has been altered or replaced by my=cnion of
granite gneiss biotite hornblende gneiss. and one or possibly more pegmatite dikes

It is not defnite which 1 the younger the granite gneiss mjection or the boute horoblende gneiss
injecion. The imited evidence points 10 the granite gneiss as the younger of the two
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The pegmatits dikes are the youngest rock known at this site. One such dike is exposed in the road cnt
on the east mide of the state highway passing through the mte It clearly shows the pegmatite cutting
through the older rocks, and thus, demonstrates that it 1s the youngest

Regiona! metamorphism . folding. and some minor faulting occurred concurrently much of ths carly time.

This site s located within the lnner Piedmom Belt. at this locality the westeramost component of the
Piedmont Physiographuc Province  The topography of the area is undulating to roling, the surface
clevations rzagng from about 700 ft 10 900 fi. The region 1s moderately well dissected with rounded
hilltops. representing @ mature regonal developmens  The area i well dramned by several mtermittent
streams flowing away from the center of the site i o radial pattern

The local gealogy of the Oconec Nuclear Site 15 typical of the southeastern Inner Piedmont Belt. The
foundation rock 1s biotite and homblende gneiss sinking generally northeast. with the foliation dipping
southeas  The rock 1s overlain by residual soils, which vary from silty clays at the surface, where the rock
decomposition has completed 1ts ovele, 1o partially weathered rock, and finally 1o sound rock

The strike of the foliation planes or bands of muneral segregation 1s north 6 degrees 10 15 degrees east with
an average dip of 22 degrees to 28 degrees 10 the southeast. However, due 10 the local folding or warping
at this site. minor vanatons in the stnke and dip of the foliation will occur within the site

There have heen penods of erosion and perhaps even continuous erosion since the close of the Paleozoic
Fre The rock now encountered & this site represents the deeper poruons of the onginal metamorphic
complex

The rock encountered @ this site is of three main types: hight 1o medium gray graniic gnerss, light gray to
black biotite homblende gneiss and white Quanz pegmatite with Jocal conceatrations of muca. both
muscovite and hotite vanets s

I hie dominate rock type at this site 15 the hght ‘o medium gray gramte gneiss Thas rock type 1s generally
moderately hard and hard below the iniual soft lavers encountered in the rock surface  Joints in thas rock
are brown iron staned in the upper softer lavers, but in the deeper harder rock. the joints are not stained
This helps illustrate that the jointng at this site does not control the weathenng or decomposition of the
rock

The second most abundant rock type s the biotite hornblende gneiss. The rock 1s generally weathered or
softer 10 a greater depth than the gramte gneiss. Thas s probably due to the higher percentage of bioute
mica.  Biotite mica 1s a potassium magnesium-iron aluminum silicate The won content of the botite
mica causes the rate of decomposition 10 accelerate.  However. generally at the deeper portions of the
orignal plant bonng:. the biotite homnblende gneiss hardness increases to moderately hard or harder
Onls a few thin soft layers were noted in this rock in the deeper porion of the ongnal plant bonngs but
not in the ISFSI site boring logs which are presented and discussed i Scenon 254, "Subsurface
Matenals on page 2-30

A few lavers of hard quartz pegmatite with local concentrations of mica were recorded.  The thickness of
the pegmatite layers are generally less than three feer.  These pegmatite lavers are dikes. A dike 15 &
sheetlike body of igneous rock thar fills a fissure in the older rock which is encountered while in a molten
condinon  There is an exposure of mica-quartz pegmatite dike on the east side of the state road cut
passing through this project. Thas dike exposure 15 about 3.5 fi. wide but due 1o the lack of knowledge of
onientation of the dike, the exact width cannot be computed  The quanz pegmatite encountered in the
ongnal station bonngs probably represent other smaller dikes of the same matenal  Thess dikes are of
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hard, sound and durable matenal and should cause no concemn 1o construction or foundation
requirements

25122 Rock Weathering

Rock weathiering &t the Oconee Nuclear Site 15 about normal for Predmont biotite gneisses. The range of
depth before sound rock 15 reached is 0 1o 35 fi for the ISFSI foundation  Yard grade is nominally
elevation %250 msl with the bottom of the foundaton at elevation 8220 msl  The resuling residual
matenals - clays, silts, and weathered rock - are structuraily strong. and are used in situ for the foundation
of this structure

25123 Jointing

The rock at the Oconee site is moderately jointed Al of the visible rock ouwcrops were studied in
stiempting to determine the correct onentation of the jount patterns

Some moderately good rock sutcrops were found and several joint pattern onentations measured.  While
studyang and loggng the onginal site rock cores, all of the jount dips were recorded The dips of the joint
patterns recorded 1n the rock cores were associated with the dips measured in the rock outerops

The rock has apparently not been subjected 10 stresses causing hagh concentrations of joints The core
honngs indicate that jonting is widely spaced. and has not influenced the weathenng patiermn Jomnts are
about equally divided between stnke and dip jomnts. with occasional oblique jounts

2£1¢4 Ground Water

Subsurface water 1 typical of Piedmont atea. The top of the zone of saturation. or water table, follows
the opography, but is deeper in the uplands and more shallow in valley bottoms It migrates through the
pores of the weathered rock. where the feldspars have disintegrated and Jefi inersticial spaces between the
quanz grains. Addimoral water 1s contained in the deeper fractures and joints below the sov ad rock line
The water table 15 not stationany. but fluctuates continually as a reflection seasonal preapitation
Addimiondl information on ground water 1s included w Section 247, “Subsurface Hydrology” on
pag 231 Groundweter elevations encountered dunng the ISFSI site bonngs are noted on the bonng
logs. Section 2 5.4, “Subsurfuce Matenals” on page 2-50

2.5.2 VIBRATORY GROUND MOTION

A seismolopcal study for the Ocones Nuclear Site hes been performed to determine the design and
hypothetical earthquakes for the site and the ground motion associated with them Detals are discussed
in Section 2 5.2, “Vibruton Ground Motion™ on page 2-214 of Reference 3 on page 2-87

2.5.21 Earthquake History

The larpest earthquakes close o the site occurred near Charleston in August. 1886, some 200 miles from
the site. Tweo shocks occurning closely in time. had an intensity estumated to be about Modified Mercalli
IX at the epicenter and were perceptible over an area of greater than two million square miles

Aftershocks of the main earthquake had miensities rangng up to Modified Mercalll VI These shocks
may be associated with a downfaulted Tnassic basin under the coastal plain

There have been two moderate earthguakes in the immediate vianits of the plant since construction
began
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From the late Triassic time until the present, the coastal plain has accurnulated & sedunentary cover over
s crystalline-metamorphic bedrock  These sediments overlap the bedrock and thicken toward the
~outheast, effecuv-ly masking any ancient faulting

1t is considered possible that igneous activity has ocourred in the region after the Tnassic because volcanic
bentonitic ¢lavs of Focene (approximately S0 milion years ago) and possible Miocene age (12 milbion
years ago) hv ¢ been mapped in the sediments of the coastal plan in South Cwolina The source of this
volcanic act’ 1ty 1s presently unknown

Faulting 11 names, distances and directions from the proposed site and the probable age of the known
fauliing i the repon are & follows

Distance- Direction Probable Age
Name Form Site Millions of Years
Brevard Faul 11 Miles NW 260
Dahlonega | ault 40 Miles W 260
Whitestone Fault 47 Miles NW 260
Towahga Fault 90 Miles S 260
Cantersvilie Fault 114 Miles W 260
Gold Hill Fuult 115 Miles | 260
Goat Rock Tault 140 Miles SW 260
Trassic. Deep River Basin, N O and S.( 140 Miles 1 200
Trassic, Danville Basin, N € 145 Mies N 2000
Crnsp and Dooly Counties. Ga 190 Mules SW 1210 70
Probable Tnassic Basin Charleston S C 200 Miles §1 200

The first seven fauls are all associated with the last metamorphic period  The Brevard, Whatestone,
Dahlonega. and Canersville faults apparently form ap interrelated system This system separates the
eastern metamorphic belts from the Blue Ridge metamorphic belt and the overthrust zone on the west

The Towaligs Goat Rock. and Gold Hill Faults. and the Kings Mountain belt apparently form anc.cher
interrelated alignment v ithin the eastern metamorphic belts The Kings Mountain belt ¢ not considered a
fault. hs association and abgnment in relation 10 the thiee known faults mentioned and the location of
carthquake epicenters within the ares bounded by these features lead 10 the conclusion that these features
f# 1 an imerrclated ahgnment

There is no surface indication that any of these three faults have been acuve since the Trassic Penod (200
million years)

Two fault locations in the regon have been thoroughly investigated by bonngs  These are the Cartersville
fault near the Allatoona Dam. and the Oconee-Conasauga fault in Geora. These faults were found to

be completely healed and not 10 have moved in many milions of years

The Trassic basins of the Carolinas and further north may be due to the release of the compressional
forces which formed the Appalachians These basins are down-faulted grabens which are filled with
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Estimated

(MM intensity Magnitude

Zone Laocation at Lpicenter (Richter)
Brevard Fault Zone 11 Miles NW vl less thar 4. ‘0 §
Overthrust 75 Miles 'W\W Vil Less thaa S5 w0 6
Towaliga. Goat Rock 30 Miles SI VIV less than $'4 10 6

Gold Hill. Kings
Mountain Alignment

2525 Seismic Wave Transmission Characteristics of the Site

Static and dynamic engineering properties of the soil and rock matenals that underhe the general plas e
ana are discussed 1 Section 254 “Swability of Subsurface Matenals and Foundations” on page 2-0 7 of
Reference § on page 2-87. Design response spectra that mclude considerations of the thickness o.d
distribution of these matenals are discussed tn Section 2 52 8, “Design Response Spectra” on page 2-219
of Reference 5 on page 2-87

2526 Maximum Mypothetical Earthquake (MHE)

The MHI acceleration 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

2.5.2.7 Design Base Earthquake

It is conmdered Likely that the shocks listed in Section 2524 “Mawmum barthquake Potental” on
page 249 could eccur no cleser than the indicated distances from the site dunng the life of the planned
facilities.  Since the magnitudes of these shocks are farly small the distance from the epicenter becomes
extremely mmponart.  Ground accelerations would dimunish rapdly with the distance from the epicenter
Although larger earthquakes occur within other fault zones, the highest ground accelerations at the site
would be experienced fronn an earthquake along the Brevurd fault zone The assumption of a shock of less
than Richter Magnitude five occurning along the Brevard fault zone at its closest jocation to the site (1]
miles). would gve gound motions on the order of five percent of gravity at the site. Vertical ground
accelerations, as contrasted to the honzomal accelerations. would be only shightly less than five percent of
the gravity n the comopetent rock at the site

2528 Desif Response Spectra
The Oconee FSAR provides that the maximum ground acceleration for structures founded on over
burden (MHE) 15 15 (Reference § on page 2-87, Section 252 "Vibratory Ground Mouon” on

page 2:214 and Figure 2-8) on page 2-244) The accelerations considered and used for the design of the
NUHOMS: 24P sy stem envelope the MHE acceleration (Reference 6 on page 2-87)

2.5.3 SURFACE AULTING

This information is discussed in Sections 2.5 1. “Basic Geologic and Seismic Information” on page 2-43
and 2.5.2. "Vibratory Ground Motion" on page 2-46

254 SUBSURFACE MATERIALS
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2541 Exploration

A gnd pattern of bonngs was established 10 provide the maximum amount of g/ srmation for determining
the foundatiun and soil condition s and peraut fexibalty o fina! 1SFS! layout. alignment. and elevation

The general site area i shown on Fagure 2-11 on page 2-60 and the site and bonng layout s shown on
the Boring Plan. Figure 2-12 on page 2-6]

The drilling. sarmpling. and rock conng were performed in acec idance with methods specified by the
Amencan Soorty for Testing and Mutenals

Penstration 1 - aing and Splt Barrel Sampling of Soils” - - Sk6-647
“Diamond Core Drilling for Site Investigstion” « D23 1621
“Thin Wallad Tube Sampling of Soils” « I 1 5¢7.41]

Boning logs are gyven in Figure 2-13 on page 2462 throug. Figure 2-26 on page 255
2542 Groundwater Conditians

Section 247, “Subsurface Noadrolop on page 231 provides & discussion of the existing groundwater
condition: &t the Ouonee site

It is anticipated - a the removal of the ovesburden due 10 1SFS] construction wil nave bittle. if any. effect

1 the water veble I the water table elevation does change. 1t is anticipy °d that ot will drop shightly. The

sent elev mion of the water tabic &t the 1SES] site vanes from elevation 797 feer &t the south end 10
ation 822 feer @ the north end

b, drostatic uplift will not oceur dunng the life of the ISEST because the foundation of the HSMs and
associated pavement is @t or above the water tuble. There may be some seepage through the out into the
hillssde however adequate dramnage 1 provided around the ISFS) site 10 carmy away seepage

41 the south end of the ISEST site the elevation of the water table 15 far below the foundation of the
MSM:s At the nonth end the foundstion of the HSMs will be near the water table elevation  However,
the HSM structure @ the omh end of the ISEST site is partialls founded on rock  Thersfore, there will
be no reduction of shear resistance due 1o potential seepage aloty tic beddang

- 65 (SFSI FOUNDATION

A specific soil testing (results and locations presented in Sectior. 254 “Subsurface Matenials” on
pige 2-80) and foundation vwaluation hes been performed at the ISFS] site 10 assist in the development
of the insity stavic soil beanng pressure. Fourteen (14) soil bonngs were taken in and around the 15481
wte. The locaton of these bonngs 18 shown i Figure 2412 on page 261 A Line of boning was taken
along the length of the future foundation of the HSMs  From these bonngs several undisturbed samples
were taken  Several tests including the tnasial shear test. were performed on selected undisturbed
samples  The results from the tnaxial shear test provided esseniial information used 10 determine the
ultimate and allowaole beanng capacity . (The tnexial shear tests were performed in accordance with the
Corps of Engineers Manual [ M10:2-1906, Appendix 10)

After inspection of the boring logs. soil samples. and tests, the worst case soil data were selected and used

in the Meverhoff bean.; capacrty equadon to determune the ultimate soil beanng capacity, which i
approximatels 12.0 kips square foor.  To obtan the allowabie static soil beanng capacity, a factor of
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safety of 30 was applied 10 the wltimate capacity. which vinlds the allowable beanng pressure of 4.0
kips squarte foor (Reference ¥ on page 287)

The largest apphied statis beanng pressure was caloulated by first determining the dead weight of the HSM
with a fully lnaded DSC and then dividing by the area of the foundation  Thus maxunmum applied static
beaning precsure wis computed 10 be 31 kaps square foot, which is less than the aliowsbic soil beanng
pressure of 4 0 kips square foot

As shown by the bonng logs. the HSM foundation will 10 » large degree rest entirely on either firm soil or
partially weathered rock with penetravion blow counts rangang from n = 12 10 refusal A conservative
analysis was perfoomed 10 determune the worst-case settlement of an HSM array. Both « 243 array and a
200 HSM wrrey were considered  Thos anadysis indicates that the worst-case differential settlement will
cause the 2000 HSM ames 1o eaxpenence a differential settlement of about 30 inches along the
NorthSouth axis  Iifferentia) settlement i the Last-Weet direction will be neglgible

These settlements are accounted for in the foundation design The foundation was analyzed as a finite
module using the computer code McAwo STRUDIL (Reference 7 on page 2-87)

This computer code models settlements by the use of caleulated soil sprngs which provide consideration
for tue settlemerts  Considering the small magnitode of tha settlement. the imegnty and radiolopcal
shoelding of the HSM will not be adversely atpacted  The foundation structure conssts of & 3
reudorced concrete mat  Typica! 1 ! reidorcement s shown in Pigure 819 of Reference 6 on

page 287

The kmiting caleulated meximum stresses and allowab’c stresses for loadings as defined by Reference 6 on
page 8% envelope the site foundation stresses for the Ocones ISES] site.  These forees are for the
acadent condivion assuming blocked vents and bound all other loading combirations

256 LIQUEFACTION

Fotential hquetaction of soils under the Oconee 18FST foundation area 1» not @ concem because all of the
foundation matenals are non-bguefiable  The three foot thick concrete mat bears entirely on either firm
soll or parislhy weathered rock having Mandard Penetration Test blowcounts rangng from N = 1210
refusal  Figure 211 on pag. 260 shows the longitudinal profile of the 18181 joundation level in relation
10 both the ongnal ground and 10 partially weathered rock . based on site bonngs

257 SLOPE STABILITY

The ISFSI site includes cut slopes Wong both sides of the ISTSI site aceess road. and along the west,
norh, &nd nontheastern sides of the ISFS] site as shown i Figure 2411 on page 2460 Fill slopes are
located along the southeastern and south mdes of the ISFSI site  The mammum vertical cut 1
approximately fift: foet and the maximum verical fill is approxmately ten feet The maximum 1SFS)
slope 18 two honzontally 10 one verticalls

The stability of slopes associated with the ISFS] site wore modeled by & program that utilizes the circular
arc analyss method of shees  The program postulates a fadure arc through the soil embankment of
foundation. computes the soil mass dnving moment and the soil mass reusting moments associated with
the postulated fai'ure arc. and en determanes the recultng safety factor by drading the 101al resising
moment by the 101al dnving moment. The computer program allows the compu.: on of & large number
of safets factors associatr! with many postulared failure arcs (Reference 8 on page 287
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The slope stability analyses were performed using the masumum ISES] site slope of two honzontal 10 one
vertical  Actual wte soil engneenng parameters. based on laboratory testing of sol samples, were
determuned (Reference the ste bonng records presented an Fygure 213 on puge 2:62 through
Figure 226 on page 2-85) The Sewmuc Design loput Critens specified i Section 3231, “lnput
Crena ' on page 310 were used as input in determuning the sersmic behavior of the ISEST site slopes

The wunimum safety factors calcalated for any postulated fallure arc of the vertical cut and fill slopes of
the ISFS wte are o follows

Minimum
( wevlated
Slope Loading C ondition Safety | actor
85 feer verical out slope. stati |62
§5 feet vertical oot slope. dvnamic .42
10 feer vertcal fill dope. @atic o (i
1 feer verticad Gl ddope, dyveam 2.04

Iherefore the sabilits of the ISFST site slopes 18 ensured since the munumum safety facrior 18 greater than
|4 for all slopes for all analy zed conditions
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3.1 PURPOSE OF THE OCONEE ISFSI

The purpose of the Oconee ISFSI is 10 insure the uninterrupted operation of the three unit Oconee
Nuclear Station by providing additional long-term spent fuel storage capacity. The existing storage system
consisting of two separate wet spent fael pools 1s rapidly approaching a maxunum operating inventory .
The ISFS] utiizes the NUHOMS- 24P Systern. NUHOMS-24P 1s compnised of a senes of reinforced
concrete HSMs which will each house a stunless steel, hebum filled DSC comtamng 24 qualified spent
fuel assembhbes The DSC 1op end shueld plug and separate cover plate are both independenily seal welded
10 provide total confinement of the urachated fuel A shielded transfer cask 15 used 10 transfer the DSC 1o
the HSM from the spemt fuel pool Dunng storage. the HSM provides radianon shuelding and passive
decay heat removal from the DSC

3.1.1 MATVERIAL TO BE STORED

Each DSC s capable of storing 24 PWR assemblies The following subsections will address the physical
reactivity , thermal and radiological characiensues of spent fuel 10 be stored i the DAC

3.1.1.1 Physical Characteristics

The physical charactenstics of the reference 15 x 18 fuel we hsted i Table 31 on page 36 Addiional
wformation may be tound 1 the Oconee FSAR . Section 4.0

3.1.1.2 Reactivity Characteristics

The reactivity of the spent fuel assemblies must be hmnted for cnucality control purposes. Reactivity 1s a
function of both the mtal ennchment and the discharge bumup, A reactivity equivalence curve which
shows the acceptable combinations of wunal ennchment and discharge burnup 1 gven in Figure 10-1 on
page 10-10. For enticality control. the spent fuel assembhes must fall into the acceptable range above the
mitig! ennchment burnup curve n order to qualifv for storage in the DSC. Despite the multiple
venfication steps and extensive admimistratne controls used 10 assu ¢ selection of qualfied irradiated fuel
assembl.es, enticabty control for & musloaded array of umrradiated fuel s maimained by assunng that the
DSC s filled with borated water (2 1510 ppm boron) and submerged in a borated water spent fuel pool
{2 1810 ppm boron; dunng loading and unloading operations

In the event that unqualified IFAs or unirradiated assemblies ar- erroneously placed in the DSC, the
double contingency pnnciple is applied such that the negative reactivity worth of the (approximately 2000
ppm) soluble boron i the spent fuel pool water (from which the DSC cavity will be filled intially) is
more than sufficient to mauman k-eff well below (193 Analyss shows that the soluble boron prowvides
sufficient margin 10 mamtamn K-eff helow 0.95 (098 under optimum moderator conditions) for 24 new,
4.0 w1 Yo ennched fuel assembhes loaded o the DSC

3.1.1.3 Thermal Characteristics

The heat generation is lmited 10 066 kw per fuel assembly. This value is based on storage of 24
assemblics per DSC with a nomunal burnup of 40,000 MWD MTLU. an wutial ennchment of 4.0 w1 %
1 -235 and a normnal decay period of ten years Other combinations of bumup. iutial ennchment and
cooling times may also be acceptable upon further analysis demonstraung acceptable decay heat levels

REN: (30 JUNE 1991 33
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3.1.1.4 Radiological Characteristics

3.1.2 GENERAL OPERATING FUNCTIONS

3.1.2.1 Overall Functions of the Facility

3.1.2.2 Handling and Transfer Equipment
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systems, overhead crancs, yoke and voke extension, fuel handling bndge and mast, auxibary hoists, water,
power and gas supphes, and clearance restnctions

The additonal equipment required to support the operation of the NUHOMS:- 24P system includes the
DSC. the transfer cask, the trander trailer with hydraulic abgnment mechamsms, the hydraulic ram
assembly, the HSM and vanous miscellaneous tools, hds, gauges, hoses. Other equipment necessary 10
operate the system include a tractor to be used for moving the transfer trailer 1o and from the ISFSI, and
a mobile vard crane for rasing and lowening the HSM fromt access door. This equipment is further
described as follows

L

DSC « The DSC serves as the actual confinement vessel for the 24 fue! assembles dunng both the
storage mode and transfer operations  Seal welds on the 10p end shaeld plug and cover plate proviae
multiple containment of all radicactive products within or on the surface of the spent fuel assemblies
The top and bottom shield plugs also provide for biological shielding dunng DSC welding. drying.
and backfilling operations. transpont of the fuel assembles, and dunng all operations performed at the
front end of the HSM

Transier Cask - The transfer cask provides for dry transfer of the DSC from the Oconee fuel storage
pool to the storage facility The transfer cask utiluzes a lead gamma shield and a sohd neutron shield
to maintain scceptable surtace dose levels dunng transfer operations. A removable access plate at the
bottom of the cask provides access 1o the DSC by the hvdraulic ram dunng transfer of the DSC mto
or out of the HSM. The cask has a bolt on closure hid 10 keep the DSC s place dunng cask
movement. Lift trunnions are provided at the 10p end of the transfer cask 10 interface with a uft beam
which will in tum mterface with tae spent fuel pool overhead crane These top hft trunnions together
with bottom trunmons provide cask support on the traler dunng transfer operations

] ransfer r - The transfer trailer allows for movement of the entire DSC transier cask assembly
10 the ISFSL 1t 1s designed with a posiioning mechamsm that moves the cask in the honzontal and
vertical directions to ensure abgnment with the HSM. Final abgnment accuracy 1s venfied by an
optical ahgnment system

Hydraubc Ram - The hydraulic ram assembly is stored and transported on a separate trater but is
mounted on the ground dunng movement of the DSC into the HSM. The ram is abgned with the
bottom access ponal of the horzontally positioned cask and engaged 1o slowly push the DEC from
the cask 1o the HSM. A grappling nng on the bottom of the DSC and grappling arms on the
hvdraulic ram allow for eventual retneval of the DSC using the same op:rations in reverse.

Horizontal Storage Module (HSM) - The HSM provides protection ‘or the DSC dunng the storage
mode and provides suffics  biological shielding from the stored spent Tuel Passive decay heat
removal results from air entering shielded ar duets near the bottom of \hie structure, passing up snd
around the DS and picking up heat before being exhausted through shielded vents at the top of the
HSM. The HSM design includes a front access fitted with a carbun steel door and the couphng
svstemn for mating with ihe transfer cask. The HSM s fitted with a set of rails which serve as a beanng
surface for movement of the DSC into and cut of the module and as the pnmary suppo < structure
for the DSC dunng storage

A more detaled description of these pamary NUHOMS tompenents, including design catena, 16
provided in Chapter 4. “Storage System” ou page 4|
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Table 31 Physical Characteristics of PWR Fuel Assemblies Based on Nominal Design

Array 15x 1§
Maximum Assembly Length (including radiation growth and contro! 173
component) (in.)

Weight (Ib.) 1,682
Number of Fuel Rods 208
Number of Guide Tube. 16
Number of Instrument Tubes !

Fuel Rod Length (in) 153,69
Active Fuel Length (in.) 141 8-144.0
Maximur  Distance between Gnd Straps (in ) 4 [ £ P ol

Note:  “'Grid straps are placed on itervals of 21 332 # 116 inch. Thus the maximum interval is 21
7,32 inch. These 1olerances do not accumulate.  The spacers in the DSC are two inches wide and the fuel
gnid straps are | 12 inch wide (hugher for later zircaloy gnd fuel) Theretore, {uel assembly support will be
provided at the gnd straps by the DSC spacer discs through the entire tolerance range of 20.97 inches (20
31/32) « 21.22 inches «21 7.32) The nominal value of 21.12 used i Revision | of the NUHOMS- 24P
Topical Report (Table 3.1-2) falls within this range
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3.2 DESIGN CRITERIA FOR ENVIRONMENTAL CONDITIONS AND
NATURAL PHENOMENA

The Oconee ISIFSI s designed to perform 1ts intended safety funcuion under normal and extreme
environmental conditions. In general, the structural and mechanical safety critena of the ISFS] are the
same as or enveloped by the cnitena specified in the NUHOMS-24P Topical Report

Details of the HSM hghtnung protection are contained in Section 8 2, "Acadents” on page %5 Oconee
foundation conditions are descnibed in Section 2.5, “Geology and Seismology” on page 2-43

3.21 TORNADO AND WIND LOADINGS

3.21.1 Applicable Design Parameters

The ISFS] was constructed within the existing boundanes of the Oconee Nuclear Station. As stated i
Section 3.2.1 (Tomado and Wind Loadings) of Reference | on page 3-23, the most severe tornado and
wind loadings spectfied by NRC Regulator Guide 1.76 and NURLEG-0800, Section 3.5.1 4, were selected
for design consideration. Therefore, both the HSM and the transfer cask are designed in accordance with
NRC Regulatory Guide 1.76 and NUREG-0800. Section 3.5.14

As stated in Section 3.2.1.1 of Reference | on page 3-23, “... the maxumum wind speed 1 360 miles per
hour, the rotational speed is 290 miles per hour. the maximum translational speed 1s 70 miles per hour

the radius of the maximum rotational speed 1s 150 feet, the pressure drop across  ae tornado 158 3.0 psi
and the rate of pressure drop 15 2.0 psi per second.’

3.21.2 Determination of Forces on Structures
The tomado loading combination used for design of the HSM 1

v 010D 4 1014+ 1.0T,+ 1.OW, %+ 1.OP)

Where §

required vield strength of the structure

¢ = concrete capacit, reduction factor
0 = .90 for conerete flexure
0= (1.85 for shear i concrete
= .90 for axial tension in congrete
0= (.70 for tied compression members
0= 0.90 for fabncated structural steel
I, = normal operating tempeiature
1L = live loads on structure
D = dead loads of structures and equipment
W, = stress induced by design tornado wind velocity (drag, hft, and torsion)
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P = Stress due 1o differential pressure

Shape factors will be applied in accordance with ANSI A 581 - 1982
3.21.3 Tornado Generated Missiles

As described in Section 1.2.1.2 of Reference | on page 1-23, the determunation of impact forces created by
Design Basis Tomado (DBT) generated missiles for the HSM was based on the critena provided by
NUREG-0800, Section 3.5.1.4, 1114 Accordingly, three types of missiles were postulated  The velocity of
the missiles was conservatively assamed to be 35 per cent of the combined translational and rotationsl
velocity for the DBT or (0.35)(360), which is 126 miles per hour. For the massive high kinetic energy
deformable missile specified in NURFG-0800, a 3,967 pound automobile with a 20 square foot frontal
arca impacting at normal incidence was assumed. For the ngid penetration-resistant missile specified, a
276 pound, eight-inch diameter blunt-nosed armor piercing antillery shell, impacting a1 normal inadence
was assumed. For the protective barrier unpingement mussile specified, a one-inch dameter solid steel
sphere was assumed

The possibility of a tornado damaging a cask DSC in transit 10 the HSM is a low probability event. The
probability of a tomado cecumng at the Oconee site and generating a mussile that impacts the cask is less
than 1x107 per transfer trip. This is based on site-spectfic tomado frequencies derived from 35 years of
National Severe Storm Forecasting Center data and assumes a conservative exposure ume to DBT effects
of 24 hours. However, the transfer cask has been evaluated for the tormado wind speed and mussiles
specified for the HSM. The maximum DBT tornado wind speed of 360 mph produces a design pressure
of 304 psf The 3,967 pound automobile and 27¢ pound eight inch diameter shell missiles are also
considered. The one inch diameter sphencal mussile effects are enveloped by the eight inch shell mo: e

3.2.1.4 Ability of Structures to Perform

Tine ISFSI is designed to withstand the design basis tomado wind loads. All components of the 1SFSI
with the exception of the air outlet shiclding blocks of the HSM are designed to withstand the tomado
generated missile forces as described in Section 8.2.2 of Reference | on page 3-2% The loss of the air
outlet shielding blocks is discussed in Section 8 of the NUHOMS-24P Topical Report.  The HEM s
anchored to the foundation slab to mitigate overturning and shding effects using dowel rods of a size and
spacing consistent with the HSM wall vertical remforcement

The possibility of total air wnlet and outlet blockage by foreign objects or burial under debns dunng a
tornado event is considered. The effect of facility bunal under debris is presented in Section K2 of
Reference | on page 3-23.

The transfer cask analysis for tomado wind speed and missile effects was performed for the cask secured in
the horizontal position on the suppont skid and transfer traile ¢ followmng cntenia were used to
evaluate the adequacy of the transfer cask for the loads described in Section 3.2.1.3, “Tornado Generated
”‘ Al SA"

1. Stability

2. Penetration Resistance

3. Stresses
The main components of the transfer cask considered in this analysis were the structural shell, and the top

and bottom cover plates. Since the primary purpose of the solid neutron shield is biologica! shielding and
since it is located on the cask exterior, it was conservatively assumed that the neutron shieid wall be
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. ruptured by a DBT missile strike and therefore was not considered in the structural analysis. A bnef
description of the analysis follows.

1.

s

Where: 1

Where: Kl

§1abi e
A stability analysis for the transfer cask mounted on the skid trailer assernbly was performed for the
wind pressure loads and the massive mussile impact

For the wind pressure loads, the overtumning moment was compared to the stabilizing moment ¢
determine the factor of safety against overturning. A factor of safety of 3.1 was ¢i'culated

For the massive missile impact . it was conservatively assumed that the mussile impacts (he Uppermaos:
pant of the cask The angle of rotation (f) of the cask skid trailer arrangement at incpact was
calculated as 3.0 dogrees assuming a ngd pavement. This calculation was based on the conservation
of angular momenturn, and also compared 10 the angle () necessary for the cask skid trailer 1o tip
over. Tip-over occurs when the center of gravity of the cask is directly ahove the point of rotation
This was caleulated as 327 degrees. Since # < 6, tip-over does not occur and the stability of the
cask skid trailer arrangement s maintaned

Penctration Analysis
Penetration due 1¢ 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

caloulation 10 give a more conservative resul' The first approach. suggested by Nelms (Reference 4 on
page 3-21) is for a lead-backed shell

0.7
T= [ _...'.‘.l__.l.: ] = (.50 inches
245D

Minimum required steel plate or shell thickness 1o resist penetration
Ki
m = Mass of missile = 276 ¢

=  0.7141b sec‘n

Kinetic energy = 1 2 m\V*

v = Veloaty of mssile
= 2218 . /sec
S, = Ulumate strength of cask structural shell = 70,000 psi

Y = Diameter of missile = K.0 inches

The second formula used was developed by the Ballistic Research lLaboratory (Reference § on
page 3-21)
serald
T Kl

673D = (). 52inches

]

Kingtic energy = 1 2mV*
Mass of missile
= 857 sect/ft

K

m

V =  Veloaty of mussie
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= |R4K A1 sec.
D =  Diameter of missile = 8.0 inches

Both methods produce a consmstemt result which shows a predicted penetration of 0.5 inches
compared 10 the minimum structural shell thickness of 1.5 inches. Therefore the DBT missile will not
penetrate the cask and the DSC will reman intact,

3. Stress Analysis

Conservative hand calculations were performed 10 determine the peak stresses in the cask shell, and
the 1op and bottom cover plates due 10 DBT loads. A summary of the stress results 1s provided in the
attached Table 3.2 on page 3-12. The analytical method for each of the load cases shown in this
table is briefly described below.

a Wind Pressure Loads: A uniform line load of 2.18 Kipsfi. was applied to the full length of the
cask. The correlanon of Roark and Young (Reference 6 on page 3-23) Table 31, Case 9 was
conservatively used 10 calculate membrane and bending stresses. The analyses of the three inch
top and two inch bottom cover plates were performed using Case 10, Table 24 of Roark and
Young The top cover plate was assumed pinned @ the edges while fixed edge supports were
assumed for the bottom cover plate.

b. Massive Missile lmpact: Based on the conservation of angular momentum, the total force on
umpact was caloulated 10 be 257 kips.  Thus force was apphed as a hne load to the cash shell and
as @ pressure load to the top and bottom cover plates. The analysis method followed that
described apove for the wind pressure loads

¢. Penetration Resistance Missile: The impact force due 10 the eight inch diameter, 276 pound
missile was calculated from the conservation of momentum as 63.4 kips, Case %a, Table 31 of
Reference 6 on page 3-23 was used 10 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 caloulate 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 15 119 fi. higher than the calculated maximum
flood water slevation a1 Oconee due 10 a pustulated breach of the upstream Jocassee Dam (See Section
2451, "Flood Protection Measures for Oconee Station Seismic Class | Structures” on page 2-31).

3.23 SEISMIC DESIGN
3.2.31 Input Criteria

The maximum horizontal and vertical ground acceleration (Maxitnum Hypothetical Earthquake - MHE)
specified for the Oconee site is .15g (Reference 3 on page 3-23, Section 2.5.28, "Design Response
Specira’” on page 2-2'9). The Oconee site accelerations are less than the analyzed values of .17 vertical
and .25g horizontal used for NUHOMS components (Reference | on page 3-23) and thus are enveloped
by the generic NUHOMS analysis

The Oconee HSMs were designed using the seismic onteria from Reference | on page 3-23. As stated in
section 3.2.3 of Reference | on page 3-23, “The maximum horizontal ground acceleration component
sclected for design of the NUHOMS-24P was 0.25g. The maximum vertical acceleration component
selected was two-thirds of the horizontal component which is 0.17g. In order 1o estatlish the amplification
factor associated with the genenic design basis response spectra, various frequency analyses were performed
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for the different NUHOMS-24P components and structures.  The results of these analyses indicated that
the dominant lateral frequency for the reinforced concrete 1ISM was 25 Hertz. The corresponding
honizontal seismic accelerat.on used for design of the HSM was 0.32g Conservatively assuming that the
dominant HSM vertical frequency is also 25 Hz. produces & vertical seismic design acceleration of 0.22g."

The effects of a seismic event occurring during the transport of a loaded DSC resting inside ihe
NUHOMS- 24P transfer cask and secured 1o the transport skid trailer was postulated This load case is
conservatively enveloped by the postulated normal transpont load accelerations of +0.5g acting in the
vertical, axial, and transverse directions, applied simultancously at the center of gravity of the transfer cask,
as specified in Section & of Reference | on page 3-23. These acceleiutions envelope those which would
result from a seismic event in the highly unlikely event that a design basis earthquake would oceur dunng
transport of the loaded DSC 10 or from the HSM

3.2.3.2 Seismic System Analysis

The stresses in the Oconee HSM and the DSC due to the .15 honzomal and vertical motion for the
MHE are enveloped b, the results of the generic seismic analysis reported in the NUHOMS-24P Topical
Report (Reference 1 on page 3-2%). The maximum HSM reinforced concrete bending moments and
shear forces in Table 8.2-3 of Reference | on page 3-23 envelope the seismic loads at Oconee

The foundation of the HSM is also designed to withstand the forces gencraicd by the MHE (See Section
2.5 5, “ISFS! Foundation"” on page 2-51)

3.24 SNOW AND ICE LOADS

The NUHOMS-24P Topical Report specified a postulated live load of 200 poundsft® which
conservatively envelopes the maximum snow and ice loads for the Oconee site

3.25 COMRINED LOAD CRITERIA

load combination critenia established in the NUHOMS-24F Topical Report for the HSM, DSC and
DSC support assembly meet or envelop the load combinations required by the Oconee FSAR Section
3K, “Design of Class | Structures” on page 3-99 (Reference 3 on page 3-23)

The HSM analyses summarized in Reference | on page 3-23 considered combmnations of HSMs ranging
from a single stand-alone module up to the maximum array size of 2x10. The finite element models used
in the analyses are applicable to both side-by-side or back-10-back arrangements. Different DSC loading
patterns were analyzed for each size of array 10 establish the worst case design loadings

The analyses showed that the single HEM provides the governing case for load combinations contamning
vornado wind and missile loads. seistmic loads and flooding conditions. The postulated fallure mode for
each of these cases 1s sliding or overturning of the HSM unit. The analvses also showed that the thermal
loads for a 2x10 array control the reinforcement requirements for the walls, roof and foundation members
for all intermediate array sizes

Therefore. Reference | on page 3-23 presents a design configuration which envelopes the loads from a
single HSM 1o a 2x10 array

3



3.2 Dsgn. Crit. for Lavir. Cond. and Natural Phenomena Oconee 1SFS] Safety Analysis Report

3.26 TABLES

Table 3-2. Transfer Cash Stress Analysis for Tornado Effects

Calculated Stresses (ksi)

Top Bottom
Load Load Stress Cash Cover Cover Allowable'!
Case Description Category Shell Plate Plate Stress (ksi)
1 Wind Pressure Primary Membrane 09 00 0.0 490
l.oads
Memhrane + 29 04 03 70.0
Bending
2 Massive Misaile Primary Membrane 64 0.0 0.0 490
Membrane + 205 197 17.5 70.0
Bending
3 Penetration Primary Memhrane 49 on 0.0 450
Resistance Missile
Membrane + 0.3 13.2 222 0.0
Bending
4 Protective Barries Primary Membrane Bounded by Case (3) Above 4v.0
Nissile
Membrane + 750
Bending
Notes - )LD S el i . Lo et

"J
-
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3.3 SAFETY PROTECTION SYSTEM

3.31 GENERAL

332 PROTECTION BY MULTIPLE CONFINEMENT BARRIERS AND
SYSTEMS

‘ 3.3.2.1 Confinement Barriers and Systems
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Should the DSC surface become contaminated, clean demineralized water will be flushed through the
DSC Aranster cask annulus untl surface smears show that the contamination levels meet Technical
Specification limits

Transfer cask external contamination will also be controlled 10 minimize personne! radiation exposure and
potential off-site radiological releases during cask handling operations outside the spent fuel pool. 49CFR
173.443(d), which govemns contamination levels for off-site shipment in a closed, exclusive use vehicle, will
be used as a gudeline for establishing cask release limits

Containment of radgioactive material associated with 1FAs is provided by fuel cladding. the stwnless steel
DSC body, and double seal welded primary and secondary closures. These multiple confinement barriers
assure that any #=cidental radioactive releases from stored 1FAs 10 the environment will be ALARA

2.3.2.2 Ventilation - Offgas

The ISFS] design limits the temperature history of stored fuel rods. such that no fuel damage will occur
under design basis conditions. Decay heat dissipation is discussed in Section 1.2.3.2. “Decay Heat
Dissipation” on page 1-6 of this SAR. ISFS] response to abnormal cooling conditions (1.e. convective air
flow blockage conditions) is provided in Chapter 8, “Accident Analyses” on page 8-1 of this SAR. There
are no radioactive effluent relzases dunng normal operations.  Additiorially. there are no crediblc acaidents
which cause releases of radioactive effluent from the DSC. Therefore, there are no offgas system or
rachological effluent release monitoring requirements for the ISFSI

The only offgas concern results from the DSC transfer cask purge and drying operations. During this
operation, th gases purged from the DSC transfer cask internals are directed to the spent fuel storage
facility HVAC system upstream of the Engineered Safety Feature (ESF) HEPA, and carbon filter units
The purged air and hebium are ulumately released from the staton unit vont.  Potential radiological
effluent releases are monitored by both spent fuel storage facility HVAC and unit vent monitors prior to
release. This is the same method and .ystem currently utihized for spent fuel shipping cask operations.

3.3.3 PROTECTION BY EQUIPMENT AND INSTRUMENTATION SELECTION
3.3.3.1 Equipment

The transfer cask and DSC are the only equipment considered safety related dunng normal and
off-normas cptraiions.  The HSM is not safsty related  However, the functions of the HSM are
considered important 1o the safe operation of the ISFSI and therefore the HSM is designed, constructed,
and tested in accordance with the Duke QA-2 Quality Assurance Program. The design cntena for all
equipment compnsing the ISFSI that is classified to be important to safety arc summarized in Sectk 14,
“Summary of Storage System Design Critena” on page 3-21 of this SAR. Design code standards for
ISFSI components are summarnized in Table 3-5 on page 320,

The design criteria for the NUHOMS reinforced concrete HSM including 1ts foundation and DST support
structure. the DSC and its imternal basket assembly, and the transfer cask are provided in Secuion 3.2,
“Design Criteria for Environmental Conditions and Natural Phenomena” on page 3-7 and summarized in
Tables 3.2-1 through 3.2-9 of Reference | 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 1o 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 i4.6-1986 critena for
nonredundant vokes
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The vacuum drving system described in Section 473 of Reference | on page 3-23 is not safety related
Failure of any part of this system can only result in a delay of operations, and not in a hazardous
situgtion 10 the public or operating personnel. The welding matenals required 1o make the closure welds
on the DSC 10p end shield plug and top cover plate are purchased 10 the same ASME Code criteria as
the DSC (Section NB Class 2). The actua! 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 NUHOMS system. including the transfer cask skad, skid positioning system, and hydraulic ram system
are required to perform their function to successfully transfer a DSC 1o and from the HSM. These systems
are described in Reference | on page 3-23 with the design requirements further delincated in Chapter 4,
“Storage Svstem” on page 4-1 of this SAR. However, 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 compopents are not co sidered 1o be important to safety and are therefore
designed, constructed, and tested in accordance wit! accepted industry standards

In addition, the transfer cask, HSM, and DSC have been designed 1o meet very conservative design
criteria including postulated conditions which envelop those which may re-ult irom the mechamistic failure
of the transfer system equipment Design conditions such as cask drop acaident und jammed DSC have
been included even though there is no piausible way for these worst case events to occur. Conservative
bounding analysis for these conditions have been performed using mimimum matenal vield strengths,
strength reduction factors, and factors of safety in accordance with the stnngent requirements of the
ASME and ACI Codes Fven when applving this conservative enteria considerable design margn for
these components and structures remains as evidenced by the analysis results compansons with acceptance
critenia contained in Reference | on page 3-23 lurther. these components and structures are fabnicated
and constructed to the rigorous standards and methods of the ASME and ACI Codes under a 10CFR 50
Appendix B Quality Assurance Program. These include matenal qualification, welding and nondestructive
examination. and strict surveillance and quality control nspection. The resulting high integrity of the
Transier Cask, DSC, and HSM provide more than adequate assurance that the health and safety of the
public and plant personnel are protacted

3.3.3.2 Instrumentation

The Oconee ISFSI is designed to maintain a safe and secure, long-term containment and storage
environment for JFAs using only totally passve components Therefore, no  safety  related
instrumentation is requirad for operation of the facihity

3.3.4 NUCLEAR CRITICALITY SAFETY
3.3.41 Control Methods for Prevention of Criticality

A combination of DSC fue! basket design and station admumstrative procedures assure suberiticai
conditions exist a¢ all times. DSC fuel basket material properties and geometry are established to assure
subcriticality assuming a full loading of IFAs with a specified minimum burnup that encompasses the
majority of the available spent fuel nventory at Oconee. Oconee admunistrative procedures assure that
only qualified 1FAs are loaded for storage in a DSC and that a minimum soluble boron concentration of
810 ppm is maintaned within the DSC basket cavity during underwater loading unloading operations
IFA qualification for storage in a DSC is determined based on initial enrichment, burnup history and
post-irradiation cooling time as governed by Oconee 1SFSI Technical Specifications

IFA qualification requirements are provided in Section 10.2.5. “Admimstrative Controls” on page 10-6 on
Administrative Controls. Using special nuclear materials control and accountability (SNMCA) records
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and the bumup results from the Oconee Operator Aided Computer, the specific data needed 10
characterize any given spemt fuel assembly can be gathered This includes the initial ennchmernt, discharge
burnup, cladding defects (i any). current storage location, and cumulative cooling tume since reactor
discharge  After venfving that all the spent fuel specifications of Reference 2 on page 10-11 are met,
documentation of individaal fuel qualifications will be transmitted 1o fuel nandhing personnel. Oconee
administrative  procedur:s will require receipt of this qualificaion documentation, #nd independent
verification of fuel assembly identification numbers prior 10 loading a given assembly into the DSC. In
addition. all assembly senal numbers will be checked following the complete loading of 24 assemblies into
the DSC

The Oconee ISFSI Technical Specfications which govern 1I'A qualification for storage are given in
Reference 2 on page 10-11. The admimstrative procedures outhned above will be used 1o ensure that the
requirements for fuel qualihcation are met

IFA qualficatior: critenia do not include a specification on axal burnup distribution. The axial burnup
profile used 1 analyzing the nonuniform axial bumup reactivity effects on fully loaded DSC spent fuel
storage arruvs is considered worst-case based on a comprehensive review of axial bumup profiles generated
by the EPRIENODE computer program (reference Section 3343 of Reference | on page 3-23)
Although some individual 1FAs may not be enveloped by the worst-case axial burnup profile considered,
the conservative treatment of nonuniform axial bumup in the Reference | on page 3-23 analysis and the
averaging effects of loading up 1o 24 qualified 1F' 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 | on
page 3-23

Criticality analyses applicable 10 Oconee have been performed which demonstrate that suberiticality is
maintained within appropniate safety margins under the worst conditions. Worst-case conditions analyzed
include fuel misload events and optimsum moderation effects on reactivity. A bounding off-norma case of
24 musloaded unirradiat.d new fuel assemblies with & 4% U235 initial ennchment combined with the
reactivity effects of optimum moderation has been analveed. A mummum fuel pool water boron
concentration of 1810 ppm 1s assumed in the off-normal case calculations. Cnticality analysis details are
provided in Section 3.3 4 of Reference | 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 Amencan
National Standard Design Requirements for Light Water Reactor Spent Fuel Storage Facilities at Nuclear
Power Plants, ANS]I ANS-572-1983 ANSI ANS-57.2-1983 requires a demonstrated margin  of
subcriticality of 2005 AK under all credible conditions except under certain extreme off-normal
conditions where a 20.02 AK subcritical margin may be justified. Addiionally, ANSI'ANS-57.2-1983
requires all uncentainties be included n the final calculated Ky value at 9595 t1olerance limits.  See
Section 3.3.4 of Reference | on page 3-23 for details on how these criteria are applied in demonstrating
ISFSI cniticality safety.

3.3.4.3 Vesification Analysis

The analysis method which ensures ISFSI criticality safety uses the Criticality Analysis Sequence No. 2
(CSAS2) and the 123GROUPGMTH master cross-section library included i the SCALE-3 system of
codes (Reference 2 on page 3-:23). CSAS2 consists of two cross-section processing codes (NITAWL and
BONAMI), a [-D transport code for cell-weighting cross-section data (XSDRNPM). and a 3-D
mente-carlo code (KENO-IV| for calculating the effective multiphication factor for a system
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In CSAS2 calculations involving the zero bumup intercept point, cross section processing and cell
weighting of cross sections was performed assuming fresh fuel For CSAS2 calculations involving
iradhated fuel, cross section processing and cell weighting . cross sections was performed assuming
irradiated fuel actinide and fission product isctopics

Irradiated fuel fissile nuchide number density data was obtained from CASMO-. (Reference 4 on
page 3-23) calculations and input 1o the CSAS2 criticality code sequence (reference Section 3.34.2 of
Reference | on page 3-23; The CASMO-2 latice physics code has been used extensively in reactor
physics calculations. Its ability 10 accurately predict fissile nuclide depletion and generation as well as
weutron multiphcation 15 well established i benchmark calculations (References § and 6 on page 3-23)
and through s successful application 1n numerous licensed reactor physics and core reload design
calculations.

The Shielding Analy sis Sequence No. 2 (SAS2) included in the SCALF -3 package of codes was used to
develop irradatcd fuel fission product number density data for input 10 CSAS2. SAS2 is an industry
recognized code which employs ORIGEN-S to perform fuel bumnup. depletion and decay caleulations

A set of 40 critical experiments have been analyzed using the CSAS2 123GROUPGMTH reactivity
calculation method 1o demonstrate its applicability to enticality analysis and 10 establish method bias and
vanability. The experiments analyzed represent a diverse group of water moderated, aeterogeneous oxide
fuel arrays separated by various matenals (stainless steel. Boral, water, etc) that are representative of
I WR shipping and storage conditions. The method bias and uncentainty apphed in the calculation of the
final K-efl result 45 based on CSAS2 123GROUPMTH calculated results for the set of 40 entical
experiments sumuaarized in Table 3.3-6 of Reference | on page 3-23 All 40 cntical experiments included
in the method benchinark are similar ‘o zero bumnup normunal case flooded DSC conditions in that all are
water moderated, low ennichment heterogencous L'02 systems Additional benchmark calculations were
performed to demonstrate that the irradiated fuel cnticality equivalence method used is conservative when
compared 1o the method bias basis U02 benchmark results (1e.. Reference 1 on page 3-23 Table 3.3-6
results). CSAS2 123GROUPGMTH benchmark results for systems contaning Pu02-U02 mixed oxide
fuel pins are provided in Table 3.3-7 of Reference | on page 3-23, Benchmark data representative of
irradiated fuel as=>mblies was obtamned from the results of CASMO-2 infinite lattice enticality calculations:
the results of benchmark compansons between CASMO-2 and CSAS2 CASMO2 SAS? calculated K-anf
values are provided in Table 3.3-8 of Reference | on page 3-23  Inspection of the benchi sk results
provided in Reference | on page 3-23 Table 3.3-7 and 3 3-8 demonstrates that the enticality equivalence
method used conservatively overpredicts K-eff for systems contaning plutonium or irradiated fuel of the
type proposed for Oconee ISFSI storage

Further details on the analysis method and the ISFST venfication analysis are provided in Section 3.3.4 of
Reference | on page 3-23

3.3.5 RADIOLOGICAL PROTECTION

The Oconee ISFSI is designed 10 maintain onsite and offsite doses ALARA dunng loading operations and
long-term storage conditions. 1SFSI loading procedures, shiclding design, and access controls provide the
necessars radiological protection to assure radological exposures to stauon personnel and the pubiic will
be mantained Al ARA. Further 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
Access 10 the spent fuel assemblies stored in the ISFSI s restricted by a secunty fence, and the thick walls

and heavy door of the Horizontal Storage Module Since there are no active systems in the storage
module, there s no need for continuous monitoring of conditions. Appropnate 11onitoring will be
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pedformed prior 10 Joading or unloading Dry Storage Canisters inside the ISFSI fence. Appropnate
monitors are in place inside the station 10 provide waming of radiauon hazards while DSC loading and
cask handling operations are paformed in the fuel building and loading area. During transport, the
transfer cask will be monitored 1o assure no danger 10 the health of the public or station personnel

336 FIRE AND EXPLOSION PROTECTION

The ISFSI HSM and DSC contain no flammable matenal and the concrete and stee! used for their
fabrication can withstand any credible fire hazard There is no fixed fire suppression system within the
boundaries of the ISFSI, however, portable suppression equipment is provided within the fenced
boundary. Also, the facility is located such that the station fire bnigade can respond to any fire emergency
using portable fire suppression equipment or the site's Fire Protection System, as described i Section
9.5.1, “Fire Protection System" on page 9-17'7 of the Oconee FSAR

ISFS] initiated explosions are not considered credible since no explosive materials are present in the
fission product or cover gases. Externally initisted explosions are considered 10 be bounded by the design
basis tomado generated missile load analysis p esented in Section 3.2, “Design. Criteria for Environmental
Conditions and Natural Phenomena” on page 3-7 of this SAR and Reference | on page 3-23

3.3.7 MATERIALS HANDLING AND STORAGE

Major ISFS1 materials handling and storage requirements include irradiated fuel and radioactive waste
handling and storage. No hazardous chemicals or chemacal reactions are nvolved in the dormal ISFSE

loading and storage processes,

All irradiated fuel handling outside the fuel stora~ pool 1s perforn od with the fuel assembhies enclosed n
a DSC. DSC handling equipment and handling procedures are described in detail in Cuapter 4, “Storage
System” o= nage 4-1 and Chapter 5, “Storage System Operations” on page 5-1 of this SAR, respectively

Radioa : generation, treatment and disposal 1s addressed in Chapter 6, “Waste Management” on
page 6-1 SAR

The design criteria for handling spent fuel outside the pool area is 1o keep the fuel enclosed in the DSC
and the T usfer Cask or HSM at all tunes. There is no waste generation outside the fuel building for
normal DSC transfer operations. Waste generated in loading and decontamunating the cask is handled by
existing Oconee waste systems in the pool and decontaminai.on areas

The canister/cask design is such that fusl heodling in the pool area is unchanged from normal fuel
handling procedures. Specific critetia for select g fuel assemblies for storage are detailed in Reference 2 on
page 10-11, IFAs are selected 1o 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 fucl
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 duning 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 monitored with exi.ling
pool area monitors

All radic active waste generation is from cask decontamination and consists of liquid waste which is input

into the cask decontammnation pit drain and thus into the existing plant hiquid radwaste system and solid
waste which is collected for disposal via the existing plant radwaste facibt)
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I REFERENCE SPENT FUEL CHARACTERISTICS -
153015 PWR Assemblies (24 Per Module DSU)
b Decay Hemt = 66 KW Per Assembly
¢. Nominal Bumup = 40,000 GWD MTL
d Initial Ennchment = 4.0 weight % L2358
¢ Fquivalent Zero Bumup Enrchment <1 45 weight ®o 1238 (enticality )
2. COMPONENT FUNCTIONS -

8 DSC Provides Fuel Suppont, Ind Shielding. Heat Transfer. Criticality Control, and Confinement
of cover gas and Radioactive Material

b Trander Cask Provides Shielding DSC loading. Mandling and 7" ransfer Mechanism, HSM
Docking Functions, and Tomado Wind and Missile Protection

¢ HSM Provides Shielding. Pessive Decay Hewt Removal, Structural Seismic DSC Suppon and
I nvironmeental Protection. including 1omado Wind and Musside Protection

d. Mydraulic Ram Syster Provides Mechaniam for DSC Transfer From Transter Cask 10 HSM and
eventual removal of DSC from HSM

3 ENVIRONMINTAL CONDITIONS -
& Maximum Tomado
1) wind speed = 360 miles per hour
2) rotational speed = 290 miles per hour
1) translational speed = 70 miles per hour
4) pressure drop across the tomado = 310 ps
$) rate of pressure drop = 2.0 psi per second

b Tomado Missiles @ 35% of the Combined translational and rotationa DBT velacity = 126
miles per hour

1) 3967 pound sutomobile with a 20 square foot frontal arca
2) 276 vound, eight inch diameter blunt-nosed armor piercing antillery shell
1) one-anch diameter solid stee] sphere

¢. Flood Design: Not Apphicable

d Seismic Forces = )17 Vertical. 25 Honzontal (NUHOMS componenis)

= |5 Vertical, .15 Honzontal (Oconee site conditions)
¢ Snow lee Loads = 200 Pounds Per Square Foot
4 SAFETY PROTECTION -
a Normal Operating Clad Temperature < 3407 (
b. Matenial Confinement < Multiple Bamer Concept
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‘ ¢. Purged-gasses - Passed Through Spent Fuel Pool Ventilation System Dunag Fuel « Loading
Otherwise Not Applicable

4. Critieglity Centrol ”!!”\Wt' “u”,u'v Credit and 1810 ppm Soluble Boron Credit - k,, « ()9S
Koo © 095 (oft-normal)
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CHAPTER 4. STORAGE SYSTEM

The Oconee ISFSI s located within the existing Owner Controlled Arca on the Oconee Nuclear Station
wie. The storage area 18 located west of the exsting intake structure. Figure 4-1 on page 4-5 depicts the
site Jayout in relation 1o other plant features and defines the onsite route that the transfer cask and trailer
will travel in moving loaded storage canisters from the Fuel Buildings to the 18181

The Oconee ISFSI utilizes the NUHOMS 24P storage systern which provides for the horzomal, dry
storage of iradiated o dear fuel assemblies The fuel assemblies are contained in & DSC made of stainless
stee] which is placed wnde a remforced conerete HSM lor long term storage

lo addition 10 the DSC and HSM, the NUHOMS- 24P system utibizes handling and transfer equipment (o
joad the DSC with fuel to seal the DSC, to move the loaded DSC insde o heavily shuelded transfer cask
from the Fuel Building to the HSM and to insert the DSC into the HSM. The DSC s designed 1o hold
24 PWR fuel assemnblics. The margins of safety in the structurdl design of the HSM, DSC, and transfer
cask are more fully deseribed in Section 8, Tables K1 and 5.2 of Reference | on page 4-37. Addisonal
information for the handling and transter equipment s presented 1 Section 4 © 5, “Transfer Components”
on page 432

The fuel assemblies 10 be stored are deseribed 1 Section 3.1 1, “Matenal 1o be Stored™ on page 33 The
dose 10 the general public from the operation of the 1SFST s far below the allowable dose limits as set by
regulation. Fstimates of the annual dose rates are provided in Secoon 7.7, “Estimated Off-Site Collective
Doses” on page 713

It should be noted tha, the Oconee ISFS] 1s heensed for the storage of as many s 2112 assemblies; this
sorage capecity will be added incrementally as needed 10 support the actual fucling schedules. HSMs
and foundation have been designed to be built i any array size no smaller than 2x3 (three modules side
Yy side and back 10 back with thiee additonal modules) and no larger than 2x10 (Ten modules side by
side and back 10 back with ten additional modules)

The ISFS] system is designed 1o interface with existing plant equipment and systems.  Roadways, buned
pipes, trenches, and positoning aprons were venified 10 be acceptable for the wheel loadings of the transfer
vehicle Oconee Nuclear Station asphalt roadways were verified as meeting the design munimum thickness
requirements of the Amencan Association of State Highway and Transportation Officials as specified for
loading comparable 10 the ISESI transfer vehicle. Approximately 64 buried pipes and over 26 drain hincs
were analvzed and verified acceptable according to the applicable codes for cach piping matens' All
interfacang trench systems were analyzed for transfor vehicle loadings. These include the 115 KV, 230 KV,
525 KV, Radwaste and Imterim Radwaste, and the Standby Shutdown Facility trenches. Necessary
modifications 1o these trenches will be completed pnor 1o the transit of the ISFSI transfer vehicle.

The size and weight of the transfer cask, DSC, and crane hook lift adapter are acceptable within the
current design limits of the crane, cask handling arca. and transfer cask positioning aprons of the spent
fuel pools Design features employed o with<tand environmental and aceident forces are detailed in

Chapter 3. "Prancipal Design Crtena” on pay ud Chapter 8, “Acadent Analyses” on page %1 of
this SAR. The DSC and transfer cask are um? » safety and are designed, constructed, and tested per
Duke's QA | program that 1s more fully des Chapter 11, “Quality Assurance” on page 11-1. The
HSM is designed, constructed and inspected Jance with Duke s QA condition 2 program

The HSM is designed in accordanze with the requirements of ACT 340-85 as discussed in Section 3.2.5 1
of Refereace | on page 437 The HSM is constructed following the guidelines of ACH 318-53 as discussed
in Section 421 of Reference | on page 437 The DSC and transfer cask are designed and built in
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accordance with the ASME Code, 1953 edition through Winter 1985 addenda In addition this equapment
will comply with the following ANSI N 146-1978 Amencan Nationd Standard for Special Lifung
Device for Shipping Containers Weighting 10,000 Ibs. or More for Nuclear Matenials, ANSIANS
§76:198%4, Desmign Critena for An Independent Spent Fuel Storage Installation (Dry Storage Type),
ASTM F499.73, Standard Methods of Testing for Leaks Using the Mass Spectrumeter Leak Detector in
the Dtector Probe Mode
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4.1 LOCATION AND LAYOUT

The location and layout of the storuge site with respect 10 other site structures is shown in Figure 41 on
puge 4-5. This figure also denotes the transponation route for movement of the DSCs from the spent fuel
pool 1o the HSMs

i, during the transfer of & DSC from the fuel building 1o & HSM. an eveit requiring return to the fuel
handling building occurred inside the Oconee Nuclear Station protected area fence, the tractor-trailer
could either continue on around the east nde of the Turbine Building and retum 10 the fuel building o1, if
i is close 10 the fuel buillding, it could reverse 10 retum

From the point where it leaves the Oconee Nuclear Station protected arca until the point where it reaches
the ramp leadmg up to the ISFSI the tractor-trailer has sufficient space 10 tum around as needed

Onee it is on the access ramp leading 10 the ISFSL the tractorrailer would have to continue 10 the 1SFSI
site n order 10 turn around.

The transport route has been reviewed and found 1o be within the design basis of the cask drop analysis
discussed ir Section 82 of Reference | on page 437 The powential causes for cask and DSC drop
accidents are described 1 Section 8251 of Refsrence | on page 437 The eoveloping postulated drop
events assumed for design are.

1. A honzontal side drop or slap down from & height of 80 inches

"

A vertical end drop from a height of 80 inches onto the top or bottom of the transfer cask

o

. A comer drop from a height of K0 incaes at an angle of 30" 10 the honzon.al, onto the top or bottom
comer of the transfer cask

These drop scenarios were used 10 define an equivalent static deceleration load of 75g for cases (a) and (b)
and 25g for the comer drop (case (¢)) As deseribed in Reference | on page 4-37 these deceleration values
were developed for assumed surface conditions which will envelop all Oconee site conditions which may
be encountered Spectfically . these decelerations are based on the work contained in £ PRI report NP-4830
and are applicable 10 impacted surfaces with target hardness numbers up to 400,000, The maximum target
hardness along the Oconee transfer route is 2750 for an edge drop scenano

The transfer cask route from the fuel buildings 10 the HSM was evaluated to ensure that the maximam
transfer cask drop height of 80 inches is not exceeded. The nomunal travel height of the transfer trater
deck is 41 inches which corresponds to a cask drop height of 89 inches. Dunng trausit from the fuel
building 10 the HSM site, the trailer deck will be avtomatically leveled by the trailer's hydraulic
suspenson units. The maximum design travel for these units can raise the trailer deck height 10 52 inches
which corresponds to a drop height of 70 inches. Mechanical stops attached 10 each suspension unit
cylinder ensure that the cask cannot be lifted 10 @ height greater than 70 inches above the ground
Therefore, since the Oconee target hardness and maximum potential cask drop height are less than the
values presented in Reference | on page 437, the deceleration values presented in Reference | on
page 4-37 envelop all Oconee site conditions

The site area will be sloped appropriately 10 permit surface drainage 1o collection ditches for channelling
the water away from the site. As noted in Section 2.4, “Hydrologic Engineering” on page 2-27, the site is
11.9 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 dranage pipe passing through the HSM from
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wall o the plenum area The base slab of the plenum wrea 15 sloped towards this drunage pipe
Additionally. the conerete approach apron s sloped awsy from the HSM fromt wall. Dunng & local
intense rain. it 18 remotely possible that some runwater may backup into the HSM plenum  arcas
temporanly, but thus water will drain out of the HSM soon after the intense ran subsdes.  Therefors due
to surluce dratnage, rain water will not collect to a depth of any concermn
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4.2 STORAGE SITE

The design bases covenng the analysis and design procedures for the appropriate loadings are specified in
Chapter 3, “Principal Design Crtenia” on page 31 of ihis sepont and in Reference | on page 4-37 for the
HSM., DSC, transfer cask and transfer traler. The foundation design includes allowances i S=emic loads
The ground aceelerations are from the site ground motions spectfied in Chapter 2, “Site Charactens..<"
on page 1. liquefaction potential for the ISFSI mte is discussed in doction 2.5, “Geology and
Seismology ' on page 2441 Based on the soil investigations and uang an equivalent static methodology
1o accoumt for dynamic effects, spong stffeners are determined representing the force-deflection
relationship of the und rlying soil. This information 1s utilized as input to the structural mode! deseribed
in Reference | on page 4:37 10 determine settlement effects. See Section 2 54, “Subsurace Matenals” on
page 2-50 for detalls of the foundation analysis. Temporary loadings from the extreme environmental
cuses (Chapter 3. “Prncipal Design Criteria” on page 3! and acaident conditions (Chapter &, “Acerdent
Analyvses” on page b1) have been reviewed and are acceptable

421 STRUCTURES

Ihe MSM design bases. matenals of construction, codes and standards, ete. are fully described in
Reference | on page 437, The HSM foundation requirements are discussed in Section 2.5.5, “ISFSI
Foundation” on page 2:51  The concrete approach aprons will not be attached 10 the HSM but wil) be
separated by an expansion joint. Differential settlement between the slab and the HSM s not anticipated
to be a problem

The approach aprons are sized for beanng pressures using the same allowable and ulumate pressures as
used for the HSM as discussed in Section 255, “ink Sl Foundation” on page 2-51. Settlement of the
approach aprons will be minimal since they are normally unloaded In addition, the transfer trailer has
jacks used in vertically positiomng the cask for DSC insertion imo the HSM. The trailer leveling
procedure will compensate for any differential settlement that may occur between the HEM and the
concrete approach aprons Outlying arcas are conerete or asphalt 1o provide the space required for transfer
tratler mancuvers

422 STORAGE SITE LAYOUT

Figure 42 on page 4-9 depicts the site layout and nts functional features

423 HSM DESCRIPTION

The HSM is constructed of reinforeed conerets and structural steel. The HSMs are placed in service on a
load beanng foundation which 15 within & fenced, controlled access arca

The HSM provides the structural support for the DSC as well as protection against tomado massiles plus
neutron and gamma shielding The exterior walls form an array of modules ard the front and roof of the
modules are sufliciently thick to provide average surface doses that are below 20 wmr hr

The HSM provides fuel cooling by a combination of radiation, conduction and convection Natural

circulation air flow enters at the bottom of the HSM and passes around the DSC and exits through the
flow channels in the top shield slab
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The design of the HSM svstem includes consideration of both normal and off-normal eperating
conditions including a range of credible and hypothetical acadents. The HSM design and analysis were
performed in accordance with Chapter 3, “Principdl Design Cntena” on page -1 and Chapter &
“Accident Analyses” on page 81 of this SAR and Reference | on page 417

The design critena for the operational and accident conditions full into three mun categonies. str'ctural,
nuclear and thermal-hydraulic.  Reference | on page 417 describes in detall the analysis .. these
accidents. The bounding structural loading combinations include thermal, earthquake. 1emado and cask
drop accidents For the nuclear analyses, shielding of the DSC end shueld plugs, the HSM wills and
penetrations, and the cnticality analyses were pnmary consuderations The thermal-hydraulic enteria
assures adequate air flow inside the module, acceptable wir and concrete temperatures as well as DSC and
fuel clad temperatures

4.24 INSTRUMENTATION SYSTCM DESCRIPTION

The Oconee ISFS! i designed to maintain & safe and secure. long-term containment and storage
environment  for 1P As using only totally  passive  components Iherefore, no  safety  related
instrumenitation is required for operation of the faciliy

Instrumentation is necessary to perforn the DSC transfer cask dratning purging, and drying operations
This instrumentation cons *s of commercial grade pressure gauges. The functions served by pressure
strumentation 1t the DSC loading procedure are discussed m Chapter 5, “SMorage System Operations”
on page 51 of thus SAR

Radiation moridtoring is provided by ensting station arca, and process effluent monnors. The station

radistion monttoring system  is  deseribed in Oconee  FSAR  (Chapter 11, "Radioactive  Waste
Managemen " on page 11-1)
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4.3 TRA} SFER SYSTEM

431 FUNCTION

e function of the transfer system is 1o transfer the DSC contuining irradiated firy' assembhies 10 and
from the PSM

4.3.2 CUMPONENTS

The transport system consists of the transfer cask, DSC, transfer cask skid transfer traidor skid posinciang
sysiem and hydraolic ram

43.21 Transter Cask

The trande cask is used 10 transfer the loaded DSC to and from the HEM  Lhe wsk provides shuelding
along the waal length of the fuel dunng transfer. loading and retnieval opaidtions. A de  puou of the
| tunsfer cvsk is provided in Reference | on page 4-37. For Ocunee, tan (2) hard sifae. 4 o s were adird
| 1o the snhance cask shiding charactenistics and the hquid neutron Yold desenbed 1o Reference 1 on
pag. 417, has been replaced by a solid neutron shield comprised <1 Risoo NGV which @ & cementatinus
matenal cast in place in the neutron shield jacket. The drain and fill p s, as well as 11 expansion tank,
which are needed for the ligwd neutron shield have been delsted. f¢ ensure thot Cdgassing or vapor
. expansion will 5ot result in overpressunization of the neutron shield jacket, pressure reliaf vadves et (¢ a5
psig have been added This change results in @ more pasive 1 wwtron shicld in that operation al and
maintenance cansiderations are reduced. Also, the possibility of # compiete loss f neutron shielding ay «
result of an aco ' w0 is eliminated, although 1t is still assumed that substantial degridat n may oocur in
some localized arca

This subsitution satisfies the requirements of 10CFR 72 because

1. The surface dose rates still satisfy the requirements established 1o Reference 1 0 nage & V)

2. The temperature of the fuel cladding does not vxeeed the (i v establishal in Refersnce | on
page 437,
1. The matenal charactenistics are suitable for the serviee environment

4 The consequences of postulated accidents are enveloped by 1y enitenia eswblishe  in Peference | on
page 4-17
§. The structural integnty of the transfsr cask and ISC is not compromis »

4.3.2.2 Dry Storage Canister (DSC)
The DSC provides the pnmary confinement for ap 10 24 irraviated fuel assemblies The DSC provides

shiclding at the ends and a'so maintains the fuel array subcritical under the v rst case conditions. The
DSC fits inside the transfer cask for safe movement from the spent fuel pool to the ISFSI e
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4.3.2.3 Transfer Cask Skid

The purpose of the transfer cash wd is 1o provide a suppont base for rotating the transfer cask 10 a
honzontal position and 1o maintan the transfer cask i the properly aligned position dunng transporn,

loading and retneval operations

The basic dimensions and layout for the transfer cask skid are presented in Section 1,315 and Figure
1.3-4 of Reference 1 on page 4-17

The main load carrying longitudinal skid members are 12WF 210 wide flange sections with stifleners added
as required for the design Joads. The main load carrying cross members asd vertical supports for the
upper and lower trunnion pillow blocks are built up steel box sections

As shown on Figure 1.3-4 of Reference | on page 417, the transfer cask is secured 1o the transfer cask
skid by the use of bolted tp and bottom cask trunmon pillow blocks The skid is bohied 10 the transfes
cask trailer using the locking brackets shown on the figure

The transfer cask skid 1+ a non-safety related stem which i« designed in accordance with the requirements
of the AISC code, cighth edition using linear elastic analytical methods and normal allowables for the
bounding design besis loading The design loads for the transfer skid and attachmer s are the same as the
transfer cask trunnion Joads presented in Section C.1-4 and Figure C 1-2 of Appendix C of Reference |
on page 4:17,

The design basis loads for the transer cask skid were conservatively established to envelope all applied
loads including downending of the cask, rotational loads, an! transport loads duning transfer 1o the ISFS]
site. The transfer skid design loads envelope the postulated off-normal and accidenmt Joads discussed in
Section 8.2 of Reference | on page 437 such as eanthquake and tomado wind loads Along with the basic
Code allowable stresses used in the design analysis, this conservative design basis assures that the skid wall
adequately support the NUHOMS- 24P ransfer cask for all postulated cvents

4.3.2.4 Transfer Traller

The transfer trailer has & capacity of 120 tons. The transfer trailer 18 designed to nde s low 10 the ground
as possible 1o munumize the HSM height Feur hydraudic jacks are incorporated nto the traer design to
provide verical movement for alignmeny of the transfer cask with the HSM. The trailer is pulled 10 the
ISFSI by & conventional tractor

The trailer is configured as a 4x2 hydraubcally steered dolly. Fight hydraulic suspensions carry four
pneumatic tires each and are located two wide, n four axle hines. There are a total of 32 tires

Hydraulic suspensions enable coupled steering of all axles around & common point, thus minimizing tire
scuffing and the resulting damage 10 pavement and tires. The suspensior. also allow other advantages,
such as adjustable deck height, lockout or repair of fwiled suspensions or tires, and compensation for road
surface irregulantios.

The trailer is pulled by a conventional tractor vie & drawbar unit. The drawbar unit includes hydraulic
masier cylinders that provide motive foree for the slave steering cylinders in the tradler

Additiona) features and accessories for the trailer aclude: diesel power pack and hydraulic control valves,

hand held remote control unit, all-wheel braking, and provisions for mounting four beaning pads,
hydraulic alignment system hardware, and four hydraulic lifting jacks t¢ the trailer frame
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The trader is a commeraial grade tem of the type commonly used 10 move heavy loads. such & the space
shuttle. The design parameters for & typical trailer are provided in Table 41 on page 419 @
constructed in acevrdance with vae manufacturer s standard QA program using the following codes of
o Amedcan Institute of Steel Construction (AISC) Spectfication for the Design, Fabnication, and
Frection of Structural SMeel for Buldings

o Ametican Society of Testing and Matenuds (ASTM)
o American Welding Society (AWS) AWS D11 Structural Welding Code-Steel
o Steel Structures Paanting Councll (SSPC)H

4.3.2.5 8kid Positioning System

The Skid Postioning System ‘SPS) includes the following ttems which either actively or passively position
the skid dunng storage, transport, and alignment operations low fnetion bearing plates, skad tie down
brackets, hydraulic lifung jacks, hydraulic  xoythets  positioming  evhinders, and all  associned
instrumentation and comtrols.  Controls for the SPS are located on a control skid which is located several
feet from the cask

The loaded cask is supported by a steel skid structure. The skid s weight 15 supported by a set of four low
frction heaning plates. The beanng material offers a coefficient of fnction of $% or les with negligible
breakaway fnction. The skid i restrained from lateral motion during transport and storage by a set of tie
down brackets which are attached 10 the tratler frame

Four support places for hydraulic lifung jacks are located on the trailer frame Although the trader s
hydraulic suspensions could be used 10 perform trwler deck height adystments, the jacks will more firmly
support the lead than pneumatic tires. The jacks provide elevation adjustment, plus adjustment of pitch
and roll of the tradler frame relative 10 the conerete HSM pag. The jacks are also used in the fuel building
during cask loading There, the fromt pair of jacks carmies most of the load dunng the cask setdown and
downending

A system of hydraulic actugtors are onented in the transverse and longitudinal directions on the tradler
deck These evlmders are used 10 align the cask correctly relative 1o the HSM after the deck is leveled wi

the appropnate heght
4.3.2.6 Hydraulic Ram System (MRS) Description

Reference | on page 437 includes a system deseription of the hydraubic ram in Section 1.1.1.6, @ system
operation desceription of loading and retneval of the DSC @ Section 1.3.1.7 and a functional description i
Section $ 211 Figure 138 shows a typical design for the hydraulic ram system. ¢igure 136 shows the
primary operations for the NUHOMS syster

The operations system for loading and unloading of the DSC into and out of the HSM s discussed 0
Sections 51,16 and 5.1.1.8 of Reference | on page 417 Figure 51.4 of the same reference shows the
NUHOMS Systemn retrieval operations flow chant Safety features of the ram systemn are presented in
Section 5.2.1 2 of Reference | on page 437,

The HRS consists of the following main components one double-acting hydraubic eylinder (ram); one

trailer-mounted tripod suppon assenbly for rear support and alignment of the ram hydraulic evhinder: on¢
ram support frame assembly for front support and alignment of the ram hydraubic eylinder, one grapple
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assembly; one bydraulic power unit with controls. and hydraul  tubing, hoses, hose reel and accessones
8 roquire for system operalion

4.3.3 DESIGN BASES AND SAFETY ASSURANCE
4331 Transter Cask

The dexign bases of the transfer cask wre given in Section 1.2.2 of Reference | on page 437 These are
based primanly on radwlogical and structural consderastions

As discussed in Section 4321 “Trander Cask” on page 411, the sobid neutron shield will be
permanently filled with Bisco NS-3 . & neutron absorbing cementatious matenal cast in place in the
neutron shield jacket.  Pressure relief valves are designed 10 relieve pressure in the eveat that any
ofl-gussing were 10 create excessive internal prossure

4.3.3.2 Transter Cask Skid

The transfer cask skid supports the transfer cask 1. a honzontal position on the traler deck dunng the on
wie road transporwtion 1o the ISESE site. The transfer cask skad i designed 10 support a transfer cask
weighing 110 tons and 10 wllow rotation of the transer cask between the horizontal and vertical positions
The transfer cask skid is secured 1o the transfer trader dunng movement and is restrained by a seounng
pvstem 10 reast the poak loads anticipated under normal conditions of transport between the fuel buildings
and the IS1S]

4.3.3.3 Transfer Traller

The design parmneters for the transfer tradler are presensed in Table 41 on page 419 Also, as shown in
Soction 8.2.5 of Reference 4.1, “Lecation and Layvout” on page 43 the design basic drop height for the
NUMOMS 24P Transfer cask 15 80 inches  This analyss bounds the Oconee transport conditions. The
nominal travel height of the transfer wrailer deck 18 41 inches which corresponds 10 & cask dron hoght of
$9 inches. The maximum design travel of these umits can raise the tratler deck height 10 52 incdes, which
comesponds 10 & drop height of 76 inches.  Mechanical stops attached 10 cach suspension uni’ eylinder
ensure that the cask cannct be lifted 10 & hesght grewter than 70 inches above the ground

If an event reauinng return 1o the fuel handling building ocel rred inside the Ogonee Nuclear Station
protected are: wnce. the teactortrailer could either contiue on around the cast side of the Turbine
Building and return 10 the fuel building or, if 1t s close 10 the fuel handling building. it could reverse 1o
return.

From the point where 1t leaves the Oconee Nuclear Station protected ares until the point where it reaches
the ramp leading up 10 the ISFSL, the tractor trailer has sufficient space to tum around & needed

Onee it 15 on the access ramp leading 1o the ISFS] the tractor-trailer would have 10 continue 10 the 1SFS]
site in order 1o turn around

4.3.3.4 Skid Positioning System (SPS)

The SPS is designed 10 compensate for the foliowing vanance i true alignment between the cask and
HSM. in any combination

¢ Pure Vertical Translaton A
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o Pure Sideways Translaton »
¢ Puch 14" f
¢ Yaw N degrees

In addition 1o the above corrections. the SPS must move the cask and skid from the transpon position, in
which the payload s center of gravity bies directly over the centroid of the trailer, 1o & position where the
cask shghtly overhangs the roar of the trailer The required actumtor strokes 10 achieve the design basis
Cympensations are (in terms of pure directional motion) approximatels

* Vertical Travel o
o Transverse Travel 10
¢ Longtudinal Travel g

The 8PS components which restratn the cask and skad dunng cask setdown and transport are designed to
withstand the loads deseribed for the cask trunmons i Appendia C | of Relerence | on page 437 The
design basis weights for use in sizing SPS actugors and hardware are, in L S tons

o Empty Cask 5 tons
¢ Loaded DSC X 1ons
¢ Sk 6 tons

¢ Trailer 20 1ons

The SPS will be designed and built 10 the following codes and specifications

+ Amencan Institute of Steel Construction (AISCY Specification fer the Design, Fabneation, and
Lrection of Structural Steel for Buildings

o American Society of Tesung and Matenals (ASTM)
o American Welding Society (AWS) AWS D1 Structural Welding Code-Steel
o National Fluid Power Assoaation (NFPA)

o Stee) Structures Painting Counctl (SSPC)H

The SPS a5 specified for use 10 the following environmental conditions

o Ambient Storage Temperature A0°F 10 1167}
s Ambient Operating Temperature 0°F 1o 110°1
o Ambient Humadity 10% 10 1004
* Ambient Radistion Negligible

The SPS is designed with severa) safety features 10 avoid unnecessars delays in the transfer process. The
trailer lifuing jacks have mechanical locking collars which preclude setthing of the trailer deck, due 10 Joss
of hydraubic pressure 10 the jack cvlinders. A hand pump provides redundant power as a backup in the
event of pump or power unit failure. Operation of the trailer jacks. transverse, and longitudinal cylinders
are mutually exclusive: it is unpossible 10 operate more than one sub-system at a tume. Durng alignment
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and fuel transfer, the skid tie down Lrackets are unbolted, and the A<y travel of the skid is imited by both
the hydraulic cylinder travel end by mechanical restrunts on the low fniction beanng travel. A tie down
between the HSM and cask provides additional restraint dunng fuel transfer

4.3.3.5 Hydraulic Ram

HYDRAULIC RAM SYSTEM (HRS) PERIORMANCE REQUIREMENTS.
o Ram Force « 20,000 b, Push and pull (Nominal)
80,000 ., Push and Pull (Maximum)

¢ Ram Piston Speed - 36 i mun (may)
¢ Stroke <« Approamately 21 feet

CODES AND STANDARDS.
The MRS components are not safety related and are designed to conform to standard industnial

requiremnent . The HRS design conforms to the following codes and standards

o Ram Ctinder - National Flud Power Association (NI PA) Standards Recommended Standards and
Ame stional Standards Institute (ANS]) Standards:

o Ramn . annions Clevis « NFPA and American Institute of Steel Construction (AISC; Stundards,
o Hydraulic Power Unit <« NFPA Recommended Standards,

¢ Cirapple Assembly - AISC!

o Traler-Mounted Trpod Supr st Design « AISC

¢ Welding of Tripod Support and Ram Support Frame - AWS Structural Welding Code and Amencan
Society for Nondestructive Tesiag, Inc. Recommended Practioes;

¢+ Pump Motor - National Flectrical Manufacturers Association (NFMA) Standards and Publications,

o Instrumentation and Controls « Instrument Soaety of Amenca (1SA) Standards and the International
Organization for Standardization (180) Standards,

¢ Component Materials - American Society for Testing and Materials (ASTM) Standards and ANSI
Standards

» Comosion Protection - Steel Structures Painting Council (SSPC) Specifications and  National
Association of Corrosion Fngineers (NACEH ) Recommended Practices and Material Requirements.
DESIGN LOAD CONDITIONS

All system load bearing components of the HRS are designed 1o withstand the stresses associated with a
maximum column load of 80,000 pounds &t full extension centered 4 § inches above the longtudinal axis
of the ram cylinder. The system load bearing components include the ram hydraulic cylinder, grapple
assemnbly and ram suppon frame assembly

The trader-mounted tripod suppon for tue ram hydraulic evlinder is designed per American Institute of
Steel Construction (AISC) Manual of Steel Construction Standards

JONS.

The HRS is designed 10 withstand the following environmental conditions
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+ Ambient Storage Temperature Range -30°F 1o 116°]
o Ambient Humidity Range: 10 1o 100% (comeident with outdoor temperature range)
¢ Radiation Dose Rate (Section 10.3.4.) of Reference | on page 4-37) 250 mrem e

¢ Ram force is hmited to 20000 pounds during the extension and retraction strokes for normal
operation.

¢ Ram foree s imnted to no more than 80,000 pounds under all conditions

o Ram extension and retraction speeds are vanable from 0 1o 36 inches per minutes

INSTRUMENTATION AND CONTROLS:

The HRS is designed 10 allow the operator to extend and retract the rars hydraulic evlinder using
hand-operated devices The control system includes safety features 1o prevent the inadvertent operation of
the HRS and to regula‘e speeds and forces of the ram to within the design criteria imitations

Ram 1 draulic Cylinder + The ram hydraube cylinder is a single stage, double-acting. horizontal design
The maximum extension of retraction force 18 80,000 pounds @ the maximum extension and retraction
fluid pressures. The maximum piston speed for extension of retraction is 36 inches per minute (ipm). The
evlinder is designed with trunnion front mounts and & rear clevis mount. The trunnions are designed 10 fit
into the ram support frame The rear clevis fits the ram tnpod frame

Ram Hydtaulic Pump - The hydraulic pump s a positive displacement type pump

Cirapple Cylinder and Pump + The grapple s operated with & small, double acting hydraulic evlinder. The
cvlinder i+ manually operated with & hydraulic hand pump

Resgrvoir + The HRS includes o 140 gallon reservoir sized 10 meet the system capacity requirements

10 . . The control system is designed to allow the operator 10 extend of retract
the ram hydraubic cylinder using marlly actuated pressure and flow control deviees

: « The grapple assembly is depicted by Revision | of the NUHOMS- 24P Topical
Repont Fagure | 34

The power for the hydraulic system is provided from a retall 24 KV Oconee support line through a 75
KVA, 3 phase transformer

Although this system does not have & backup power source, the retail power provided 1 considered very
rehiable. However, in the event of a power fallure - whether momentary or extended - all etfonts to transfer
the DSC imo the HSM will be halted until power 1s restored. In the intenm penod, the hydraulic system
will be secured in the “off position and all per<onnel will leave the immediate area of the cask. At any
point in the transfer process, the HSM, the v+ .sfer cask, of & combination of both will provide sufficient
shielding 10 maintain dose rates @1 acceptal’ levels during such & loss of power.

4.3.3.6 Other Equipment
All equipment other than the HSV DSC. and transfer cask used in the transfer operations is classified as

non-safety related. Equipment v . for loading fuel into the DSC and transfer of the DSC transfer cask
within the fuel building 1s safet:  clated and is covered by the Oconee 10CER Pant 50 hicense
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The failute of any non-safety related piece of transfer equipment described in Section 1.3 of Reference |
on page 4-37 will not increase human radistion exposures by any significant amount. As described, the
transfer trailer has 32 wheels The route from the fuel building 1o the ISFSI site 18 approxumately 12 mile
The trailer and all its components are carefully inspected pnor 1o use, and the probablity of a breakdown
is small. 1n the event of a component failure, the trailer can be configured 1o overcome falure of a wheel
of suspension unit and off-loading can be completed pnor 1o repairs A failure in the system hydrarios
could be repaired or the trailer pulled 10 the HSM site and the DSC off-loaded Because of this design
simplicity, failure of the hydraulic ram will be hmited to the hydraubic control «ystem Such a failure
would be casy 10 repair and because *sie hydraubic controls are located at least 25 feet from the transfer
cask. and therefore additional hurr.n radiation exposure dunng repairs would be mimmal

4.3.3.7 Qualification of Components

Qualification of the hydraulic ram system (MRS, 1 skid positioning system (SPS) was done per
standard administrative procedures and check out tesung for operation of non-safety related equipment
The qualification tests consisted of pre-operational system checkout tests.  All phases of the HRS and
SPS operation were tested 10 verify the operability of the system. Normal operation and off -normal events
and the respective recovery procedures were confirmed. All system performance cntena were venfied 10 be
M

The HRS and SPS have simple. reliable designs which require minimal maintenance on active
components and negligible maintenance on passive components. Primary maintenance requirements
consist of peniodic inspections of the hydraulic power units, ram hydraulic cylinder, grapple assembly, SPS
sctustor assemblics, and manual controls. 1n addition, the hydraulic fluid == ures periodic testing to
unsure that no water. dint or other deletenious matenals have contaminated the |, stem

4.3.2.8 Maintenance of HRS and §PS

Maintenance requirements for the HRS and SPS are minimized by corrosion protection provided by
component design. All components arc manufactured from corrosion resistant matenals, or coated with
corrosion resistant paints, and or stored ap”* operated with a grease or oil surface protectant. All controls
and insrumentation which are subject to corrosion are housed in a weatherproof enclosure. The ram
hydraulic cylindet is stored in its retracted position, filled with hydraulic fluid

Operating procedures, mamtenance procedures and storage procedures will ensure that all! HRS and SPS
components are kept in operable condition throughout the system design life
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434 TABLES

Table 41, ONS ISFSI Project Transfer Trailer

Ambient Storage Temperature
Ambient Operaung Temperature
Ambiem | lumidity

Ambent Radation

Pressure Altitude

Pavioad (Cask + Skid)

Minumum Deck Height
Maximum Deck Heghn

Maximum Deck + Steenng Unit Length
Maxitnum Deck Length
Maximum Width

Insade Turmn Radius
Outside Tum Radius

Maximum Pulling Speed (Laden)
Maximum Crade

Road Surface
{(Fully Laden)
(Empty Cask)

Design Parameters

0T w16l
0°F 10 110°})
0% to 100%
Neglgble

0 1o SO00 ¢l

1 20 tons

A\

¥

:(‘ Je

211"

12 00

9 or less

27 or less

S mph

6. 8%

Asphalt
Packed Gravel or Asphalt

4.3 Transfer System
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4.4 OPERATING SYSTEMS

441 LOADING AND UNLOADING SYSTEM

Loading and unloading of 1F As from the DSC and transfer cask requires use 1 llowing equipment

.

.

.

100 ton spent fuel cask Landling crane

spent fuel pool manipulstor crane auxiliary hoist
peat fuel handling ool

transfor cask bift beam

DSC hifuing ng

crane hook lift adapier

cask pit platform

4411 Preparation for Fuel Loading

Following receipt inspection and acceptance. a DSC s placed in the transfer cask  The onentation of the
DSC in the cask 18 controlled by permanent alignmen! marks on each DSC and the transfer cask. The
DSC s filled with borated water weth a minimum ¢. neentration of 1810 ppm boron. The transfer cask 1s
then positioned in the decontamination pit.  The DSC transfer cask annulus is filled with demneralized
water and sealed with an inflatable seal  The transfer cask is then placed on the cask pit platform in the

spent fuel poo!

The following components are used for this operstion

v

100 Ton Crang - the 100 ton spent fuel cask handling crane is used 1o place the DSC into the transfer
cask and 10 move the DSC transfer cask 10 the spent fuel pool. The 100 1on crane 1s described in
Section 9.1 4.2.2, “Loading and Removing Fuel” on page 915 of the Oconee FSAR (Reference 2 on
page 4-37)

DPSC _Lift Rig - The DSC Lift 1g is bolted 10 two of the four lifung lugs attached to the supporn ning
for the top lead shield plug wnside the top of the DSC. 1 s used for upending the DSC prior 10
loading into the transfer cask

Lift Beam - The transfer cask lift bewm adapts the transfer cask 10 the 100 ton erane
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 1 accordance with the emteria of ANSI
Nid 6 The lift beam is a passive, open hook design with two paraliel lifting beams. It is fabncated
from high strength carbon steel plate and is protected by & decomtaminable coating. Figure 4-3 on
page 4-26 depacts the transfer cask hift beam

Crane Hook Lin Adaptor - After the DSC transfer cask i1s placed on the cask pit platform, the crane
hook lift adaptor s attached between the 100 ton crane hook and the transfer cask lift beam The
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. The crane hook lift adaptor
is designed, built, and maintained in accordance with the critenia of ANSI N14 6. Like the lift beam, 1t
is fabnicated from high strengih carbon steel plate and is protected by & decontaminable coating. The
adaptor has an elongated pin hole (4% inches) end a screw actuator at the lift beam end. For lifting the
transfer cask, the adaptor 1s in the elongated configuration with the bft beam pin supported by the

REN: (30 SUNE 1991 421




4.4 Operating Systems Ocoaee ISEST Safety Analysis Report

bottom of the pin hole. When disengaged from the cask, the adaptor may be placed in the retracted
configuration by means of the s w actuator, which provides support for the lift beam while in this
vonfiguration. The retracted cond puration is required for the combined adaptor and ft bearn 10 clear
the spent fuel pool operating dock.  Figure 44 on page 427 depicts depicts the crane hook lift
adaptor

§ Cask Loading Pit Insert « A removable platforrs approximately 18 inches in height is placed in the
spent fuel pool cask pit. Its functions are to allow release of the transfer cask at an elevation that
prevents the 100 ton crane block from contacting spent fuel pool water and 1o position the cask so
that spent fuel can be loaded into the DSC

4.41.2 Spent Fuel Selection

A descnption of the administrative procedures which are followed 1 spent fuel identification is presented
in Section 1025, “Administrative Controls” on page 106 Using special nuclear material control and
accountability records, the initial ennchment and bumup for cach candidate spent fuel assembly are
compared against the acceptable region in Figure 10-1 on page 10-10 Fuel wssemblies falling in the
acceptable regiors will have qualifying reactivity and decay heat characteristics for safe storage in the
NUHOMS 24P System. If all requirements for spent fuel gualification are met, then documentation of
this fact for & gven assembly 15 transmitted 10 fuel handling personne] prior 1o assembly retrieval and
placement in the DSC. Based upon station maps and special nuclear materials accouatability records
which indicate the current location of these assembhies, fuel handling personnel visually venfy the
assemnbly identification numbers and transter these assembhies into the DSC. An independent visual
verification (using binoculars or CCTV) of the assembly serial number by two different person’ s
performed prior 1o assenbly retrieval from the spent fuel pool After all assemblies have been loaded into
the DSC, the assembly identification numbers are again checked In the event that these assemblies must
subsequent!y be retrieved in the future from the HSM DSC and inserted back into the spent fuel pool
similar accountability verifi non procedures will be used

No fuel will be loaded into the DSC which 1s known 10 have any gross structural damage. Duke's
damaged fuel assembly and component database contains a record of confirmed ar. 1 suspect fuel assernbly
cladding and other structural failures. Assemblies which are suspected of having cladding failure are further
examined visually (using cameras) 10 determine the extent of the damage. Of these assemblies, only those
showing gross cladding or structural damage will be excluded This inspection is performed after
verification of the assembly identification number. Fuel assemblies which have no record of cladding
damage are not inspected in detail; they are observed duning the routine fuel handling transfer operation 10
ensure that the structural integnty of the assembly 15 maintained.

No fuel assembly cleaning or crud removal operations are planned on nitial loadings or retneval. These
operations are not necessary for storage 1 the NUHOMS. 24P system and would likely increase personnel
exposures during fuel loading The DSC will provide full comainment of all radioactive crud matenals
which are dislodged dunng the handling and or storage operations

4.4.1.3 Spent Fuei Loading

The layout of the spent fuel pool arca is shown in Figure 4-5 on page 4-28 through Figure 4.7 on
page 4-30. After the DSC transfer cask 1s lowered from the cask pit platform onto the cask loading pit
insert. 1FAs which have been qualified are loaded into the DSC. The components and equipment used for
this operation are descnibed below

1. Spent Fugl Pool Manipulator Crane - The spent fuel pool manipulator crane mast of its monorail
hotst is used 10 extract i. As from their pool storage cells and to lower them into the DSC. The spent
fuel pool manipulator crane is desenbed in Section 91422 “loading and Removing Fuel” on
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4415 DSC Unloading

442 DECONTAMINATION SYSTEM
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Decontamination of the transfer cask 1 performed in the decontamination pit. The transfer cask extenior
is decontaminated manually before removal from the fuel building by use of detergents and wiping cloths

Alse, the DSC top end shield plug is decontaminated in this manner prior to seal welding to the DSC
body.

It is not andcipated that either the extenor of the DSC or the inside of the transfer cask will become
comaminated. The DSCransfer cask annulus s filled with demuneralized water and sealed with an
inflatable seal. However, in the event that such comtamination occurs, the DSC ransfer cask annulus will
be flushed with demu eralized water until an acceptable lev ' is achueved

443 DSC REPAIR AND WMAINTENANC'

No maintenance is required for the DSC for its design it

444 TRANSFER CASK REPAIR AND MAINTENAICE

The function of the transfer cask is 10 ensure integrity of the DSC dunng applicable design basis accidents
and to provide radological shielding for the operators duning handhing and transfer operation
Coniinerment of radioactive matenals 1s provided by the DSC. Accordingly, a penodic maintenance
program has been established o ensure the proper operation of the cask valves, bolts, washers, o-nngs
and neutron shield pressure rilief valves. The lifing surfaces of the cask trunmons are periodically
mspected for surface detenoration

445 UTILITY SUP™LIES AND SYSTEMS

The design of the Oconee ISFSI is based on the NUHOMS-24P syster for storage of uradiated fuel
Fach module is a self -contained, passive system requinig no suppon systems during storage

However, the ISFSI is provided with a 480 208 120 VAC power supply for operation of the transfer
tratler hydraulic positioners, hydraulic ram site secunty equipment and hghting

Other electrical connections required for ISFSI physical security are described in the ISFSI Physical
Secunty Plan (Reference 3 on page 4-37)

446 OTHER SYSTEMS
4461 Communications and Alarm System

Details of the commumnication and alarm sysiem are provided in the Physical Secunty Plan (Reference 3
on page 4-17)

4.4.6.2 Fire Protection System

No flammable or combustibie materials are stored within ISFS! or ir its immediate vicinty and the 1SFSI
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 unlikely event of a fire at the ISFSI, the fire brigade will be dispatched from the
Oconee Station. The Oconee Nuclear Station Pre-iwe Plan (Reference 4 on page 4-37) will be revised 10
incorporate fire protection requirements for the 1SFSL
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4.46.3 Maintenance System

The 1SFS] requires no maintenance other than penodic inspection of the HSM air inlets and outlets and
removal of debris, if needed.  Spectfic inspection per.ods and their justification are discussed in Section
10331
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Figure 46,
Spent Fuel Pool Area
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TYPICAL CTROSS SECTION

Figure 47,
Spent Fuel Pool Area
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45 CLASSIFICATION OF STRUCTURES, SYSTEMS, AND
COMPONENTS

Table 4-2 on page 4-34 provides a List of major ISFS] components and their classification. Classification
of major components as “Safery Related” or “Radwaste Related” is based on the specific need for
component performance under acodent conditions However, desigration of specific components as
“Safety Related” or “Radwaste Related” is not the only basis for establishing whether any pan is
important 10 the safe operation of the ISFSI facilities

As listed in Revision 1 of the NUHOMS- 24P Topical Repon, Section 3.2. Reference | on page 4-37, the
NUHOMS reinforced concrete HSM including its foundation and DSC suppont structure, the DSC and
its interr.dl basket assembly, and the transfer cask are components considered imponant to safety. The
design cniteria for these components are provided in Section 1.2 and summanzed in Tables 3.2-1 through
3.2-9 of Reference | on page 4-27

The Dconee 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 .peration are controlled by 10CFR Pant 50 and NUREG-06i2 and are designed 10 ANSI
14.6- 1986 eritena for nonredundant yokes

As noted in Section 4.5.5, “Transfer Components” on page 4-32, all other components of the NUHOMS
system, including the transfer trailer and cask suppont skid, skid positioming system, and hydraulic ram
system are required 10 perform their function 1o successfully transfer a DSC to and from the HSM. hese
systems wre described 0 Reference | on page 437 with design sequirements further delineated in Section
455, “Transfer Components” on page 4-32 of this SAR

In addtion, the transfer cask, HSM, and DSC have been designed to meet very conservative design
critena .ncluding postulated conditions which envelop those which may result from the mechamstic failure
of the transfer system equipment. Design conditions such as cask drop acadent and jammed DSC have
been acluded even though there is no plausible way for these worst case events to occur. Conservative
bounding analysis for these conditions have been performed using minuoum matenal yield strengths,
strength reduction factors, and factors of safety in accordance with the stnngent requirements of the
ASME and ACI Codes. Fven when applying this conservative criteria considerable design margin for
these components and structures remains as evidenced by the analyus results compansons with acceptance
criteria contained in Reference | on page 4-37. Further, these compoaer. s and structures are fabricated
and construc. 4 to the ngorous standards and methods of the ASVIE and ACI Codes under a 10CFR 50
Appendix B Quality  Assurance Program These mclude matenal qualification, welding and
nondesiructive examination. and stnct surveillance and quality control mspection. The resulting high
integrity of the Transfer Cask, DSC, and HSM provide more than adequate assurance that the health and
safety of the public and plant personnel are protected

451 TRANSFER CASK

The transfer cask 15 considered Nuclear Safety Related (QA Coadition 1) since 1t performs pamary DSC
protection functions under centain transport acadent conditions. The transfer cask proposed for use w
DSC transfer operations is described in Section 1.3.1.3 of Reference | on page 4-37



4.5 Classification of Structures, Systems, and Components Oconee ISEST Safety Analysis keport

452 ODRY STORAGE CANISTER

The DSC is considered Nuclear Safety Related (QA Condition 1) since 1t performs eriticality control and
primary 1FA support functions as well as serving as the pnmary storage containment for the 1FAs. It is
designed 10 remain intact under all acodent conditions identified in Chapter 8, “Acaident Analyses™ on
page 8-1 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 B and the DPC
QA-1 Quality Assurance Program.

453 HORIZONTAL STORAGE MODULE

The HSM functions include shiclding, heat remo al, DSC support, and DSC tomado massile protection
The HSM 1s not considered Nuclear Safety Related since it performs no pnmary IF'A containment or
eniticality control functions. However, HSM functions are considered important to the safe operation of
the ISFSI and appropnate levels of documemation and control are applied. The concrete HSM is
designed 1. accordance with ACI 349-83 and the level of testing, inspection and documentation provided
dunng construction 1s in accordance winh the DPC QA-2 Quality Assurance Program.

As shown by Table 8.1-12 of Reference | on page 4-37, the maximum HSM concrete temperature for the
long term 70°F ambient storage temperature case in '44°F. This is less than the maximum permissible
conerete temperature of 150°F speaified by ACI 34°.85. The effect ¢f extreme ambient temperatures will
be to increase the maximum concrete temperature. He o ever, the methods used to calculate these
temperatures assurned that the extreme ambient tempe .0 res would remain constant until steady state
conditions can be establizhed within the HSM. In realn, . the extreme ambient temperatures will oceur
infrequently and will last for @ short duration wsufficient 1o cause steady state conditiors. Therefore, the
long term maximum temperatures for the HSM concrete easily meet the ACI 349 temperature hmitations

Coupled with the conservative reductions in concrete maienal strength used in the HSM design
calculations, the design entena utilized in Reference 1 on page 4-37 are adequate to cnsure that the HSM
will perform s intended safety function for all design conditions

Typical reinfoicing steel design for the HSM basemat, walls, and roof is shown in Figure 8.1-9 of
Reference | on page 4-37. The HSM reinforcing designs are m accordance with the ACI 349-85 Code and
are comparable to those previously reviewed and approved by the NRC for the NUHOMS-07P design.

454 FOUNDATION

The ISFS! foundation is designed, constructed and tested to the same design critenia and quality assurance
requirements as the HSM

455 TRANSFER COMPONENTS

The remaining DSC transfer components (ie. transfer cask trailer and skid, skid positionung system,
hydraulic ram system) are necessary for the successful loading of the DSC irto the HSM. As discussed 1n
Section 4.3, “Transfer System” on page 4-11, failure of these components would not endanger the health
and safery of the public or plant personnel. Theretore, transfer components are not considered Nuclear
Safety Related und are designed, constructed and tested in accordance with good industry piactices

4-32



Oconee ISFSI Safety Analysis Report 45 Classification of Structures, Sysiems, and Components

456 INSTRUMENTATION

The Oconee I1SFSI is designed to maintain & safe and secur:, longdtenn containment and storage
environment for IFAs using only otally passive components. Therefore, no Nuclear Safety Related
instrumentation 18 required for operation of ihe facilty. Instrumentation mnecessary 1o perform
DSC transfer cask dramning. purging and drying opesations consists of indnstnal grade pressure gauges
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457 TABLES
Table 42 Oconee ISFS! Maior Components and Classification
Transfer Cask Safety Related (1)
Dry Storage Canister (DSC) Safety Relared (0
Basket
Spacer Disks
Suppon Rods
Lod Shield Plug “upport (top and bottom)
DSC Body
End Closure Plates
Horizomal Storage Module (HSM) Radwaste Related (Y

Concrete Shielding
DSC Support Assembly

Foundatica Radwaste Related (4

Transfer Components Inidustnal Grade
Transfer Trailer/'Skid
Ram Assembly

Instrumentation Industrial Grade

Notes:

!

"

To ensure containment and criticality control under all applicable transmont accident conditions,
transfer cask components are designed, constructed, and tested in accordance with Nuclear Safety
Related requurements as defined by 10CFR 50, Apoendix B and the DPC QA-1 Quality Assurance
Program

. To ensure safe and secure, long-term comtainment and critivality control dunng transfer and storage of

IFAs, DSC components are designed, constructed. and tosted in accordance with Nuclear Safety
Related requirements as defined by 10CFR 50, Appendix B and the DPC QA-1 Quality Assurance
Program.

. Components which are not required to perform a safety function or mitigate the consequences of an

accidental radivlogical release comparable to 10CFR 100 site dose critena guide values are designed,
constructed, and tested in accordance with the DPC QA-2 Quality Assurance Program. Additionally,
the conerete HSMs and foundation are designed to withstand Safe Shutdown Earthquake seismic
forces and 1ormado mussikos so as to preclude any interaction with the DSC pressure boundary or loss
of shielding. Therefore, construction and nspection shall be in .ccordance witl the QA-2 Quality
Assurance Program

4
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4.6 DECOMMISSIONING PLAN

Decommissioning of the ISFS] will te performed consistent with decommissioning of the Oconee Nuclear
Station. This 1s predicated on the wbility of the federal government to accept spent fuel at the rates a 4
dates specified in the Nuclear Waste Policy Act of 1982, as amended. It 1s anticipated that the DSCs will
be transported to0 a federal repository when such a faality is operational However, should the sorage
facility not accept the DSCs mntact, the NUHOMS-24P svstem allows the DSCs to be brought back into
the spent fuel pool and the fuel reposttioned into the racks for loading into transpornt casks to be provided
by the Department of Energy.

All components of the NLUHOMS-24P system are manufactured of similar materials found in toe existing
Oconee Station (i.¢., reinforced concrete, stainless steel, lead). These components will be decommissioned
by the same methods in place to kandle similar me enals within the plant. Any of these components that
may be ~ontaminated will be ¢ :aned and or disposed of consistent with the decommissioning technoelogy
available at the tme of decommusioning

Although operation of the ISFSI will likely need to continue well bevond decommussioning of the Oconee
Nuclear Static .. the costs of decommissioning the ISFSI are expected 10 represc =t o w al' nd negligble
fractio, ~T 7ae cost of the decomnussioning the Oconee Nuclear Station. Reference  on page 437
submitted a schedule and justification for a decommussion plan which wili enenmpass decommissioning of
both Oconee Nuclear Station and the Qconee ISFSI in accordance with 10CFR 50.75 and' 10CFR 72 30,
The financial options for this plan were submitted on July 24, 1990 for the NRC review and approtal,
Reference 6 on page 4-37.

The radiological impacts due to postulated accidents or operation of the ISFS! are bounding for the
conditions when the ISFSI is fully operational. The collective dose to residents within one 10 two miles ¢
the ISFSI is based on capacity loading of 2112 spent fuel assemblies i 8% storage modules. The
occupational dose 10 site workers assumes radiation from an array of 2 x 10 modules loaded with dr
shielded casks cach containing 24 spent fuel assemblies. The cons-quences from acaidents are based ou
failure of 24 spent fuel assemblies contained in a di, shielded cask. The expected radiological impact due
to operation of the 1SFSI is much less than the regulatory limits specified in 10CFR 72104 and 10CFR
106(b) and the EPA Protection Action Guides. Furthermore, Duke intends 10 operate the Oconee ISFSI
for the %e of the licensed plant. It can be projected that once the spent fuel 1s removed from the 1SFSI
the radiological conseouences of decommissioning will acual'y be lower than that of operating the facility
Thus, the health and safety of the public are vot affected by tnis exemption request
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51 OPERATION DESCRIPTION

As a supplement 10 Sections 4.3, “Transfer System™ on page 411 and 44, “Operating Systems” on
page 4-21 of this repont and Section 5.1 of Reference | on page 515 which describe the transpont and
fue) loading systems and their operation, this chapter describes the actual operations which occur at the
ISFSI site after transfer of the DSC from the fuel building

5.1.1 NARRATIVE DESCRIPTION

The following steps describe the operating procedures which occur after the DSC has been Joaded with
irradia‘ed fuel assemblies and transferred 1o the ISFSI site. A more detailed desenption of HSM loading
steps 18 provided in Section 5.1.1.6 of Reference | on page 518

§1.1.1 Loading of the DSC into the HSM

I. Inspect all ar inlets and outiets on the HSM 10 ensure that they are clear of debris. Inspect all screens
¢n the air inlets and outlets for damage. Replace screens f necessary. Using an available yard crane,
completely remove the front access door of the HSM. 'nspect the intenor of the HSM and the DSC
suppon rail surfaces for obstructions or debns

to

Using an appropriate towing vehii'c position the transfer cask trailer assembly inside the gross
alignment marks on the HSM pad and move it slowly, toward the HSM until the docking collar is at
the mummum distance from the HSM opening 1o allow for cask hd removal

3 Using the optical alignment system, the targets on the transfer cask and HSM, and the skid
positioning system, adjust the position of the cask until the cask 1s properly aligned with the HSM

4. Unbolt and remove the cask hd and the cask bottom access plate
5. Move the cask against the HSM so that the docking cotlar is completely seated in the HSM recess

6. Secure the cask 10 the HSM using the cask restraint systemn and the anchors on the front wall of the
HSM.

Assemble anc align hvdraulic ram assembly with transfer cask trailler and secure in place. Recheck
alignment of the HSM, transfer cask. and ram assembly.

8. Extend the hydraulic ram toward the cask and activate the grapple to engage the DSC

9. Continue exiension of the hydraulic ram to move the DSC into the HSM. i the ram fails to extend
when the load on the hydraulic system is increased bevond 20,000 Ibs., or, if a sudden, large ncrease
in hydraulic pressure is observed, the DSC may be jammed or bound. If jamming 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 15 in the HSM, release the grapple from the DSC and retract the hruraulic ram arm
from the transfer cask

11. Disassemble and return the hydraulic ram to its transfer trailer and pull the transfer cask trailer a few
inches away frotn HSM

12 Lower the HSM front access door back into the door frame to within a few feet of the closed
position

13, Install seismuc restramnt
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14, Lower 10 the closed position and tack weld the steel HSM front access docr,
15. Measure the change in temperature between the HSM inlet and outlet air vents
16. Return all equipment 1o storage iocation® peuding delivery 1o ading of next DSF

§.1.1.2 Moritoring Operations

On & 24 hour frequency site personnel will visually inspect all air inlets of each loaded HSM for both
obstructions and screen dama,~ HSM air outiets will be monitored daily using site surveillance cameras
Obstructions and ‘or damage will be removed repaired imimediately. The ISFSI site will also be included in
the routine site patrols performed by Oconee s Secunty personne!

§.1.1.3 Fuel Identification and Accountabllity

In compliance with NRC regulations, accountability records for all fuel assernblies transferred 1o, 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 labels are necessary for the individual storage locations
Unigue storage location symbols will be admmnistratively assigned to each of the 24 DSC storage cells
This is similar 10 the method which is currently used 10 track assembly locations within the spent fuel
pools. Unigue identifications will be assigned 10 the HSMs, and will be labeled on the HSM extenior. This
visible physical identification 1n combination with the administrative assignment of cell storage locations
within the DNC, and a unique serial number stamped on each DSC, will allow for the positive
identification of the locations of all ISFSI spent fuel assembhes.

Once @ DSC has been inserted into @ HSM, the door will be lowered and tack welded into place. These
tack welds will sufficiently indicate any attempts at tamperiag as required in ANS! 57.9-84

Unique identification of the transfer cask will not be required since only one transter cask is to be used
This 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 mantained
at all times dunng the loading, transport, and storage of spent fuel assemblizs.

§.1.1.4 Unloading the DSC from the HSM

1. Ip pect the front acvess components of the HSM and cut tack welds on HSM access door. Remove
cask hd.

Positv : the cask trailer assembly so that the docking collar is at the minimum distance from the
HSM 10 allow for opening of the HSM front access door.

L

3. Using the optical alignment system, the targets on the transfer cask and HSM, and the skid
positioning system, adjust the position of the transfer cask until the transfer cask is properly
positioned with respect to the HSM

4. Using an available yard crane, raise the front access door of the HSM just high enough to access the
seismic restraint.

o

Remove seismic restraint

Remove the HSM access door from the support rails

- >

Move the transfer cask against the HSM so that the docking collar is completely seated in the HSM
recess

&4
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8. Secure the tremsfer cask 10 the HSM, using the cash restraint system and the anchors on the front wall
of the HSM

9. Align hydraul.c ram assembly with transfer cask trailer and secure in place. Recheck alignment of
HEM, cask and ram assembly

10. Recheck the cask and ram alignment to ensure it is properly positioned with respect to the HSM

11. Extend the hvdraulic ram through the transfer cask o the HSM and activate the grapple 1o engage
the DSC

12. * iract the hydraulic ram to move the DSC out of the HSM and wto the transier cask. If the ram
fails 10 retract when the load on the hydraulic system 15 increased bevond 20,000 1bs., or if & sudden
large increase in hydraulic pressure 15 observed. the DSC may be jammed or bound. If jamining o
binding 15 suspected, corrective actions as deseribed in Section 8.1.1.4, “Comrectiv: Actions” on
page 8-3 will be apphed

12 When the DSC is in the transfer cask. release the grapple from the DSC and retract the hydraulic ram
arm from the transfer cask

14. Replace the top hid and bottom access plate on the transfer cask and move all hydraulic equipment
away 10 allow for transfer cask trailer movement to appropriate location for DSC removal or offsite
shipment.

§1.2 FLOW SHEET

Loading and unloading operations are illustrated in Figure 5-1 on page 5-7

5.1.3 IDENTIFICATION OF SUBJECTS FOR SAFETY ANALYSIS
§.1.3.1 Criticality Prevention

Crincality in the NUHOMS-24P DSC s prevented through a combinaton of geometncal separation of
the fuel cells, neutron absorpiion in the cell walls and administrative controls on fuel pool soluble boron
concentration and the selection of fuel 10 be stored i the DSC. The DSC basket males use of two
material thicknesses 1 the cell walls as well as some over-sleeves at the top and bottom of intenor cells to
accommodate sufficient neutron absorption with qualified fuel assemblies. While the DSC deagn features
will be essentially fixed, the selection of fuel for storage will be a variable. Admimistrative ¢ontrol of fuel
selection will be ncorporated into plant procedures. Further discussion of these controls and procedures
are provided in Sections 44, “Operating Systems” on page 4-21 and 10.2, "Development of Operating
Controls and Limits” on page 10-5 The cnticality ac.alvais for the NUHOMS-24P System can be found
m Section 3.3.4 of Reference | on page 5-15

5.1.3.2 Instrumentation

The proposed ISFSI is a system requining no instrumentation for radiation, temperature or criticality
considerations

5.1.3.3 Maintenance Techniques
Due to the passive nature of th* proposed ISFSI the only maintenance on the HSM will be penodic

surveillance of the ar inlet and outlet vents to insure continued air flow. Routine maintenance on the
transfer cask will also be performed to maintain integnty of top hd, bottom access plate and trunnions

L8
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§.1.3.14 Administrative Controls to Limit DBT Effects

Administrative controls for limiting transfer operations due to potential tomado weather conditions will
not be reguired. The transfer cask in transit has been evaluated for tomado wind speeds and DBT effects

in accordance vith 10CFR Pant 72 and was found to be enveloped by the evaluation for a design basis
cask drop acaicent
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CHAPTER 6. WASTE MANAGEMENT

No radioactive wastes are generated dunng the storage life of DSCs. Radioactive wastes generated duning
loading operations are treated using existing station facilities and procedures

Comaminated pool water removed from loaded DSCs will normally be drained back into the spent fuel
poo! with no additona) processing A small amount (< 15 CF DSC) of higuid waste results from transfer
cask  decomamunation.  The decomaumination procedure  results in & small aoount of @
detergent demuneralized water mixture bemng collected in the Cask Decontamination Pit. Liquid wast:s
collected in the Cask Decontamination Pit are directed 10 the Station Liquid Waste Management System
(L WM for processing

Potentially comtaminated air and henum purged from the DSC following DSC loading and seal welding
operations are directed 10 the Auxibiary Building Ventlation Air System (VA) at a point upstream of the
1 uel Building HVAC filer units and radioactive effluemt monitor Purged gases processed with the 1uel
Yuillding HVAC filter units are released from the unit vent and will meet station release requirements
This 1s the same procedure currently utilized for shappitig cusk operations

A small quantity (= 5 CF DSC) of Jow level sehd waste 1 generated as result of DSC loading operations
and transfer cask decontamination. The sobd waste generated 18 processed by compaction of inaneration

using appropriste facilities. This Tow level waste consists of disposable Ant-C garments, tape, blotter
paper, rags. ey

Descriptions of the | WM, VA and VR Systems are provided in Chapter 11 of the Oconee FSAR
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7.1 ENSURING THAT CCCUPATIONAL RADIATION EXPOSURES
ARE ALARA

711 POLICY & ORGANIZATIONAL CONSIDERATIONS

Duke Powei Co. Radiation Protection and ALARA policies are descnbed in Chapter 12, “Radiation
Protection” on page 12-1 of the Oconee FSAR (Reference 1 on page 7:35). These policies will be applied
10 the Independent Spent Fuel Storage Facility. Duke Power is committed 10 a strong AL ARA program
in design and operation of nuclear facilities. The ALARA program follows the general guidelines of
Regulatory Guides 1.8, 8% %10 and 10CFR 20. Plant and design personnel are trained and updated on
ALARA practices and dose reduction techniques. Design and implementation of systems and equipment
are reviewed 10 insure ALARA worl, on all new and modification projects. The basic ALARA Program
consists of

1. The Duke Power Company ALARA Manual

2 continued surveillance and evaluation of in-plamt radiation and contamination conditions, as well as
the monitoring and control of the exposure of personne’, by the station and general office radiation
protection staff,

1 an ALARA Committee at rach station consisting of management and representatives from all groups,
including liwison from the general office radiation protection stafl. whose purpose is 1o conduct and
appraise the effectiveness of the ALARA program &t the nuclear facility

The commitivc members ha - extensive background in nuclear plant radiation and exposure control,
including such areas as lavout, shielding. pessonnel access, ventilation, waste management, monitonng
systems, operations, and maintenance

Although upper level management 15 vested with the primary responsibility and authonty for
administering the Duke AL ARA program. the responsibility for ALARA 1s extended through lower
management 10 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 manual ensures that

I An effective ALARA program s administered at the Oconee nuclear station that . . dately
integrates Duke management philosophy and NRC regulatory requirements and guidance.

2. Facility design features, operating procedures and maintenance prac.ces are in accordance with
ALARA program guidelines; and that written reviews of the on-site radiation control program assure
that objectives of the ALARA program are attained

3. Pertinent information concerning radiation exposure of personnel from other utiliies and research
work are reflected in the design and operation of the Duke Facility

4. Appropnate expenience gained during the operation of nuclear power stations relative to in-plant
radiation control is factored into revisions of procedures 10 assure that the procedures continually
meet the objectives of the ALARA program

§ Necrsary assistance 15 provided to insure that operations, maintenance. and decommissioning
activities are planned and accomplished in accordance with ALARA objectives

7.3
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6. Trends in station personnel and job exposures are analyzed in order 10 permit corrective actions 10 be
taken with respect 10 adverse trends.

Reponts of the findings of the general office and station radiation protection staffs are also effectively
conveyed 10 management.

Speafic responsibilities of station personne! are 10 ensure that
1. Activities are planned and accomplished i accordance with the objectives of the ALARA program.

2. Procedures and their revisions are implemented in acecrdance with the ob,setives of the ALARA
Program

3 The general office radiation protection stafl s consulied a¢ necessary for assistance in meeting
ALARA program objectives

Other group and individual responsibilities 10 the ALARA program are outhired in Section 11 of the DPC
ALARA Manua!

The primary goal of the radiation protection and ALARA programs is 10 minumize exposure to radiation
such that the 1ota! exposure 10 personnel in all phases of design, construction, operstion and maintenance
are kept As Low As Reasonably Achievable. This is achieved by imegrating ALARA concepts into
design, construction, and operation of faclities. The radistion protection program identifies the positions
and responsibilitics of panticipating ~rganizations i conducting these programs

Trained personnel adequate to develop and conduct all necessary radiation protection and ALARA
programs are provided These persounel are tramed 10 assure that ol procedures sre (ollowed 10 meet
company and regulatory requitements.  Training programs i the basics of radwation protection and
exposure control are provided to all facility personnel whose duties require working in radiation arcas.
Design personnel responsible for design of systems and equipment in the radiation aca are traned in
ALARA design techniques and the fundamentals of dose reduction.  Radiation Protection persornel are
provided traimng 10 improve their performance in implementing the radiation protection programs. All
persorne! are retrained as neaded to update practices to current state of the an methods

The administrative organizatior, is responsibly for and has apprupnate authonty for assunng that the three
basic objectives of the Radiction Protectuion program at Oconee Nuclear Station are achieved These
objectives an 10

1. Protect personne!

2. Protect the public

1. Protect the station
Protection of Personuel. includes surveillance and control over internal and cxternal radiation exposure

and maintaining the exposure of all personne!l within permissible hmits and as low as easonably
achievable (AL.ARA ).

Protection of the public. includes surveillance and control over all conditions and operations that may
affect the nealth and safety of the public. Included are such activities as radioactive gas, hquid and solid
waste disposal, shipment of radivactive materials, an environmental radioactivity montonng plan and
maintaning portions o, the station emergeney plan

of the Faality, inciudes monitonng 1o wam of possible detnmental changes and exposure
hazards, 10 determine changes or improvement needed, and 10 note trends for planning future work,

7.4
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This admunistrative organization is also responsible for and has appropnate authonty for mantaining
occupationsl exposutes as far below the specified himits as reasonable achicvable by assunng that

- Station personnel are made aware of management s commitment to keep occupational exposures as
low as reasonably achuevablc,

Vormal reviews are performed penodically 1o determine how exposures might be Jowered,
There is 1 well-supervised radiation protection capability with specific defined responsibilities.
Station workers receive sufficient truning:

Sufficient suthority to enforce sufe station operation is provided,

. Modification 10 operating and maintenance procedures and 1o station equipment and facilities are
made where they should substantially reduce exposures at a reasonable cost,

CThe radiatic: sotection staff understand the ongans of radiation exposures in the station and seek
ways 10 reduce Laposures.

8. Adequate equipment and supplies for radiation protection werk are provided

The Ststion Manager s responsible for the protection of all persons against radiation and for compliance
with NRC regulations and license condivons  This responsibility 15 in tum shared by all supervisors
Furthermore, all nersonnel are required 10 work wfely and o follow the regulations, rules, and procedures
that have been established for theyr protection

The Duke Power Company Technical System Manager - Radiation Protection establishes the Radiation
Protection Program including the program for handling and monitonng radioactive matenial for Oconee
that is designed 10 assure cor pliance with apphcable regulations, techmceal specifications, and regulatory

udes. This person wlso provides technical guidance and suppon for conducting this program, reviews the
+ sctiveness and the results of the program and modifies 1t as required based on expenence end regulatory
changes, 10 assure that occupational radiation exposure and exposuzs 1o the general public are maintained
as low as reasonably achuevable

Th  Technical System Manager also provides technical assistance to the Vice Presdent. Nuclea
Production. who has nanagement authonty to implement the “as low as reasonably achievable”
(ALAKA) occupational exposure policy, 10 which Duke Power Company is committed

The Radiation Protection Manager at Oconee is responsible for conducting the Radiation Protection
Program that has boen established for the station, including the ISFSL The Radiadon Prote.. .n Manager
has the duty and the authority 10 measure and control the radiation exposure of personnel; 1o
continuously evaluate and review the radiclogical status of the station: 10 make recommendations for
control of elunination of radiation b azards: 1o awure that all personnel are truned in radiation protection;
1o assist all personnel in carrying out their radiation protection responsibilities; and 10 protect the health
and safety of the public both on-site and in the surrounding arca

In order 10 achieve the poals of the Radiation Proisetion Program and fulfill these responsibiiities for

radistion protection; radiological monitonng, survey and personnel exposure control work are performed
on & contmuing basis for station operations and maintenance including the ISFSI

7.1.2 DESIGN CONSIDERATIONS

The design of the DSC and HSM comply with 10CFR 72 concerning ALARA considerations. Specific
considerations that are directed toward ensunng ALARA are
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Thick eoncrete walls on the HSM to reduce the surface dose 1o below an average of 20 me'he. The 20
iillirern per hour dose mate was the approved maximum for HSM wall dose rates in the
NUHOMS07P Tupcal Repont. Actual calculated HSM wall surfuce dose rates are below 10 millirem
per hour except & ent and Joor openings The HSM shielding design was deemed ALARA
conndening construction costs, hea! dissipation, and access requirements. Also. refer 10 Section 7.1.2
of Reference 2 on page 738 for the oasis of the average 20 millirem per hour HS™M contact dose rate
Additional shielding analysis i included i Section 7.3.2.2, “Shielding Analyss” on page 7-12 and
Table 7.3-2 of Reference 2 on page 1-38

Lead shicld plug on the ends of the DSC 1o reduce the dose 10 workers performing drving, sealing,
and loading operations

Use of & shielded transfer cask for handling and transportation operations of loaded DSCs.
Fue! Joading procedures which follow accepted practice and builld on existing expenience

Recess in the HSM fromt for the transfer cask 1o fit ino so as 1o reduce scattered radiation dunng
transfor

Double scal welds on each end of DSC to provide redundant radivactive matena contanment.

Placing clean water in the transfer cask and DSC and sealing the DSC aran fer cask annulus to
prevent contamination of DSC extenor during loading

Placing external shaelding blocks over HSM air outlets to reduce direct and streaming doses
Passive system design that requires mimmum maintenance
Insertion of internal shuelding Mlocks around air inlets to redues duect and streaming doses

Use of ponable shickding dunng DSC drving welding operations to hmit streaming from top end
shield plug DSC annulus. The portable shield used during DSC closure operation 10 Lirnit streaming
from top end shield plug DSC annulus consists of 2.0 inches of Bisco NS-1. or equivalent, as shown
in Figure A2, Appendix A of Reference 2 on page 7-35 The portable shield will be put wi place 10
minumize doses dunng direct-access operations such as top shigld plug automatic welding sctup
draining and drying operutions, and setup of automa‘ic welding equipment for the top cover plate
The portable shield will incorporate provisions to facilitate access to the drain and fill ports but may
not be necessary dunng automat.d welding operations

To minimize scatter @ the HSM door during DSC loading, the top of the transfer cask docks into a
recess in the HSM access door opening.

Use of existing shipping procedures and expenence 1o contiol comamination duning handling and
transfer of fuel

Leaving water in the DSC cavity and DSC aransfer cask annulus duning welding operations as long as
possible to reduce streaming through the gap. The water level in the DSC transfer cask annulus is
lowered 10 approximately S to 10 inches below the 1op of the DSC shell. The water level in the DSC
cavity is lowered 10 approximaetely 4 inches below the bottom surface of the top end shield plug
These levels are maintained during shield plug weiding operations. The remaining water in the
annulus 1s not dradned until after the cask cover plate 15 bolted into place

Providing a large control area around the ISFS] and locating the facility well away from normally
occupied arcas.

Operation of the ISFST will be performed under the Radation Protection program of the station as
deseribed in 7.1.1, “Policy & Organizational Considerations” on page 7-3
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7.2 RADIATION SOURCES

7.21 CHARACTERIZATION OF SOURC.S

This ssction deroribes the design basis radistion sources and source geometries used for the 1SFSI
shre!ding caleulations

Neutron and gamma sources are develop .1 based on the reference irradiated fuel assembly described in
Tible 141 on page 147, The reference fuel assembly is assumed 10 be irradisted 10 & burnup o! 4 000
mwd miu and cooled 10 a decay heat rate of less than or equal 10 066K % before being stored 1 the LY.
The mitial ¢ schment considered is 4.0 weight percent L2385 The source terms include the irmadisted
fuel. activated portions of the fuel assemblics and deposited activity from corrosion products 0 the reactor
coolant. All primary sources are considered 10 be ongnating in he fue! with secondary gammas generated
i the shielding conmidered by the shuelding codes used

The detailed calculation of gamma ray group fractions provided in Table 7.2-2 of Reference 2 on
page 7-35 is summarized in Table 7.1 on pege 7410

The fae! regon is modeled as 8 homogencous vylinder Yor shiclding calculations as shown in the model
geometry descriptions. The homogenons source over the actuve fuel regon includes fission product,
actimide < nd Lgt  ament activation product sources. The burnup distribution is assumed flat along the
aial and radid exent of source. This modeling techmgue 1« used in all shielding caleulations except
supplementar: caleulations performed subsecient 10 1SES] operation. The supplementary calculations
use & hetsrogeneous sousve distribution 1o demonstrate the effact IFA end fiting and plenum region light
element activaten and reduced self-shiclding have on localized TC surdace dose rutes

Addisional details of the radiation source terms and dose conversion factors used in ISFSI] shiclding
analysis are provided in Secuon 7.2.1 of Reference 2 on page 735

7.2.2 AIRBORNE RADIOACTIVE MATERIAL SOURCES

The DSC is double we.l welded 10 prevent any gaseous reled se of matrial dunng storage. The possibility
of release during fue! handling in the spent fuel pool is covered in the accident walysis. The other possible
source of airbome radioactive material is the outside surface of the DSC. This surface is protected from
contamination whi'e the DSC s in the fuel pool by filling the annulus between the DSC and the transfer
cash -1 wemmeralizec water and sealing the annulus 10 prevent pool water from coming in contact with
the outside surface of the DSC. This prevents any significamt accumulation of potential airborne sources
on the canister The outside surface of the transfer cask 1s considered 1o be contaminated upon rem
from the fuel pool and will % “leaned and swiped to be sue no unacceptable contamnation remamns
before leaving the fuel builaing.

Cask venting releases are directed 10 the fuel pool HVAC units upstream of the HEFA and carbon filter

units. The filtered gas 1s ultimately released through the unit vent afier 1t is monitored by both the spent
fuel pool storage arca HVAC monitor and unit vent monstor
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7.3.1 INSTALLAT!2N DESIGN FEATURES

7.3.2 SHIELDING

7.4.21 Radiation Shielding Design Features
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1.8% Arcas where the lead thickness falls below 3 38* are covered by an additional | 4* thickness of
stainless steel neutron shield jacket 10 compensate for the reduced gamma shiclding effectiveness of the
lead

The HSM provides shielding in both the radial and axial directions during the storage phase Thirty six
inch thick, portland cement, concrete walls and roots provide neutron and gamma shielding The module »
front end opening is covered by a three inch thick carbon steel door with a neutron shield

Openings 1o the HSM interior are placed above the end shield regos. nd not directly over the active fuel
region. Sharp duct bends and concrete shuelding caps over the exhaust exits assure that rediation streaming
is reduced 10 a rmunimum. Figure 71 on page 7-15 shows detads of the module penetrations and
locations of doses reported in Table 7-2 on page 7-14

Ponable shielding during handling operation: may be applied dunng specific handiing  operations
However, Section 74, * f«imated On-Site Collective Dose Assessment” on page 717 provides an
assessment of design basis ou-site doses without the use of portable shueiding

7.3.2.2 Shielding Analysis

This section describes the radiaton  shielding  analytcal methods used 0 calculating  relevant
NUHOMS: 24P system dose rates dunng the handling and storage phases. The dose rates were caleulaid
a the locations listed in Table 7-2 on page 7-14. Figure 7-1 on page 7-13 shows these locations on the
HSM, DSC and transfer cask. The three computer codes used for analysis are described below

Computer Codes ANISN (Reference 3 on page 7-35), a one-dimensional discrete eedinates transport
computer code, was used 10 obtain neutron and gamma dose rates at the outer HSM wall, centerline of
DSC end plug. and outside the loaded transfer cask. The CASK (Reference 6 on pape 7-35) cross section
library, which contains 22 neutron energy groups and |8 gamma energy groups, was apphied in an 8P, or
S,.P; approximation  Calculated radiation fluxes were multiplied by flux-to-dose conversion factors 10
obtgin final dose rates The ANISN calculations used coupled nenwon and gamma hbranes. Therefore,
both primary and secondary gammas are calculated it each run

QAD-CG (Reference 4 on page 7-35), & three-dimensional point-kemel code. wa. used for direct gamma
shicling analysis of the HS™M door, the DSC and vansfer cask end sections. the DSC transfer cask
annuws, and the HSM air vent penetrations. Mass attenuation, and buildup were all obtained from
QAD-CG's internal library for eight energy groups. The gamma encrgy spectrum was dewermined in the
same manner as the ANISN analyss

Shiclding analysis results are summarnized in Table 7-2 on page 714 Additiona! details regarding
methods, models and assumpticas used in ISI'S] shiclding analyses are provided in Section 7.3 of
Reference 2 on page 7-18

A o milar version, QAD-CGGP, 1s used in supplementary calculations performed 10 determine the level ol
localized gamma dose rate peaking which may occur over areas of the TC surface corresponding to 1FA
end fitting and fuel pin plenum axial elevation.. Gamma sources and specira for the vanous [FA source
regions modeled (i.¢.. active fuel, upper and lower end fittings. and upper and lower fuel pin plenums) are
determined in the same manner as i ISFS] shielding calculations desenbed in Section 7.3 of Reference 2

on page 7-35.

12 KEN: (M JUNE 1991



Oconee ISEST Safety Analysis Report

733 TABLES

7.3 Radigtion Protection Design | eatures

ql"



1 ] s -~
i o 2
T3 Radisgtion Protection “'Myh b entures Oconee 1SS Salety Annlysis Hq‘.uq
Y
1 ubde 7.3 Shelding Anrly s Result
SNeutron HDos Cemmma Dose Rate (mr /iy
Fotal Dhomu
I Mate tmr ' Frimary and Secondan Rale
Lacation I hirect Reflected Direct Reflected wr '
! !
| ] }
‘ !
| }
NR
- ! K)*®
}
- } ¢ v
"
ol s
\ '
T
IR
714 REN (30 00N 1990




Oconee ISFS] Safety A sis Report 7.3 Radistion Protection Design Features

7.24 FIGURES

L -.o‘oL-

\

t
|
z ._

LOCATION CF DOSE RATES
REPORTED IN TABLE 7.3 1

Figure 7-1. Location of Dose Rates  Reported in Table 7-2 on page 714
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7.4 ESTIMATED ON-SITE COLLECTIVE DOSE ASSESSMENT

7.41 OPERATIONAL DOSE ASSESSMENT

This section catablishes the expected cumulative dose delivered 10 site personnel dunpg the fuel handling
and transfer activitios associated with one NUHOMS- 24P module. Chapter 5. “Storage System
Operations” on page 5-1 deseribes i detail the ISFS] operational procedures, & number of which involve
radiation exposure to personnel

The storage facility is surrounded by a large open arca for operational and secunty purposes. Access 10 the
storage modules 15 restnicted such that for normal operation, no access closer than 50 feet i allowed
except for secunty purposes. Fxcept dunng penods of additional module const -~ tion, there is no adjacent
work area close by, so very little dose 1s received from fuel in storage Access 1s primanly needed 10 load
new camsters inte storage modules and dose from previously stored fuel will be received dunng these
operations.  The occupational exposure received duning DSC transder operations is included in the
operational dose assessment sutnmanzed in Table -1 on page 7-19. The occupational dose estimates
provided in Tablr 3 on page 7-19 are calonlated using reference fuel assembly charactenstics (sec
Table 1-! on page +7) and other site-specific parameters. Dose contributions from hidden module scatter
effects and self shuelding for an &% loaded module array are included in the Table 7-3 on page 7-19 results
for DSC transfer operations. The dose received for other operations performed within the HSM storage
fucihity secured arca 1s negligible

The phased construction of modules up 10 the hcensed capacity of 8% will be undertaken on an as-needed
basis considenng required lead ume, station operation and construction schedules  Increments of
additional module construction are flexible. Duke expects 10 construct an average of 4 to 5 additional
modules per year (considering normal station discharge rates) until the ultimate boensed capacity of &8
H5Ms s reached. Construction work performed subsequent to the loading of any HSM with spent fucl
will result in worker exposures from direct and sky shine radiation in the vicinity of the loaded HSMs.

Duke plans 10 locate additional storage units beside the existing units 1o eventually form an effcctive 2 x
44 arrwy of imodules upon completion as shov.n i Figure 4.3 on page 4:26. in this manner, dose 10
construction workers will be minimized since the dose rates along the side of the HSM are much lower
than those at the front of the module where “here are vent openings Construction matenals will be staged
away from the adjacent loaded HSMs, and very Iittle work will be done in the lugher dose rate arca in
front of the HSMs. Also, it 15 expected that new HSM construction will be commenced before all the
existing HSMs are filled. Therefore, the HSMs adjacent 1o the new construction may be empty dunng
some or most of the construction phase  The construction area will be surveyed prior to beginmng work
10 ascertain actual dose rates and temporary shielding may be provided f needed to lower any
unacceptable dose rates. The most significant dose rate contnibutors 10 the construction area are the inlet
and exhaust vent operungs. These dose rates may be reduced using temporary shielding screens around the
vents near the construction area. After the conerete is placed for the additional modules, the additional
shielding will further reduce dose rates

The dose estimate for additional construction 1s based on labor cost estimates for a 2 x 10 module array
It 1s assumed that 60 percent of 1+ labor hours are expended in the radiation area and the prefabrication
work is done in low or no dose arvas. Table 7-4 on page 7-22 summarnizes expected construction doses by
task

2.17




4 Fstimated On Site C ollective IDima Assessmoent (densee ISEST Satety Ay s kl'l'l"

742 STORAGE TERM DOSE ASSESSMENT




Oconee 1SES] Safety Analysis Report 74 batimated On-Site Collective Dose Assessmen

743 TABLES

Tabde 73 (Page | of 1) Summary of Estimated ()n-.'izc Doses Resulting from ISESI Operations''’
{(Per DSC Transier 10 HSM)

Ave. Dist.
From Cask/ Total
Number DSC/Cask Dose Personnel
of Time o Surfate Rate Dose
Operation Personnel (Hours) (Feet) (mM 'Hr) (P-mR)
Location Fuel Pool
Load 1 uel into DSC 3 . GAN P n
Place Shiclded End Plug P, 08 GA p. P!
on DS
Loceuon: Cask Handling Area
Decontamunate and Survey i 2 k Side s 210
Surface of Cusk
Lower Water Level in DSC 2 0,28 1.8 F D Pont 4% 24
Cavity and DSC 1 ransfer : 3 GA 3 K

Cask Annulus

Tack Weld Top End Shaeld | (.25 1.5 Top Fdge 45 12
Plug 10 DSC

Set up Automatic Welder
and Seal Weld Top Fnd
Shield Mug 10 DSC

Performn Dye Penetrant Test | 0.5 1.5 Top Edge 4% 24
on Welds

18 1.5 Top Fdge 4% |44
OA : 12

r ro
-

Remove Remauung Water P, 0.25 I.SF D Pont 55 27
Vacuum Dry DSC Cavity 2 378 GA 2 15
Backfill DSC Cavity With Hebum 2 08 GA e ¢

Helium Leak Test ] 08 1.5 Top Edge 6l 3

Seal Weld Vent Siphon Ports 3 | 1.5 F D Pon 6l 122
Perform Dye Penetrant Test | 0.25 1.5 Top Edge 6l 15
on Welds

Install Top Cover Plate P 0.25 1.5 Top Edge 61 kY

Weld Top Cover Plate 10 DSC P, 0,38 |8 Top Edge 61 431

é 265 GA 2 11

e e e e i e SR et

719



74 Estimated On-Site Collective Dose Assessment

Oconee ISFST Sutety Anady sis Report

Table 7.3 (Page 2 of 3). Summary of Eimated On-Site Doses Resulting from ISFSI Operations''

(Per DSC Tramsfer (o HSM)

Ave. Dist,
From Cusk/ Total
Number DSC/C nsk Daose Personnel

of Time o Surface Rate Daose
Operation Personn. (Hours) (Feet) (mR/Hr) (P-mR)
Perform Dyve Penctrant Test | 0.8 1 5 Top Edge 61 1]
on Weld
Remove Seal. Drun Cask DSC b 0.7% 1.5 Top Fdge 151 227
Annulus and Swipe b, 328 GA 2 13
Install Cack Head and Bolt 3 0.5 1.5 Tem Edge LR L
Into Place
Lower Transport Cask 1o Skid P, 1 4 Side 120 240
and Traler 4 2 K Side 67 536
Location: Trailer HSM
Attach Skid: Tiedown 10 Trales 2 0.2 1.5 Side 210 5
Transport Cask to HSM ! I 8 Side 67 67

i | GA - 6
Remove Cask Head. Bonom 2 0.8 1.5 Bot Top G G0
Cover Plate and Position Ram
Align Cask with HSM and 3 1.5 4 Side 120 720
Install Cask Restrants
Transfer DSC from Cask 4 (.5 4 Side 120 240
1o HSM
Install Seismic Restraint 2 0.08 1 DSC Top 760 122
Close and Tack Weld HSM ] (.28 4.5 HSM 23 6
Doar
Radiation Protection Survey ] 1 1 HSM 5 §
of HSM
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Summary of bstimated On-Site Doses Resulting from 1SS Operations
e TLRY

Ave, D
From s otal
Numbeer DSC /0 a8 I domw Personnel
of Surface Rate 1o
P ersonne ) (Feet) (mk/Hr) (FmR)
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Table 7-4. Do Estimate for Construction of Additional Horizontal Storage Modules Based on Labor
Estimates for 2 X 10 Array

i T Hounsin  Aveage  Masioum | Tod
Number Radiation Dose Rute Indiv dose Task Dose
Tk Workers Ares (mRem/hr ) (P-mRem) (P-mRem)
Survey PIETREE EE SIRN 28 100
Fxcavetion 4 192 P ut, wa
Concrete Basemat K 192 b, ax ALK}
Forming Scaffolding Rebay - Kdur 2 2124 16992
Crane Operation ] o | 192 192
Steel Installation 5 1920 | 240 1920
Welding | A0 f 30 0
Survevors (seel) R 67 ] 42 167
Crane Operation (steel) | 78 ! 75 18
Pain 5 96 | 12 ¢,
Clean up : 42 | 21 4.2
TOTALS 11354 20379

Fstimated dose module constructzd = 1.02 Person Rem

Estimated mudmum individual dose module = 106 Person mRem
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7.5 RADIATION PROTECTION PROGRAM

The 13FSI is to be located adjucent to the Oconee Nuclear Station within the Owner Coatrolled Area
The Oconee Nuclear Station Radiation Protection Manager will have responsibility for Radiation
Protection activities at the ISFSI

The Radistion Protection and ALARA programs are discussed bnefly in Section 7.1.1, “Polcy &
Organizanonal Considerations” on page 7-3 and will be as discussed in the Oconee Nuclear Station
FSAR, Chapter 12. Detailed discussions of Radistion Protection and ALARA are contamed in Duke
Power Company's Health Physics and ALARA program manuals

Radiation protection requirements for all radiological work at the Oconee Nuclear Station 1s govern. '
existing station directives, the Oconee Radiation Protection Manual, and station rediation prote  on
(K P.) procedures. R.P. practices for DSC loading, transfer, storage, montonng, and retneval wii  also
be based on existing procedures, as well as on current and anticpated conditions when the task 18 ) be
performed. These procedures include, but are not himited 1o, the following

1. Procedure for personnel dosimetry issue

rJ

lssuance, revision. . crmiration of radiation work permits and <« wung radiation work permits

t

Procedure for roping off. barncading, and posting of radiation controd zones

>

Decontamination procedure for equipment and areas

P

Smear swab sampling. counting, and caleulation

6. Procedure for quantifying wirborne radioactivity

Radiation Protection ALARA preplanming work

In addition. the Radiation W _ak Perm' » for the maintenance and fuel hanling tasks associated with DSC

soerations will incorporate radiclogical hold points and precautions, where necessary, 10 ensure these
activities are performed in a radiological safe manner and are ALARA

Procedures and equipment for personnel in decon’ smination operations are in placy at'Oconee and will be
utilized as needed for ISFSI operations.
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7.6 ENVIRONMENTAL MONITORING PROGRAM

The current radiological environmental monitonng program for Oconee Nuclear Station will also serve as
the operational program for the ISFS]

No liquid or airborne effluents are anticipated from the HSM. Therefore, the dose to any offsite point
will only be from direct and scattered gamma radiation. Several environmental sampling locations for
direct radiation are presently located at the Oconee site boundary surrounding the ISFSIL The closest of
these is less than 0.3 miles from the ISFSI, well within the |-mile exclusion area boundary. In addition,
the dose rates &t the ISFSI will be monitured penodically with fence-mounted dosimetry as pan of the
Oconee routine radiological monitonng prograni. This will be used 1 part to control occupational
exposures and will aiso av: nent the environmental program

As a result, no changes to the environmental program are anticipated
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7.7 ESTIMATED OFF-SITE COLLECTIVE DOSES
Doses 10 any offsite point are only from direct and scatter gamma radiation from the storage modwe The

estimated dose from the modules to any dose point beyond the site boundary 15 well below regulatory
limits even when cotabinad w ith station doses for both arborne and direct gamma dose

The ISFSI is siuated approximately | mile from the exclusion area boundary. The estimated maximum
dose rate in any direction @t 5000 feet for up 1o an 8% module arrar  “ HSM ¢ as provided by Figare 7-2
on page 7-24 through Figure 7-4 on page 7-26 is less than 1.0 x 10° mr'hr. The estimated annue! dose
to the public 1s conservatively calculated as 7 person-millrem per year. The maximum dose 10 the nearest

potential future resident from the ISESH s 7.58-2 millirem per year
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s - B A, T . O A A o A W A S SO0
CHAPTER 8. ACCIDENT ANALYSES

In previous chapters, featuies important to safety have been identified and discussed I'he purpose of this
chapter 1s to identify and analyze a range of sredible accident occurrences (from minor accidents to the
design bssis acaidents) and their causes and consequences. For each situation, reference s made to the
appropriate chapter and section describing the considerations 10 prevent or mitigate the ucordent

ANSI ANS-57.9.19%4, “Design Cnteria for an Independent Spent Fuel Storage Installation (Dry Storage
Type) " defines four categonies or design events that provide a means of estabhishing design requirements
to satisty operational and safety critenia. The first design event is associated with normal operation. The
sec -+ d and third design events apply 1o events that are expected to occur dunng the Lfe of the installation
The fourth design evemt is concerned with severe natural phenomena or low probabiiity events I'he
second design event is addressed in Section 8.1, “Off-Normal Operations” on page 8-3 and the third and
fourth design events are discussed in Sectio. 8.2, “Accidents” on page 55 (The first design event s
addressed in Chapter 4, “Storage System” on page 4-1 and need not be addressed here )
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P 8.1 OFF-NORMAL OPERATIONS

e 811 JAMMED DSC DURING LOADING OR UNLOADING

8.1.1.1 Postulated Cause of Jammed DSC

8.1.1.2 Detection of Jammed DSC

8.1.13 Analysis of EHecls and Consequences

8.1.1.4 Corrective Actions
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21.2 RADIOLOGICAL IMPACT CF OFF-NORMAL OPERATIONS

Based on the off-normal operation analysis results presented, there is no additional radiological impact

due 1o off-normal operations bevond what is presented in Chapter 7, “ Radiation Protection” on page 7-1
of this SAR
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8.2 ACCIDENTS

This section addresses design events of the third and fourth types as defined by ANSIANN-57.9.1984, and
other credible accidents which could impact the safe operation of the Oconee ISFSI The postulated
events addressed are

» lLoss of Air Outlet Shiclding

+ Tomado Tormado Missile

* Fanhquake

¢ Transfer Cask Drop

+ Transfer Cask Loss of Neutron Shield
+ Lightning

+ Blockage of Air Inlets and Outlets
o DEC Leakage

o Accidental Pressurization of DS
+ Load Combinations

s Floods

« Eaplosions

The postulated acaidents listea abov: include Al events identified as poentially resuling ‘n offsite doses in
excess o1 25 mrem

8.21 LOSS OF AIR OUTLET SHIELDING

This postulated accident involves the loss of both air outlet shiclding blocks from the top of the HSM All
other components of the Oconee ISFSI are assumed to be in thewr normal conditions

8.2.1.1 Cause of Accident

The air outler shielding blocks are designed to rmain in place and compietely functional for all events
except tomado mussiles. To demenstrate the safety of the 18] SI design, this #orvdent assumes that both
shielding blocks are completely lost

The air .+ tle. shield blocks are attached 1o the HSM by veiding to an embedded plate in the HSM rooi
In the highly unl kely event of a recovery situation, the damauged shield block would be removed from the
HSM and temporary shielding would be placed around the outlet opening in such a way that a worker
could perform the nvcessary recovery techniques with a minimal radiation exposure. All Duke ALARA
procedures, such as pre-staging constiuction activities in a no-dose arca, would be followed throughout
the entire recovery process

8.2.1.2 Accident Analysis ;

There are no structura! 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
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will iucrease (slightly) and provide mose couhing of the DSC Radiologics! consequences of this ¢ codent
are described in the next section

£.2.7.3 Accident Dose Consequences

Offsite radiological consequences result from an increase in r scattered (skyshine) dose due 10 the loss of
the studd blocks Onsite radiological consequences result from an increase in direct (duning recovery
operations on the HSM roof) and skyshine radiation. The calculation of these doses dunng normal
conditions is described in Section 74, “Estimated On-Site Collective Dose Assessment” on page 7-17.
Removal of the shield blocks results in loca) surface dose increase of 3600 mr hr at the vent opening. This
increased surface dose was used i the models deseribed in Section 7.4, “Fstimated On-Site Collective
Dose Assessment” on page 7-17 10 caloulate the drect and scattered doses as a function of distance from
the HSM. Tahle 8:1 on page 813 shows comparisons of the increased dose rate as a function of dictance
due 10 loss of the shielding blocks. The dose increase 10 a preson located 100 feet away from the ISFSI
nstallation for eight hours a day for seven days (recovery time) would be 30 mr. The increased dose 10 an
Msite person for 24 hours ¢ day for seven days located 5000 feet away would be mimmal

To recover from the loss of shielding blocks, a new block is transferred 1o the HSM. After the shield
Wlock s transferred to the HSM, a vard crane is used 1o lift the block o position. The block 18 then
bolted in place. The entire remounting of raton should take less than 30 minutes, of which a mechanic
will be on the HSM voof for approximatery 15 minutes. During this time he will receive less than 50 mr
An additional dose 1 the mechanic and 10 the crane operator on the ground whle putting the shield
block in place will be 0 mr cach ‘ issuming and average distance of 10 ft. from the center of the HSM
front wall)

8.2.2 YORNADO/TORNADO MISSILE
82 - ause of Acciaent

The mos. severe tornado wind loadings specified by NUREG-0%00, NRU Regulatory Guide 1.76 and the
Oconee FSAR are used as the design basis for this aceident condition

8.2.2.2 Accident Analysis

The applicable design parameters of the design basis tornado (DBT) eve specified in Section 3.2.1,
“Tornado and Wind 1 oadings” on page 3-7 of this SAR. The DRT design parmnetis specified in
Section 3.2.1. “Tomado and Wind ' cadings” on page 3-7 are identical to those used m the reference
Topical Report in the dewenmnation of forces on structures for this accident. The analysis of the HSM
and Transter Cask response to DBT loadings is covered by the analysis presented in Section 8.2.2 of
Refc:2nce | on page 8-17

8.2.2.3 Acciden! Dose Consequences
The only component of the ISFSI facility vhich is not capable of withstands i; tornado generated missiles

are the precast mr outlet shielding blocks. The consequences of losing the shielding blocks dunng ths
accident is presented in Section §.2.1.3, “Acadent Dose Cousequences’ of this SAR

8.2.3 EARTHQUAKE
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8.2.3.1 Cause of Accident

As spocified in Section 3.2.3, “Seismic Design™ on page 3-10, the ISFSI MHE acceleration value 1s 0.15g
for both vernical and honzontal ground acceleration

8.2.3.2 Accident Analysis

The reference Topical Report analysis of earthquake loads assumes a vali: of 025 and .17 for
maximum horizontal and vertical acceleration, respectively. Rejerence | on page 8-17 soistrue stress
analysis also used a multiphier of 1.5

Since the value of the seismic accelerations for the Oconee ISFSI site are lower than that assumed in
Reference | on page 8:17, the stress analysis envelopes the site specific eritenia

In summary, the Oconee 1SFS] seismic analysis using site speeific entena is enveloped by the analysis in
Reference | on page §-17

8.2.3.3 Accident Dose Consequences

Ma or components of the Oconee ISFSI are designed and evaluated 1o withistand the forces generated by
the MHE. Hence, there are no dose consequerices

8.24 CASK MROP
8.241 Cause of Accident

This section addresses the structural integriny of the DSC and ns internals under a postulated tran-port
cask accident condition. It is postulated that the transfer cask desenibed in Section 4.3, "Transfer Systen”
on page 4-11 with the DSC inmde 1s dropped B0 inches onto a thick concrete slab. Due to the use of
transfer cask trailer tic-downs, an actual drop event is not considered credible. Cask drop target parameters
are given in Table 8-2 on page 813

8.2.4.2 Accident Analysis

The Oconee ISFSI transfer cask is anglyzed for an 80 inch drop accident using the method of analyst
presented in Section 8.2.5. ¢ Reference | on page 817

The analysis prasented in Reference | on page ¥-17 ascumes an 80 inch cask drop using Oconee ISFSI
trapsfer cask parameters. Hence, the Reference | on page 8-17 analysis covers the Oconee accident
analysis. Therefore, the stress on the vanous structural components of the DSC and its internals are the
same as those reported ‘n Table 8.2-7 of Reference | on page 8-17

8.2.4.3 Accident Dose Consequences

Since the stress analysis has shown that all components important 1o safety of the DSC and its internal
basket will perform their intended furction under this acaident condition, there are no dose consequences

8.2.5 TRANSFER CASK LOSS OF NEUTRON SHIELD
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8.2.51 lostulated Cause of Solid Shield Loss

The neutror: shield jacket is designed, fabricated, tested. and inspected as ASME Section 111, Division 1
Class 2 vessels The associated ASME quality assurance program will assure that there are no poor joints,
or other substandard components in the transfer cask. The Bisco NS-3 peutron shield matenial is a nad
solid when curea and will not flow freely through openings in the jacket. Thercfore, a loss of shield
material will only ¢ ccur in cases of external damage 1o the shield jacket and concurrent displacement of
NS-3 matenal

8.2.5.2 Detection of Shield Material Loss

Damage to the neutron shield jacket and matenal would be wvisually obvious Anticipated loss of
hydrogen from the NS-3 material resulting from degassing at evaluated temperatures is accounted for in
the shielding analysis (see Section 7.3.2, “Shielding” on page 7-11)

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 NS-3 will be lost. The effect of this will
increase the cask surface contact dose from 180 mrem hour to §37 mrem hour. The only potential off-site
dost consequences would be additional direct and air scattered radiation if the accident were 10 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, 1t is
estimated that on-site workers at an sverage distance of fifteen feet would receive an additional dose rate
of 80 mrem hr.

Oft-site individuals at a distance of 2000 feet would receive an «dditional dose of 5.7F«4 mrem jor the
assumed eight hour exposure. This increase 1s well within the hmits of 10CFR 72 lor an necident
condition. Also, this does not preclude handling operations for recovery of the cask and its content:.
Water bags or other neutron absorbing matenal could be wrapped around the cask to reduce the surfuce
drse to an aceeptable imit for recovery operations thus minimizing exposure of persosinel in the vicinit
The actual local and off-site dose rates, recovery time and operations needed 10 retneve the cask, and the
required actions 10 be performed following the event will depend upor the severity ol the « 'ent and the
resultant cask and trailer skad dame ¢

8.26 LIGHTNING

8.26.1 Caus. of Accident

The likelihood of Lightning striking the ISFSI and causing an ofl-normal operating condition is not
considered a credible accident given the ISFSI lightning protection provided. The hghtning protection
system for the ISFSI is designed in accordance with NFPA NO. 78-1979 Lightnin, Protection Code
This system precludes any damage to the HSM or its interne! Jue to lightning

8.2.6.2 Accident Analyris

8.26.21 HSM

Should lightning strike the ISFSI, the normal operation of the HSM will not be affected. The current

discharged by the hghtning will follow the low impedance path offered by the hghtring protection system
Therefore, the HSM s not damaged by the heat or mechamcal forces generated by current passing
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through the higher impedan.. concrete Since the HSM requies no equipment for its continued
operation, the resulting curreat surge from the hghtning will not affect the normal operation of the HSM

82622 Powtr Supplies

The hydraulic power suppiies for the transfer trailer hydraulic positioners and the hydraulic ram are
mdependent systemns. Each of these systems have manually operated pumps which could be used in case
of a power failure  Electrical power supplies 10 the 1SFSI site serve no safety related functions, since their
loss would not adversely affect the NUHOMS- 24P safety related components or the health and safety of
plant personnel or the public

The electncal power distribution system and associated equipment are electnically bonded to the lightaing
prowction and grounding system for the ISFSL The retal power transformer is installed with hightning
protection features in accordance with National Electne Safety code requirements

The lightning protection design meets the requirements of NEPA-7K, Lightning Protection Code: 1986
Editon and IEEE Swandard 665

8.26.2.3 Welding of DSC to Support Structure

Movers 'nt of the DSC from the transfer cask 1o the fully nserted position in the HSM takes less than 10
minutes. Transfer operations will not be attempted during a major thunderstorm when there is potential
dange- 10 plant perseanel or costly damage to equipment. Therefore, the possibility of the DSC becoming
welded 1o the suppont structure by a lightning strike 1s extremely unlikely, In addition, there is contact
between the transfer cask and HSM mating collar. such that the anchorage of the transfer cask to the
HSM shown in Topical Report Figure 4.2-6 provides a grounding path to the HSM. To complete this
path, the attachment plates are grounded to the HSM remforemg which will provide additional assurance
that this event will not oceur. Lightning would likely strike the highest nearby structure, wiich is a hight

pole

The HSM rails are bonded to the HSM grounding system by means of exothermicaily welding a bare
copper conductor 10 the embedded steel supnont plates and the HSM grounding system. Additionally, the
trailer mounted ram assembly tripod is bonded to the HSM grounding system during cask positioning
operations

8.2.6.3 Accident Dose Consequences

Since no off-nonmal operaung condition will develop s & result of hghtning striking the ISFSI, there are
no radwlogical consequences

8.2.7 BLOCKAGE OF AIR INLETS AND OUTLETS

This accident involves the complete and total blockage of all HSM air wnlets and outlets

8.2.7.1 Cause of Accident

Since the HSMs are located outdoors, the air iniets and outlets could potentially be blocked by debns

from such unlikely events as tornados. ISFSI design features such as a penmeter fence and separation of
air inlets and outlets reduce the potential for this aceident.
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8.2.7.2 Accident Analysis

The structural consequences due 10 the weight of debns blocking the air openings are bounded by the
structural consequences of other acadents deseribed 1n this section (1.¢., tornado and earthquake analyses).
The thermal consequences of this accident result from heating of the DSC and HSM due 10 the Ic.s of
natural convection cooling. An analysis of this condition is provided by Section 8.2.7 of Reference | on

page 8-17
8.2.7.3 Accident Dose Consequences

There are no offsite dose consequences as a result of this acaident. The only dose increase 15 related to the
recovery operation where the onsite worker will recerve an addisonal 700 mr dunng an estimated 8 hour
debnis removal penod

8.28 DRY STORAGE CANISTER LEAKAGE

Ihe DSC 15 designed for no leakage and analysis of normal and acadent conditions have shown that no
credible conditions could breach the canister body or fail the double seal welds at each end of the DSC
However, 1o show the uliimate safety of the ISFSI system. a total and complete instantaneous leak 18
postulated

This postulated acerdent 1s the instantaneous release directry to the environment of 30% of all fission
gasses mainly Kr,; and 1, contained in all the fuel rods in all 24 PWR fuel assemblies This aceident
assumes that all fue) rods are ruptured and that concurrent DSC leakage occurs. All other components of
the 1SFSI system remain intact

8.2.8.1 Cause of Accident

Due 10 the passive nature of the Oconee ISFSI system and the vanous design features, there is no credible
event that could result in the rupture of all fuel rods concurrnt with DSC leakage However, 1o
demonstrate the safety of the ISFSI deswgn. this accaident assumes that the fuel rods and the canister are
rupturea due to an event of unspecified ongin

§.2.8.2 Accident Analysis

In the postulated Dry Storage Canister 1akage Acadent. it is assumed that one DSC is breeched and fuel
fails simultaneously releasing 30% of all fission gasses contamned in 24 fuel assemblies. Following
long-term wet storage ( > 7.5 vears) the gaseous fission products which can be released are Kry; and 1,5
The total DSC inventories assumed for Kryo and Iy are 2758 + 03 and 1.87E-02 Cunes, respectively,
these inventones are based on ORIGEN-S computer code (Reference 2 on page 8-17) analysis for 24
B&W 15xi5 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 | mile) for the duration of
the cvent. A meteorological dispersion prrameter (X/'Q) of 4 5E-04 sec'm? is used in calculating the
maximum potential offsite doses; this X Q value 1s corsistent with the value ref~renced in the Oconee
SER, Section 3.2.4, Units 2 and 3 Dose conversion factors used are obtained from NRC [.eeulatory
Guide 1.109 and a breathing rate of 347F-04 m? sec 1s used in calculating mhalation dose

There are no structural or thermal consequences resulting from the DSC leakage acc'dent described above

The radiological consequences of this accident are presented in Section 8273, "Acadent Dose
Conseguences.”
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8.2.8.3 Accident Dose Consequences

This postlated accident involves the rupture of one DSC. All fuel rods contained n the ruptured DSC
are assumed to fail simultanc o .sly such that 30% of all the fisson gasses in the irradiated fuel assembhes
are instantaneously released 1o the atmosphere. Whole body and maximum organ doses are calculated for
a hypothetical individual assumed 10 be present at the Oconee Nuclear Station exclusion zone for the
duration of the event. A meteorological dispersion parameter of 4 5E-4s'm? is used in calculating the
maximum potential offsite doses. The resulting calculated doses are 7 and 200 mr for the maximum offsite
whiole body and thyroid doses, respectively. These accident doses are well withun the 10CFR 72 limut of
5000 mr whole body dose equivalent

129 ACCIDENTAL PRESSURIZATION OF DSC

accident addresses the consequences of accidental pressunzatiou of the DSC

8.2.91 Cause of Accident

Internal pressunzation of the DSC could result from fuel cladding failure which would release fuel rod fill
gas and free fission gas

8.2.9.2 Accident Analysis

The maximum DSC acaident pressurization is calculated assuming that the fuel rod fission gas release
fraction 15 30%, and that the ongnal fuel rod fill pressure is 480 psig (Oconee fuel actually has a
maximum imtal fill pressure of 465 psig) The resulting mternal DSC pressures at Oconee s maximum
ambient temperature of 116°F and at the minimum ambient temperature of -30°F are ovlow the accident
pressures reported in Section 8.2.9 of Reference | on page §-17 (for temperature extremes of 125°F and
-40°F). The limiting accident for DSC pressunization is the loss of transfer cask neutron shield.  Under
these conditions, the gas temperatures in the DSC will nse to 600°1 producing a DSC internal pressure of
49.1 psig. The DSC shell stresses due to accident pressurization are enveloped by those reported in
Reference 1 on page K-17.

During DSC opening. appropnate health physics technigues will be employed for respiratory protection of
the workers and for preventing any uncontrolled releases to the environment. During cutting operations
these techniques may 1 clude wstallation of exhaust hoods which discharge 1o the fuel building ventilation
system upstream of the HEPA and carbon filter units and supphed ar to the workers. Dunug filling and
venting. the vented gases will, also, be routed to the fuel building ventilation system. This is a routine
precaution talen for Gpening of spent fuel shipping casks, and it would provide protect.on from respirable
radioactive panticles and, also, from the unlikely presence of a significant amount of escaped fission gases

8.2.9.3 Accident Dose Calculations

Since the accidental pressurization is within the design basis hmits of the DSC, there are n¢ dose
conseguences

8.210 LOAD COMBINATICNS

The load categonies associated with uormal operating conditions and acadent conditions have been
described and analyeed 1n previous chapters of this report. The load combination evaluation of vanous
ISFSI safety related components 1s addressed in this section

Bl
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8.2101 Cause of Accident

The simultaneou. loading of major 1SFS] components by combined accdent and normel loads wonlc
result in the luad combinations analyzed

3.2.10.2 Accident Analysis

The methodology used ir combiming normz! operating and acadent loads and t! “ir associated overload
factors dor vanous ISFSI components is presented in Section 8.2.10 of Reference | on page 817 The
Reference 1 on page 8-17 analysis envelopes the Oconee ISFSL The load combination and fatigue
analysis in Reference | on page 8-17 indicates major ISFSI components can withstand severe load
combination and thermal cveling wathout falure

8.2.10.3 Acciden! Dose Consequences

There are no dose cons.quences tor postulated load combination events

8211 FLOODING

The elevation of the ISFSI vard at Elevation: 8250 1s more than cleven feet higher than th, maximum
flood level postulated for Lake Keowee, and therdore, flooding of the ISFST site will not oceur

£.212 EXPILOSIONS
v & %21 Cause of Accident

The eapiosion on 8.C. Highways 130 or 1K} of a tanker contamng 8500 gallons of gasoline would subject
the ISFSI 10 a surface ovearprossure

8.2.12.2 Accident Analysis

According 10 the NRC Regulatory Guide 1,91 “Evaluatons of Exploaves Postulated on I'nansponation
Routes Near Nuclear Power Plants,” the explosion of 8 500 gallons o gasoline 1100 feet from th 1SFS]
on . C. Highwa' 130 or 183, wauld restll in & peak overpressure of 1 psi about 1,900 feet trom the point
of explosion and therefore an overpressure of 2.3 psi at the ISFSL The HSM bas been desygmed to
withstan) a maximom tomade wind pressure of 10 pa. Therefare. the HSM overpressure from the
explosion of & gesoline tanker on either S0 C. Higbway 130 or 153 15 enveloped by the wind pressure
analvsis and design for a DBY

8.212.3 Accident Dose Cons2quences

There are no dose consequences for postulateg explosions
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8.213 VABLES

Dhistr 7 ce (meters)

K.2 Accidents

Accident (ase

Table 81, Comparisnn of Total Dose Rates for HSM With and Without Air Outlet Shiekding Blocks

f am Neares! Noomal Cas Dose Rate®
ASM Wall, Dose Rete* (mrem/hi ) (mrem /hr ) (Without
2210 Array (with Shield Blocks) Shield Blocks)
10 288 219
100 0.1 387 {1 §11
S0 KT -4 o J4F-1
2000 3.7 7E-K 96217
* Air scattered plus duorect radiation
Table &2 Cask Drop Target Parameters
1. Slab rewntorcement
Bottom it - #535 A& 6% C«C gach Wiy
lop mat - #d's . & ¢-¢ cach way
Yield strength = 60 ka per ASTM 615
2. Slab thickness = 1 -6* ot concrete
1 Concrete steength (28 divs) = 000 ¢a1 (mammum
4 Soil ultimate strength - ' 2.0 ksf (Based on laboratory tesung
§ Soil elestic modulus = 174 kef (Based on laboratory testing
6. Poisson's ratio o1 soil = 0.3 (Based on soil test Jota and “T'oundation Analysi: and Design

Joseph . Bowles

Wd Fd
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8.3 SITE CHARACTERISTICS AFFECTING SAFETY ANALYSIS

All site characienistics affecting scfety analvses presented in dus SAR are noted where they apply
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CHAPTER 9. CONDUCT OF OPERATIONS
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91 ORGANIZATIONAL STRUCTURE

9.1.1 CORPORATE ORGANIZATION

Duke Power Compeny s responsible for deviiopment of the ISFS] mncioding design. construction, gaality
assurance, testig and operiation of the facility. The corporate orgunization of Duke Power Company s
fully deseribed in Chapter 13, “Conduct of Operstions” on page 13-1 of Reference | on page 917

9.1.1.1 Corporate Functions, Responsibilities and Authorities

The corporate organization provides line responsibility for operstion of the Company.  Varous
deparunents within the Cotupany bave responsibility for design, castruction, quality assurance, testing
and operation of the Ocomer Nuclear Staton as well as the WSFSL Duke's corporate functions,
responsibiiities and authorites for quality assurance addresscd in Topical Report DUKE-1-A| as described
. Chagrer 11 "Quality Assurance” on page 11-1 of this report, are appheable for appropriate portions of
the ISESI

9.1.1.2 Applicant's In-House Organization

Duke s Nuclear Generation Deparment, headed Wy the Senior Vice Presdent, Nuclear Generation, has
corporate responsibility for overall nuclear saloty, as estabhished by Techmcal Specifications.  Reporting to
the Senior Vice President is & Viee President for each nuclear site, #od the General Manager, Nuclear

Services

The Nuclear Generation Depantment  Organuzation s desenbed in Section 1312, "Operatng
Organization” on page 13-4 of Reference | on page %17

9.1.1.3 Intarrelationship with Contractors and Suppliers
The development of the ISFSI including design, construction, iesting and operation are managed and
conducted by Duke Power Company. Tochmical support and other services for the program relating to the

Nutech Engincers, Inc supphied NUHOMS-24F are provided by Nutech Engineers, Inc (now Pacific
Nuclear Fuel Syster. -, Inc.)

9144 Applicant's Technical Stak

The Corporate technical staff supporting the ISFSI i desenbed n Section 1111, "Corporate
Organization” on page 13-3 of Reference | on page 9-17

RENV: (30 JUNE 1991 9-3
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9.1.2 OPERATING ORGANIZATION, MANAGEMENT, AND ADMINISTRATIVE
CONTROL SYSTEM

9.1.2% Onsite Organization

i)

9.1.2.2 Personnel Functions, Responsibilities and Authorities

9.1.3 PERSONNEL QUALIFICATION REQUIREMENTS

8.1.3.1 Minimum Qualification Requirements

8.9.3.2 Qualifications of Personnel

8.1.4 LIAISON WITH OTHER ORGANIZATIONS
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9.2 PREOPERATIONAL TESTING AND OPERATION

Prior 10 operation of the ISFSI, complete functional tests of the in-plant operations, transiur operations,
and HSM loading and retneval were performed  These tests venfied that the storage system components
{e.g DSC. transfer cask, transier truiler, e1¢.) could be operated safely and effectively

9.21 ADMINISTRATIVE PROCEDURES FOR CONDUCTING TEST PROGRAM

Pre-operational testing procedures were written in accordance with existisg Oconee procedure controls as
¥ ¥ P
governed by Duke Power Company s QA Program

9.22 TESY PROGRAM DESCRIPTION

The testing program required the use of a DSC mock-up, transfer cask and associated handhing
equipment, transfer truiler, hydiulic ram and an HSM. The tests simulated, as nearly as possible, the
artual opeations invelved in prepaning a DSC for storage and ensured that they could be performed safely
during actual cnplacement of TFAs in the 1851 Shiclding verfication - which was not completely
achievable dunng dry runs 1ook place during the imitial 11 A loadings

9.2.21 Operations
$.2211 DSC and Associated Equipment

An actual DSC and a part-length mock-up of a DSC were obtamned for pre-operational testing. The DSC
was loaded into the transfer cask 10 venify fit and suitability of the DSC kfi ng Additnonally, the DSC was
used in operational 1esting of the transfer equipment and HSM

The part-length mock-up was similar 10 the top end of the DSC with lead shield plug facsunile 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 venfication
of vacuum drying. heliurn backfilhing, and cutung open operations

§2.21.2 Transfer Cask and Handling Equipment

Functional testing was performed with the transfer cask, lift beam. crane hook Lft adaptor, and remote
actuation equipment associated with the lift beam.  These tests ensured that the trensfer cask could be
safely transported from the ONS truck bay 1o 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
of the annujus seal

82213 Of-Normal Testing of the DSC and Transfer Cask

In the unlikely evemt that & problem anses dunng loading of IFAs into the DSC, seal
welding ‘evacuation drying, transport of the DSC. or emplacement of & DSC into an HSM. no immediate
action would be required Operations 1o the spent fuel pool could be suspended indefinutely with 1FA
cladding remperatures well below the average long-tesm storage temperature limit of 340°C. Dunng the
other operations the IF A cladding temperature remains well below 570°C - an acceptable temperature for
shon-term operational and accident conditions. The DSC transfer cask could be returned 1o the spent
fuel pool if these other operations could not be completed in a timely manner As stated m Section

9.7
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92211, “DSC and Associated Equipment,” the ability 10 open a sealed DSC was demonsirated by
cutting open the DSC mockup

$.2.214 Transter Traller and HSM

The DSC transier cask was loaded with test weights 10 simulate loaded fuel and placed on the transfer
trailer. It was then transported 1o the ISTSI and algned with an HSM. Compatibility of the traasfer
graller with the transfer cask. negotiation of the travel path to the ISFS, and maneuverability within the
confives of the 1SS! were venified Additionally, it was verified that the 80 inch design basis hewght for &
postulated cask drop could not be exceeded

The transfer trailer was aligned and docked 10 the HSM. The hydraulic ram was used 10 emplace a DSC
loaded with test weights in the HSM and remove it Loadng of the DSC mio the HSM venfiad that the
transfer skid alignment system. hydraubic positioners, and ram grapple assembly could operate safely for
both emplacement of a DSC o an HSM. and removal of a DSC from an HSM

92215 ON-Normal Testing of the Transter Traller and HSM

In the uniikely event that & problem should oceur that prevents loxding the DSC into the HSM, ne
immediate remedial action will be required. 1FAs may be stored in the transfer cask wlale corrective
action s taken

The most severe condition would occur if a fatlure of the hydrauhe ram, afier partial insertion of a DSC
into an HSM, were 1o prevent complete emplacement of the DSC. (Radiological shielding and decay heat
removal are not compromised by this condition, but the transfer trailer may not be moved away until the
DSC 1 completely within the confines of enther the transfer cask or the HSM.)  Pre-operational testing
verified that reversal of DSC movement could be comnleted by the operator of the hydraulic ram

9.2.3 TEST DISCUSSION

I The purpose of the pre-operational tests was 10 ensure that & DSC could be properly and safely
placed in the spent fuel pool, Joaded with IFAs, transported 10 the ISFSL empliced ain the HSM, and
removed from the HSM. Proper operation of the DSC, transfer cask. and transter tratler, as well as
the associated handhing equipment (¢ g lift Leam. welding equipment, vacuum equipment) provided
this assurance

L2

Pre-operational test procedures were developed as stated in Section 9.2 1, “Admunistrative Procedures
for Conducting Test Program” on page 97 Spectfic detailed procedures were Jdeveloped and
implemented by ONS personnel who were responsible for ensunng that the test requirements were
satisfied. Changes made 10 the pre-operational procedures were incorporated into the appropnate
loading procedure

1 The result of the pre-operational teats was the suceessful completion of the following without damage
to any component associated piece of equipment: loading of a DSC o the transfer cask, scal
welding, drying, backfilling. and cuting open of the mockup DSC, placement of the transfer cask into
and out of the ONS spent fuel pool. uwosporting the transfer cask loaded with a DSC 10 the ISFSI,
and emplacernent in an HSM and removal from an HSM

9-8




Oconee 1SES] Safety Analysis Report 93 Training Program

- G P Y —— P T S e . -G

9.3 TRAINING PROGRAM

The existing training program for ONS was modificd . incorporate the training aceded for operation of
the ISFSL, in accordance with the Duke Power Employee Traming and Qualfication System (ETQS)
Standards Manual. FTQS provices & systemic approach 1o tramning as deseribed i the ONS FSAR,
Section 13,1, “Organizational Structure” on page 13-3 of Reference | on page 9-17

8.31 TRAINING FOR OPERATIONS PERSONNEL

Since the ISFSI is & passive storage system, generalized traiming is provided in the areas of cooling
radiologca) shiclding, and structural characteastics of the DSC HSM

Detailed operator traiming is provided for DSC preparation and handling, fuel loading, tran fer cask
preparation and handling. and transfer trailer loading.  Although cperwions persont.el may not be directly
wvolved in transport or HSM loading, detailed truning is provided to permit oversight of these operaticns
by fuel handling personnel

Additionally, Fire Brgade training has been expanded o wiclude the ISFSLin the Oconee Nuclear Statinn
Pre-Fare Plas

9.3.2 TRAINING FOR MAINTENANCE PERSONNEL

Maintenance personnel, involved with the ISFSI operations, recenve generalized trainmng W tne
NUHOMS-24P storage system. Specific traning s provided for use of the automated seal welding
squipment for the top end shicld plug. operation of the transfer tratler; alignment of the cask skid with
the HSM; abgnment of the hydraulic ram assembly; and normal and ofl-normal operation of the hydrauli
ram. Specific tramng is also being provided for cleaning of the HSM wr iniets and outlets

9.3.3 TRAINING FOR RADIATION PROTECTION PERSONNEL

Radiation Protection personnel have received generalized training in the NUHOMS- 24P system. Specific
tratning has been provided in radiologieal shielding design of the system particuiarly the top end shaeld
plug. DSC transfer cask. the shiclding 1ssue associated with transfer of the DSC nto the HSM, and the
HSM itself

934 TRAINING FOR SECURITY PERSONNEL

Details of the training program for security personnel ar: provided in the Guard Traiung Plan contaned
in a separate enclosure which 1y withheld from public disclosure i accordance with 10CFR 2.790(d) and
WCFR 72.21

REV: (30 JUNE 1991) 99
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9.4 NORMAL OPERATIONS

Under normal operations. the ISFSI provides independent storage of Oconee spent fuel away from the
Oconee plant faciities. With the exception of some himited physical and continuous electronic secunty
surveillance. the facility functions as a passive system. Loading of fuel assemblies into the faciliny, which
occurs periodically, require specific procedures that are separate from those of normal plant operations

841 PROCEDURES

Operating. testing. and maintenance procedures are prepared revised, reviewed, and approved in
accordance witin the Duke Power Company Nuclear Production Department " Admunustrative  Policy
Manual” (APM). (The APM sets forth the specific requirements of the Duke Power Company QA
Topical Report, DUKL -1-A, which has been approved by the NRU as meeting the requirements of
WCFR 50 Appendix B )

9.4.2 RECORDS

The 1SFS] records are maintained in accordance with exsting Oconee Nuclear Station procedures

11
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9.5 EMERGENCY PLANNING

The Emergency Program for Oconee Nuclear Station has been determuned to be adequate to manage the
consequences of events which might occur wnvolving the ISFSL Appropnate reviews wore made of the
enisting emergency plan initiatng conditions and 1t was determined that no changes were necessary. The
Emergency Program consists of the Oconee Nuclear Station Emergency Plan and the Duke Power
Company Cneis Management Plan for Nuclear Stations and therr related implementing procedures. Also
included are related radiological emergency plans and procedures of state and local governinents. The
purpose of these plans 18 10 provide protecvion of plant personne! and the general public and to prevent or
mitigate properts damage tLat could result from an emergency at the Oconee Nuclear Station. The
combined emergency preparedness programs have the following objectives

1. Effective coordination of emergency activities among all orgamzations having a response role

2 Farly wamning and clear instructions 10 the population-at-nsk in the event of a serious radiological
emergency

A Continead assessment of actual or poteniial consequences both on-site and off-site

Effective and timely implemantation of emergency measures

o &

Continucd maintenance of an adsquate state of emetgency preparedness

The emergency plans have been prepared in accoidance with Section 5047 and Appendix E of 10CFR
Part 50. The plans shall be implemented whenever an emergency situation is indicated. Radiological
emergencies can van in severity from the occurrence of an abnormal event, such as a minor fire with no
radiological  health .cnsequences. 10 nuclear acaidents having  substantial onsite and or ofisite
consequences  In addition to emergencies involving a release of redioactive materials, events such as
security threats o7 breaches, fires, electnical system disturbances, and natural phenomena that have the
potential for wvolving radioactive matenials are included i the plans. The plans contain adequate
flexibility for dealing 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 emergency plans for Oconer and Pickens Counties

The emergency response resources available 1o respond 10 an emergency consist of the personnel at Duke
Power Corporate Headquarters, at other Duke Power nuclear stanons, and, in the longer term, at federal
emergency respoiise organizations (e g NRC, DOE, FEMA) The first hine of defense i responding to an
emergency lies with the normal operating shift on duty when the emergency begins. Therefore, members
of the Oconee stafl are assigned defined emergency response roles that are to be assumed whenever an
emergensy 1= declared. The overall management of the emergency is wutally performed by the shift
supervisor until he she is relieved by the Station Manager In the event of an emergency, he serves as the
Emergenicy Coordinator. Because of his overall kuowledge, he is best able 1o bring the full resources of the
plant to bear on controlling the emergency. Onsite personnel have preassigned roles 1o suppon the
Emergency Coordinator and to implement tus directives

Special provisions have been made to assure that ample space and proper equipment are available 1o
effect:vely respond 10 the full ran_z of possible emergencies

The emergency faciline. available include the Oconee Control Room. Operational Suppont Center,
Technical Support Center, Crisis News Center, and the Cnsis Management Center (Emergency
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Operations  Facility). These facilities are desoribed in the station emergency plan and the Crisis
Management Plan

Emergency plan implementing procedures define the speaific actions 1o be followed v oarder 10 recognie,
assess, ard correct an emergency condition and 10 mitigate its consequences. Procedures 1o implement the
Pian provide the following information

-
-

3

N

914

Specific instructions 10 the plant operating staff for the implementation of the Plan
Specific authornities and responsibilities of plant operating persounel

A source of pertunent information, forms, and data to ensure prompt actions are taken ond that
proper notifications and communicktions are carmned out

A record of the completed actions

The mechanism by which emergency preparedness will be maintamned at &ll times
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9.6 PHYSICAL SECURITY PLAN
The purpose of the secunity program for the Oconee Nuciear Station ISESI is to establish and maintain a

physical security program that has the capabilities for the protection of spent fuel stored i the
NUHOMS-24P system

Additional information regarding the secunity program for the ISFS] is contaned in a separaic enclosure
that is withheld from public d'sclosure in accordance with 10CFR 2.790(d) and 10CFR 73.21. Thus
enclosure addresses the Physical Secunty Plan, Safeguards Contingency Plan, Design for Physical Secunity
and Guard Traning Plan

9-18
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CHAPTER 10. OPERATING CONTROLS AND LIMITS

The ISFSI will basically operate as a passive system requiring mummal surveillance. However, there are
some operating controls and hmits which will apply . These controls and hmats which are histed below are

discussed it detail in the following comesponding sections of this chapter. Othe. items which must be

controlled such as those related 10 fuel movement and i‘.i.i:?;_; are based on normal operation and
postulated accidents as discussed i Chapter 4, "Storage Svstem on page 4-1 and Chapter B Acaident
Analvses” on page 81, respectively, of this repon

({3
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104 PROPOSEL OPERATING CONTROLS AND LIMITS

Operating lunits and controls may Y found in Reference 2 on page 10-11
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10.2 DEVELOPMENT OF OPERATING CONTROLS AND LIMITS
Phis section provides an overvicw and genctsl bases for the operating contrals and himits specified i this

teport Reference 2 on page 10-11 provides the specifications associated with the operation of the Oconee
15181 10 ensure the protection of the public s health and safety

10.21 FUNCTIONAL ANC OPERATING LIMITS, MONITOPING INSTRUMENTS
AND LIMITING CONTROL SETTINGS

Mhe Oconee ISEST utilizes the NUHOMS 24P systemn which s a pa sive dengn 1 nerefore. with the
enception of the Lt placed on the trunslational toree everted on the DSC by the hydraulic ram, no
monitonng maraments of limiting vontro) settings are utilized at the 19V S1 facdiny Long termn operating
vienables such &0 HSM storage twemperatures and coninemunt o vowill e controlled through
observance of the ¢perational control and lmn specifications deseritn o boaference 2 on page 10: 11

Another controd whah falls under (ar U conee Station, s JOCFR SO opeaiang boense 1s @ restaction on
mimmum cooling tme for fuel stored in cenrtain locations of the spent fuel pools duning cask handling
operations. These resnotions ensure that any redioactvit releases semuun below ey datory guidelines in
the event of an wepool cask drop acerdent

10.2.2 LIMITING CONDITIONS FOR OPERATION
10221 Equipment

Limiting copdiions for the Ocorse ISES] squipment are speatied in Reterence J on page 10411 I
addition, the tam bvdraulic svstern will be proeset 10 nsure that tanslational loads on a DSC dunog
movernent inte the HSM are autosnaticaly limited 1o a maxanum of 20,000 Ths (Override control will be
avadlable 10 hydraulic ram operrtor for uee during off-normnal remedsal action needed )

10.2.2.2 Technical conditions And Characteristics

The followias technical conditivns and charactenstics are required for the NUHOMS 24P system

1. Boarsn Concentration i 1DSC Moderator

Lo ]

DSC Vacuum Pressure During Drying
V. DSC Helium Backfill Presare
4. DSC Helom Leak Rate
1 DSC Dyve Penetrant Test of Closure Welds
6 Fugi Assumbly Retneval and Inspection
DSC Surface Contaminatzon
K DSC Draining Reguiraments
A description of the bases for sclecting the above condtions and charactenstics i detaded i Rofercuce 2

on page 101 The overall wechmcal and oporaticsal consderations arc further descnbed o Secvon
10.2.2.2 of Reference | on page 10-11
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10.23 SURVEILLANCE REQUIREMENTS

Surveillance Roquirements for the Oconee INFAL we speafied in Reference 2 on page 1011

10.24 DESIGN FEATURES

Chatges 10 sty spectfic design features impontast 1o safet; are not anticipeted for the Oconee ISFSI
Design features of the NUTTOMS: 4P system imponant 10 safe opetation are outlined in Section 10.2 4 of
Reference 1 on page 10:11 and in Reference 2 on page (011 Chaoges 10 any of these desipn features
will be implemented only after appropriate regualatory review and approve)

1025 ADMIMSTRATIVE CONTROLS

LV of exising and proposed Duke Power Company organizational and admunistratiy  systemns and
provedures, focord keeping.  review, auait and reporting  reguitemenis (e Duke Power Company
Administrative Policy Manual. Ovonee Nudlear Station Directives, Operating Procedures, ete ) will be
waed 10 etsure that the ofscranons wvolved o the sorage of spent {uel @t the Oconee ISES] an perfonmed
i d safe manner This incdndes both the glection of assemblies qualified for ISES] storage. and the
verificution of assesnbly identification numbets pnor 10 and after placement into individual  Morage
TP

10.2.5.1 Qualification of Spent Fuel

Figure 10 | on page 10:10 represents the fuel assembly acecprance entena for spent fuel placement and
storage 0 the DSC tuel w mbly qualification is based on the requirements for oricality control, decay
heat remnal, stractural integnaty . wnd radiologcal protection Crticality control and decay heat removal
capadilities are Jefined by three variables shown in Figure 10-1 on page 10100 (1) initial ansemnbly
entichnient, (27 final assombly bumup, and (O spent fuel cooling penod. Control of these three
aUmuni Arauve prod edures, as Jeseribed below

For the NUHOMS. 24P subermicalit, is assumed for fug) assemblios meeting the 4.0 wt® ennchment
et of Referenc: 2 on page 1011 when the DSC s filled with water boruted 10 at least 1810 ppm (e
required by Refer nce 2 on page 10:11) or  chen the DSC e drned.  To ensure subcriticality 1 the
postulated event that the DSC w filled with domineralized. unborated water, the bumup requirements of
Fignre 161 on page 10-10 wre specified for any pernissible initial ennchroent

Procedures currert)y in place for special nuclear matenals accountability and record keeping will be used
10 verify initiel fuel assembly ennchment and bumup levels ot discharge 'wew fuel ennchinents and initial
wranium isotopies are recorded from the DOE NKC Fom 741 5 and stored in both & database file and on
duplicate paper cpies »f the Form “d1s. Individual fuel assembly bumnups are also stored i the special
nuclear mutenials aatabase. These values are generaed by the Oconee Operator Aided Computer utilizing
thermal energy production date Gotermined by in-core flux mappirg.  Bumup and intial ennchment
values from special nuclear mate J accountability records wili be compared 1o Figure 10-1 on
page 1010 to verify that the reactiviny level is acceptable for DAC loading and storage of each wvadisted
fuel assembly  Actual qualificution procedures may utitice @ tabuiar version of the ennchment-burnup
curves which will allow for sach hnear interpslation hetween s number of data points Whale this
ennchment v+ bumup method f¢° reactivity verfication will routingly be used - and required by
procedures, Duke Power resersos the nght 1o ely on other NRC - aceepred anchytical methods 10 qualify
fuel assemiblies in special cases
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10.4 OPERATIONAL CONTROL AND LIMIT SPECIFICATION

Futctional and Operating 1amuts
Conditions fot Operations, and Surve

Monitonng lestruments and Limiting Control Settings, L amiing
ilance Regquirements are specified in Reference 2 on page 10-1
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Oconee ISEST Safery Annlvain Repor Chapter 11 Quality Assursnce

CHAPTER 11. QUALITY ASSURANCE

Duke Pewer Company maintains full responsbility for assun ¢ that its nuclear power plants wre desgned,
constructed  tested and operated in conformance with good engincenng practioes, applicable reguiator,
requirements and specthied desgn bases and 1) & mannet 1o protect the public health and safety 1o thic
end Duke has estubiished and implemented & quality aswurance program which conforms 1o the enitene
established in Appendia B 1o 10CTFK Part 59, “Quality Assurance Critenia for Nudiear Power Plants and
Fuol Repr  «ang Plants”  and to approved industry standards such as ANST NAS 21977 and ANSI
NiR T 4 corresponding daughter standards. o7 10 equi alent alternatives

The activities associated with the Independent Spent Fuel Stotage Installation (ISFSD will be govemed by
the applicable portions of the Duke Power Company Quality Assurance Program. This Quality Assurance
Program 1 deseribed 10 the Duke Power Company Topical Repon, DUKE-LA The Topical Report
provides the current quality assurance program desenption for Oconee, McGuire. and Catawba Nuclews
Stations, Docket Nos. 80266, S0-270, §0:287, 80364, 80:370, S0-412, and 50-414

Addivanal, the Topical Repont desenbes the Jualny Assurance Program for those systems, compones.'s,
Hems. and services which have been determined W be safety related In addion. Duke's Quality
Assurance Program provides a method of applying & graded Qualty Assurance Progam 1o cenain
non-safety rolated systems. components. fems. and seraces. This method involves defiung @ Quality
Assurance "Condmion” for each dever of guality assurance required  These will be designated as “QA
Condivon The following conditions have been defured

QA Condition 1 covers those systems and thea attendant components, tems, and services which Love
been determuned 10 be safety related  These syetens are detadled i the Safety Analysis Repon apphicable
16 cach noclewr station The Topwal Report apphies i 1y entirety 10 systems, components, ftems, and
services identified 2 QA Condition |

OA Condition 2 covers those s stems and then attendant components, ems. and structures umpertant 1o
the management and comanment of hguid. pasecus. and sobid radioactive waste

QA Condition 3} covers those systems. components, ttems, and services whch are important 1o fire
protection a- defined in the Hazards Analyss for ecach station The Huazards Anaiysis 1 in response 10
Appendis A of NRU Branch ' echmical Position, APCSE 9.5

QA Conditicn 4 covers *huse seismically designed restrained systems. components. and structures whose
comtinued fupnctions are ot reguired during and after the somnic event. The general scope of these
sywerns, compunents, and structures, identified as Sersmic Cetegory 11 (8C1D are defined in Regulaton

Gusde 1.29, Semig Design Classification
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