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PREFACE -

The purpose of this document is to summarize the
proposed changes to the spent fuel storage pool at the North Anna
Power Station, Unit Nos. 1 and 2, associated with increasing the
storage capacity of the pool. It is intended that the document
fully describe and analyze t.he proposed modificatiaon, as well as
describe the installed systems which may be affected by the
modification. Operating experience and data are presented where
appropriate to substantiate the conclusions made regardaing
systems pertormance and environmental impact.

The informat.on contained %erein is also intended to
provide pertinent technical details associated with  the
modification and its environmental impac., as well as to
identify the reasons ror the change.

Ihis document should provide the ©Nuclear Regulatory

Commission Starf with sufficient information to review the
proposed chang: in accordance with regulatory requirexents.

ii



1.0 INTRODUCTION .

Virginia Electric and Power Company's North Anna Power
Station, Unit No. 1 was issued Operating License No. NPF-4 on
November 26, 1977. The unit will have a thermal ceneration
rate of 2775 megawatts. The operating license for Unit No. 2
is expected in Deccmber of 1978, with commercial cperation
tentatively scheduled for March 1979. The initial fuel cycle
for Unit No. 1 is presently scheduled to end in November 1979.
After each fuel cycle, at an average design burn-up of
33,000 rAD/MTU, approximately one—third of the fuel elements
are discharged permanently from the core and are stored in
the spent fuel storage pool. The present storage capacity of
the spent fuel pool is 400 fuel assemblies, or approximately
2 1/2 cores.

It is prudent engineering practice and the policy cf the
Virginia &Zlectric and Power Company (Vepco) to reserve
storage space 1in the spent fuel pool to receive an entire
reactor core (157 fuel assemblies), i.e., full core off-load,
should wunloading of the c¢ore be necessary or desirable
because of operational considerations. Virginia Electric and
Power Company has a policy and commitment to its customers to
supply reliable and economic electric service, which requires
that its nuclear power stations be operated reliably and
continuously. To ensure continued operation, the ability to
discharge spent fuel must be maintained. This, together with
the tact that alternative spent fuel storage, reprocessing,
or permanent disposal facilities cannot assuredly be
available to Vepco when first needed leads to the concliusion
that an 1increase 1in the spent fuel storage capability is
necessary to accommodate both subsequent spent fuel
discharges and to maintain the entire core off-load
capability.

Vepco has evaluated the available altermatives for
ensuring that the above objectives are realized. The
decision to install additional spent fuel storage capacity
provides thie most favorable solution considering commitirent
of resources and availability. It is incended to be a near
term solution whiclh will provide storage capacity until 1987,
at which time it is planned to ship the spent fuel to an
offsite storage facility and then tO a reprocessing or
permanent disposal facility subject to the implementation of
the Department of Energy's (DOE) spent fuel management

policy.

To accommodate both subseguent spent “uel discharges
until 1987, and maintain the full core off-load capability, a
modification 1s planned to increase the spent fuel storage
capacity by installing new spent fuel storage racks with a
reduced center-to—center spacing of the fuel assemblies while
maintaining Ssubcriticality under all conditions. The planned
modiricaticn will result in a maxdimum storage capacity of
966 fuel assemblies.
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In summary, to avoid unnecessary unit shutdowns when an
entire core off-load capability is not available for normal
and emergency operating conditions, and to provide for
additional spent fuel discharge storage capacity until 1987,
given the uncertainty of alternative capabilities, an
increase in the speat fuel storage capacity at the North Anna
Power Station, Unit Nos. | and 2, is necessary.

Figure 1-1 diagrammatically shows the buildup of spent
fuel assemblies in the spent fuel pool.
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2.0 PEASONS FOR THE MODIFICATION ' a

The basic reason for the planned modification is to
maintain full core off-load capability and to provide additional
onsite spent fuel storage capacity until such a time when
adequate offsite interim storage, reprocessing, or disposal
facilities are operaticnal and available to the U.S. commercial
nuclear power industry.

The existing design of the pool was predicated on being
able to ship spent fuel offsite for processing after about
150 days resident time in the pool for decay of the short lived
radioactive fission products. However, the President has
recently suggested that commercial reprocessing of spent fuel
will be indefinitely deferred until the international problems
associated with the proliferation of nuclear weapons are
resolved. Consequently, spent nuclear fuel will have to be
disposed of as wastes or stored until reprocessing o~ an
alternative use of spent fuel is implemented. The has
recently announced its spent fuel management policy . __iLeby the
federal government will take title to utilities® spent fuel and
provide interim storage facilities by 1983 and radioactive waste
disposal facilities by 1988. However, the capacity and location
of these facilities have yet to be defined. Furthermore, a
policy has yet to be implemented on a firm basis through the
enacti n of legislation and otter necessar, actions. In
addition, considering the anticipated large accumulation of spent
fuel irventory in the U.S. by 1983 , it is not known whe¢ Vepco
would be able to ship spent fuel to the facility .ce in
operatio.i. This condition necessitates that the majority of
spent fu:l discharged from operating reactors be stored until at
least the late 1980°'s.

With the opresent number of fuel racks available at the
North Ania fuel pool, Vepco anticipates 1loss of full core
discharca2 in the Winter of 1981. The ability to discharge one
third ccre for a normal refueling will be lost in the Fall of
1983. In order to avoid a problem with spent fuel storage
capacity it North Anna Power Station Units 1 and 2 (which resulcs
from insutficient storage, reprocessing, or disposal facilities),
it is desirable to replace the existing fuel racks with the high
density fuel racks before any spent fuel is stored. This will
minimize radiation exposure to installation personnel.
Therefore, Vepco plans to conplete the high density fuel rack
installation as outlined in this report.

Therefore, the most priudent course of action to satisfy
the necessity for storage of our spent fuel until the late 1980°'s
is to complete the modification as described herein.



3.0

PROPOSED ACTION AND SCHEDULE

The Virginia Electric and Power Company has contracted with
NUS Corporation to design, engineer, and manufacture the new

spent fuel storage rackse.

The following are key dates associated with the proposed
modification:

Date Description
July, 1976 Placed crder with vendor
April, 1978 Culsnit report to NRC
October, 1578 Receive NRC approval
October, 1978 Commence rack installation
November, 1978 Complete rack installation

In summary, the additional storage capacity will provide
VEPCO with additional operating f£lexibility which is
desirable even 1if adequate offsite storage <rfacilities
hereafter become< railable.
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4.0 ALTERNATIVES TO THE PROPOSED MODIFICATION

The proposed modification has been chosen after an
evaluation of the possible alternatives to delay a possible
shortage of spent fuel _ _orage . capacity. The following
alternatives were considered:

1. Expand the spent fuel storage capacity at the nuclear

station
2. Ship the spent fuel to reprocessors or commercial storage facilities.
3. Reduce the unit rating by operating them at less than 100 percent
power
' Shutdown the operating units when existing storage capeccity is
depleted
. 18 Build new storage pocls
6. Shi; fuel to Vepco's Surry Power Station
T Store spent fuel at Department of Energy (DOE) Facilities
8. Ship fuel to other utilities
9. Physical Expansion of Existing Pool
10. Storage at North Anna Units 3 and 4

Each of the above alternatives is discussed below.

4.1 Increase Storage Ccnacity of the North Anna 1 and 2
Shent Fuel Pool

The storage capacity of the spent fuel pool can be
increased by replacing the existing racks with racks of reduced
center-to-center spacing resulting in an increased storage for a
total storage of 956 fuel assemblies. This modification will
require a minimum of physical changes to the pool structure. ‘he
racks will be manufactured offsite anu will be shipped to :he
station for installing; thereby reducing disruption of no-.mal
operation.

The proposed modification will not alter the external
physical geometry of the spent fuel pool or require additional
modifications to the spent fuel pool cooling or purification
system. The proposed modification does not affect in any manner
the quantity of wuranium fuel utilized in the reactor over the
anticipated ovperating life of the facility. The rate of spent
fuel generation and the total quaitity of spent fuel generated
during the anticipated operating lifeuime of the station and
stored 1in the spent fuel pool remains unchanged as a result of
the proposed expansion. The modification will increase the

Y G ’1
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number of spent fuel assemblies stcred in the spent fuel pool as
well as th° length of time that some of the fuel assemblies will
be stored . -he pool.

The approximate cost of the spent fuel racks is
$2,600,000, exclusive of installation. The cost of installing
the racks is estimated to be $100,000, which yields an estimated
total cost of the modification to be $2,700,000. Based on the
increased storage capacity of the spent fuel storage pool from
400 to 966 fuel assemblies, the approximate cost of the
modification per added fuel assembly is $4,770. No additional
operating costs will be incurred as a result of the modification.

_ Based on eccnamic and operatiocnal considerations, as well as
existing conditions, the expansicn of spent fuel storage capacity of the
existing pool provide: the most feasible alternative to delay a possib «
shg;::gg of spent fuel storage capacity. Therefore, this alternative was
se ;

4.2 Shipment to Reprocessors or Commercial Storage
Facilities

The shipment of spent fuel trom North Anna Units 1 and 2
to a commercial fuel reprocessing or storage facility cannot be
relied on as a viable alternative at this time.

On April 7, 1977, the President issued a statement
outlining his policy on continued development of nuclear energy
in the United States. The President stated that: "We will defer
indefinitely the commercial reprocessing and recycling of the
plutonium produced in the U.S. Nuclear Power Programs.®™ JAr a
direct result of the current policy on reprocessing and recycling
as stated ahove, these services are not expected to be available
to Vepco in t. ~ near future.

Presently, three private companies have unused storage
space. Allied-General Nuclear Services (AGNS) has an unused
Storage space of approximately U400 MTU as spent fuel at its
Barnwell Fuel Reprocessing Ilant in Barnmwell, Scuth Carolina, and
Nuclear Fuel Services (NFS) has an unused storage space of
approximately 395 MTU as spent fuel at its plant in West Valley,
New York. However, NFS 1is not willing to accept additional
quantities of spent fuel for storage, and, under existing
conditions, AGNS cannot be ocnnsidered realistically to be a
source of spent fuel storage capability at this time. Even if
NFS and AGNS would receive spent fuel for storage, the associated
shipments would be uneconomical becanse of additional handling
and, shipping costs. Assuning appruoriate shipping vehicles are
available, it is estimated that the cost of shipring the
additional 566 assemblies, which couid be stored at North Anna
with the use ot high density racks, to the Barnwell Plant would
be in excess of $6,500,000 (in 1977 dollars) which is equivalent

., "- ', '\:""l -
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to $11,485 per added fuel assembly. This cost is based on
preliminary cost data with no firm contractual arrangements.
Charges for storage at Barnwell and subsequent transportation
from the AGNS plant to a potential Federal storage facility or
another commercial facility would be additional.

The third company, the General Electric Company (G. E.),
also cannot reasonably be expected to provide commercial storage.
G. E.'s Midwest Fuel Recovery Plant near Morris, Illinois, is
presently capable of storing approximately 700 MTU as spent fuel
with an application before the NRC to expand this capacity to
approximately 1,800 MTU. However, all of this space is
considered by G.E. to be reserved for other utilities. Even if
such storage space were made available to Vepco, additional
handling and shipping costs make this alternative economically
unacceptable. A similar estimate of the cost of shipping 550
assemblies from North Anna to Morris, Illinois, based on
preliminary cost data with no firm contractual arrangements,
resuits in costs exceeding 39,500,000 (in 1977 dollars) or
$16,785 per added fuel assembly.

Therefore, these alternatives are unacceptable because
of economic, operational, and availability considerations.
However, should storage be required beyond the time allowed by
using nigh aensity racks, any of these alternatives may be
implemented.

4.3 Reduce Output of the Two Units

The amount of spent fuel to be shipped could be reduced
by lowering the units' output, thereby extending the life of the
fuel. The obvious discrepancy in this alternative is that the
unit could not be operated to the extent possible and the amount
of electrical power generated would be reduced. This altermative
is not viable because it does not effectively use the resources
available and would result in a significant aincrease in fuel
costs to Vepco customers for replacement power from either Vepco
owned facilities or electrical purchases from other utilities.

4.4 Shutdown of the Units

Assuminug that the storage capac' .ty of the pool remains
the same and no offsite shipments are made, the units would have
to Dbe shutdown in late-1983. This is :learly not a viable or
practical alternmative. The generation prov ad by the nuclear
units is necessary to supply customer recu.rerents at the lowest
cost possible. An economic evaluation would show that in a
matter of several days, at aporoximately $250,000 per unit per
day, the replacement cost of North Anna generation would exceed
that or the proposed modification.



4.5 Build New Storage Pools

Additional =storage capacity could be made available by
building a new storag: pool, either on or offsite. A detailed
evaluation has not bLeen performed because of the obvious large
cost associated with such a facility. The current estimate is
approximately $25,000,000 (in 1977 dollars) or about $22,007 per
added fuel assembly. Another cost resulting from this
alternative is the cost associated with double handling the fuel.
Also such a facility would require four to six years to design,
license, and construct; therefore, it does not satisfy our near
term requirement of completing the modification before the first
refueling of Unit 1 which would result in spent fuel being stored
in the pool or our intermediate term requirement of avoiding a
possible shutdown of the units in 1983.

This alternative is unacceptabl~ because of economic,
operacional, and availability considerations. However, should
the completion of the aforementioned DOE and commercial storage
programs be significantly delayed, this alternative may
constitute a possible long term solution.

4.6 Shipment of Spent Fuel to Surrvy Power Station

Unit 1 of Vepco's Surry Power Station, located
approximately 110 miles (road mileage) SE of North Anna, has been
in operation since 1972. Surry Unite 1 & 2 will be equipped with
Fi~h density racks, with a capacity of 1,044 spent fuel
&3 emblies. Shipment of spent fuel between North Anna and Surry
could be carried out; however, it has several distinct
disadvantages.

Shiprent of spent fuel from North Anna to Surry would be
a very snort—-term solution. Acsuming & full-core discharge
capability is maintained and the spent fuel from MNorth Anna 1 and
2 (in excess of its existing design capacity) and Surry 1 and 2
is stored in the Surry pool, the full-core discharge capability
of the pool would be exceeded in 1983. If full-core discharge
capability is not maintained, the pool's capacity would be
exceeded in 1984. Thus, the storage capacity of the Surry pool
would be exceeded before the expected availability date of DOE's
aforementioned storage facility. Taking into consideration the
critical need for these facilities at the time they become
available, as well as the possibility of additional delays, it is
not prudent to depend primarily on intra-system shipments to
alleviate the North Anna storage problem.

Thercfore, although it is a viable alternative in the
very near term, intra-system shipment of spent fuel is not
advantageous for the reasons outlined above. In the event of an
emergency, intra-system shipments could be made.

o
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5-11-79

4.7 Shipment to and Storage of Spent Fuel at DOE Facilities

As previously stated, the DOE's spent fuel management
policy calls for the DOE to provide interim storage capacity to
utilities. The DOE could do so by utilizing any of the three
followirng alternatives: (1) present commercial storage and
reprocessing facilities; (2) present domestic Federal facilities;
and (3) new Feleral facilities. However, the use of any of these
facilities would involve substantial transportation and double
handling costs thereby making this alternative economically
unattractive at this time. In addition, it does not seem prudent
at this time for Vepco to rely solely on the availability of DOE
facilities because of the preliminary nature of the DOE spent
fuel program.

4.8 Shipment to and Storage at Other Utility Storage Facilities

This alternative is mentioned only for completeness and
is not considered to be a viable alternative. Because of the
increasing lack cf alternative storage, reprocessing, or
permanent disposal capabilities, all utilities are faced with the
sane storage problem. Even if other utility pools were
available, the ecocnomics of such shipments would be unfavorable.
Again double handling would be required and would be similar to
the cther alternatives discussed.

4.9 Physical Expansion of Existing Pool

The alternative of physical expansioa of the spent fuel pool would
cousist of removing one wall of the fuel pool and expanding the fuel
Fool in the direction of the removed wall. At present the fuel

pool is bounded on four sides by existing structures necessary for
the operation of Units 1 and 2 at North Anna. Those structures are
cn the north side the auxiliary building, on the west side the unit
two containment, on the east side the unit one containment, and on
the south side the decontamination building, the waste solidification
area, the waste gas decay tanks and the primarv water storage tanks.
The work, time, and money involved including the moving of the structures on
any side of the expansion of the fuel pcol would be in excess of
building a new fuel pool, which is discussed in Section 4.5. This
would have to be done with no spent fuel in the pcg) and the power
station would have to shut down during the conscruction.

10




5-11-79

4-10 Storage at North Anna Units 3 and 4

North Anna Units 3 and 4 are expected to be complete in the mid
to late 1380's. This is too late to avert a loss of full core discharge
capability in 1981 or a loss of refueling discharge capability in 1983. It
is difficuit to accelerate the completion of the fuel building because of its
early stage of construction and because of dependence on the service wate. and
component cooling water systems which will run throughout the facility.
Licensing and corstruction problems make this solution unreliable at best.

Hellk Surmmary

Based on a review of _he possible alternatives, the proposed

modification is the best and has been sclected to be implemented pending
NRC approval.
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5.0 EXISTING FACILITIES -

The existing spent fuel storage pool is common to both units
and has a total storage capacity of 400 fuel elements.
Figures 5-1A and 5-1B show the arrangement of the building.

5.1

5.2

Fuel Building

The fuel building is a Class I seismic structure and is
supported by a reinforced concrete mat on bedrock.

The spent fuel pool is a reinforced concrete structure
with a 1/4 in. stainless steel (304) liner. The pool
is designed for the underwater storage of ipent fuel
assemblies and control rod assemblies aiter their
removal from the reactor. It is designed to
accomwmodate a total of 400 fuel assemblies and a spent
fuel shipping cask. These assemblies are stored in
25 fuel racks, each containing 1¢ fuel assemblies each.
In the currently installed racxks, fuel assemblies are
placed in vertical cells, grouvped in parallel rows
having a minimum center-to-center distance of 21 in.
in both directions. Restraining clips, which are
welded to the floor embedment pads, prevent lateral
motion of the spent fuel storage racks.

Fuel Pool Cooling and Purificaticn Svstem

The spent fuel pool is equipped with a spent fuel pool
ccoling system to remove decay heat and a purification
system for maintaining fuel pool water quality. These
systems are shown schematically in Figure 5-2.

5.2.1 Design Basis

The fuel pool cooling and purification system is
designed to:

a. Remove the residual heat produced by one-
third of an irradiated core 150 hr after
Y .acCTor shutdowvn while maintaining the
spen. fuel pit water temperature at or
below 140 F with one fuel pit cooler and
associated punp with 108 F component
cooling water {i.e., normal condition).

b. Remove the residwal heat produced by one
irradiated core 150 hr after shutdown and
one-third irradiated core 45 days after
shutdown, while maintaining the spent fuel
Fit water at a temperature of 170 F or less
with one Fump and two coolers with 113.2 F
component cooling water (i.e., abnormal
condition) .

C» Remove soluble and particulate impurities
from the water in the spent fuel pit,

: 352 %00
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5.2.2

5.2.3

5-11-79

either reactor refueling cavity, and either
refueling water storage 'ank, tou maintain
the cavity water optically clear and
radiation levels within acceptable 1limits.

Description

The fuel pool cooling and purifl
two shell and tube heat excra:ii
cireulating pumps, and three 1.0 1
purification pumps, all located in the fuel R
building. The heat exchangers and pumps are arrange

for cross-connected operation. The heat exchange¥s

are cooled with component cooling water with service

water available as an emergency supply of cooling water.

fication system has
oers. two }
percent capacli]

The purification pumps take suction at the
ontlet of the fuel pool coolers and pump pool
water to a demineralizer and filters located in
the auxiliary building. The demineralizer or
the filters can be Dbypassed if not required.
The water returns to the fuel pool at the end of

.the pool opposite the suction point to assure

mixing. The purification system is run
independently of the cooling system whenever
purification is required. 7The surrace or the
water is kept clear of floating matter by two
permanently installed skimmers connected to the
suction of the spent fuel pit cooling pumps.
The fuel pool skimmers are also provided with a
pump which allows the skimmers to be operated
when the fuel pool cooling pumps are not in
operation.

The spent fuel pool cooling and purification
system is designed as a Class I seismic system.
All piping, valves, and comoonents which come in
contact with the fuel pit water are austenitic
stainless steel. Design data for components of
the system are summarized in Table 5-1.

Svstem Operation

The existing spent fuel pool cooling system is
equipped with two circulating pumps and two fuel pool heat
exchangers, Redundant piping is provided from the fuel pit
through the pumps and coolers to the main return header
located above pool water level,

The 400 gp. filterinc rate of the purification
system results in a clean-up half life of 27 hr
and maintains susvended soiids at a low
concentration ior optical clarity. The skimmer

. 207
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TABLE 5-1 -

FOEL PIT COOLING SYSTEM COMPONENT DESIGN DAT!

Fuel Pit Coolers

Number p

Design duty, Btu/hr each 56,800,000
(with tube inlet 210 F and
shell inlet 1305 F)

Shell Tube
Fluid flowing Component cooling Fuel pit water
water or service
water
Design pressure, psig 150 100
Design temperature, F 150 212
Operating pressure, psig 110 45
Material Carbon steél A Stainless steel
' type 304
Design code ASME VIII, ASME VIII,
Div. 1-1968 Div. 1-1968
Spent Fuel Pit Pumps
Number 2
Type Borizontal centrifugal
Motor horsepower, hp 100
Seals | Mechanical
Capacity, gpm 2,700
Head at rated capacity, ft 80
Design pressure, psig | 125
Design temperature, F 250
1.

2 352 305



TABLE 5-1 (Cont'd) -

Materials
Pump casing Stainless steel type 316
Shaft Stainless steel type 316
Lrpeller Stainless steel type 316

Refuelin Purification Pumps

Numl ox 3
Type Vertical centrifugal
Motor horsepow r, hp 20
Pump capacity, gpm 400
Seals Mechanical
Head at rated capacity, ft 99
Design prrssuré, psig 185
Design temperature, F 200
Macerials
Pump casing Stainless steel type 316
Shaft Stainless steel type 316
Impeller Stainless steel type 316
Refueling Purification Filter
Number 2
Retention size, microns 3

Filter element capacity, gpm

at 5 psid, normal/max. 300440
Material Stainless steel type 304
Design pressure, psig 150
Design temperature, F 250
2.
352 i0s
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TABLE 5-1 (Cont*d) -

Refueling Purification Ion Exchanger

Numbe r

Active volume, cu ft
Design pressure, psig
Design temperature, F
Demineralizer resin
Materials

Design flow rate, gpm
Design code

Skimmer Asser.lies

Number

Debris basket
Design temperature, F
Flow rate, gpm each
Material

Housing, base, and deck

Plate frame

Debris basket
Gasket

Screws and springs

Fuel Pit Cooling Piping and Valves

Materials

Design code

18

1

45

200

250

50,/50 cation-anion
Stainless steel type 316L
200

ASME VIII, Div. 1-1968

4-2 in spent fuel pit,
1 in each reactor cavity

1/8 in. x 1/4 in. openings
210

25 (min) to 55 (max)

High impact grade cycolac

(Acrylonitrile-Butadien-
Styrene)

Polypropylene
Buna-u

Stainless steel 300
Series 18-8

hustenitic stainless
steel

ANSI B31.7-1969 and
ANSI B31.1-1967
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filter rcmoves particles which fall and float on
the water surface thus reducing the amount of
impurities entering the water and reducing
surface refraction.

5.3 Fuel Building Ventilation System

The fuel buildiny is equipped with a ventilation system
to provide high-efficiency filtration, heating to
inhibit thz buildup of condensation, and exce's exhaust
flow to maintain a negative pressure in the bLuilding to
prevent outward leakage.

5.3.1

Description

The fuel Dkuilding wentilation system has two
supply fans, cne to serve the spent fuel pit
area and one for the remote equipment space at
El. 249.33. Both take succion from a common
plenum fitted with a combination roll and high-
efficiency filter (95 p2rcent atmospheric dust
spot efficiency) ard steam coils for air
tempering and space heating. The exhaust fans
Gischarge through the ventilation vent and are
arranged for selective bypass through the
auxiliary building filter bank. The area of the
ra2mote egquipment room subject to radioactive
contamination is exhausted by a branch from the
decontamination building exhaust system.

The design provides (1) sufficient air at a tem-
perature tuat will inhibit condensation on ' the
overhead structure to «void drippage into the

pool, (2) high-efficiency supply air filtration

to minimize dust clouding of the surface, and
(3) supply air Jdistribution to avoid ruffling
the surface. The dual exhaust combined with
two-speed supply fan arrangement provides step
capacity control and protection against a single
failure. The exhaust is continuously vented
th, ough :he ventilation vent, with the
capability to bypass tarough the auxiliary
building iodine filter bank. The exhaust is
filtered continuously during irradiated fuel-
handling operations to prevent the spread of any
possible airborme contamination through the
exhaust air system.

The frel building exhaust also discharges air
entering the fuel building from the tunnel
betweer: the fuel building and the waste disposal
building. ,

5.4 Instrumentation inplications

Instrmamentation provided gives local indication in the
fuel building and the auxiliary building and remote

19 552 208



indications and alarms in the main control room.
Unit 1 control board indication and alarms include:

1. Fuel pit temperature indication

2. Spent fuel pit temperature at >140 F and >170 F

3. Spent fuel pit high/low water level with the low-
level alarm 6 in. below normal water level
(El. 289.33)

4. Start/stop switch for spent fuel pit cooling pumps
with run indication on both Units 1 and 2 main
control boards

5. High differential pressure alarm for the refueling
curification filters

Local indications include various flows, temperatures,
pressures, and differential pressures.

The system instrur :tation, including the spent fuel

pit level and t¢ "perature instrumentati-n, are
calibrated on a periodic basis.

20



5.5 Operating Experience at Surry Power Station

Based on the operating experience VEPCO has received at
Surry Power Station, Unit Nos. 1 and 2, similar results
are expected at North Anna since both are of similar
design. The information that follows has been
extracted from information from Surry Power Station.

The operating history of Unit Nos. 1 and 2, Surry Power
Station, has been reviewed in light of the fuel pool
cooling and purification system, ventilation system,
personnel exposures, etc. The purpose of tuis review
was to confirm the satisfactory operation of the
systems and to provide baseline data for estimating the
effect the proposed modification may have. Unit Nos. 1
and 2 have operated for about 45,480 and 42,360 hr,
respectively, and have generated a gross electrical
output of approximately 43,179,352 megawatt-hours as of
February 28, 1978.

The operating experience at Surry Power Station has
been grouped into four general areas for purposes of
discussion:

1. Performance of the spent fuel pool cooling and pur-
ification system

2. Environmental conditions in the fuel building
3. Ventilation system
4. Radiation exposure

5.5.1 Performance of Spent Fuel Pool Cooling and Pur-

—

ification Svstem at Surrv Power Station

Operating experience with the spent fuel pool

cooling system has been excellent to date. As

of March 1, 1977, 292 fuel assemblies were

stored in the pool. The pool water temperature

has been maintained at about 95 F all year

round. This temperature has been maintained

using only one train of cooling, i.e., one pump

and one heat exchanger. During normal

operation, both trains have not been operated

simultaneously since one train maintains proper

temperature. This system  has performed

satisfacrtorily. ‘
|
\
|
|
|

The normal flow rate for the purification sys 'm
is about 110 gpm ana rewains in operation cocn-
tinuously to maintain a clean and clear pool.
The maximun allowable differential pressure
across the filter is 15 psi. The maximua
allowable differential pressure . across the
demineralizer is 25 psi. If the pressure drop
ac:ioss the filter or demineralizer exceeds the



allowable wvalue, the filter is replaced or the
resin is replenished, respectively.

The radiation levels at the demineralizer are
usually from 1 R/hr to 4 L/ hr. The filters are
normally changed because of high pressure drop
and usually bhave radiation 1levels of about
100 mR/hr. The filters are normally chance
prior to each refueling, i.e., twice per vyoe
assuming two units are operating. In changinc
filters an individual receives an exposure of
about 150 mR. In replacing the resins in the
demineralizer, approximately 55 mR is received.
This exposure is divided among three
individuals.

Pool Environment Conditions

The spent fuel pool purification system removes
both radioactive and nonrcdiocactive narticulates
frow the pool water. The purity ol the pool
water 1is normally maintained letween 0 to
0.3 ppm, with a maximum particulate concentra-
tion of about 0.2 ppm. This purity level
provicdes sufficient optical claricy for
refueling operations.

Based on samples taken since station start-up,
the followinog major isotopes have been detected
in the pool water in the approxxmate concen-ra-
tions indicated below.

Concentration (micro Curies /tl)

Isotope Normal Maximuwa Minimum
Cs=134 0 1.2 x 10-¢ 0
Cs-137 10=% to 10-5s 1.3 x 10~ 0
Co-58 10=3 to 10—+ 1.5 x 10-3 6.6 x 10—+
Co-60 10=3 to 10—+ 1.1 x 10-3 4.8 x 10+
I-131 0 6.5 x 10-5 0
Gross 10=3 to 10-5 1.1 x 10-3 5.0 x 10-5
Activity

Crud buildup along the sides of the spent fuel
pool has not significantly affected the
radiation levels on the edge of the pool. Smnear
samples from the sides of the pool had the fol-
lowing activities:

22 e



5.5.3

5.5.4

Isotope Concentration (micro Curies/cm2)

Cs-134 1.53 x 10~
Cs-137 5.60 x 1010
Co-58 1.47 x 10-3
Co-60 2.54 x 10-3

The crud buildup on the sides of the »ool is
removed with hydrogen peroxide (H202).

Ventilation System Experience at Surry

The wventilation system in the fuel building has
maintained the levels of radioisotopes in the
atmosphere in the building at acceptable
concentrations. During normal station
operation, i.e., refueling is not in progress,
the gross activity above the pool watar is about
1 x 10-11 to 1 x 10-10 micro Ci/ml. The
principle isotopes noted are Co-58, Co—60,
Cs-134, and Cs-137. During refueling

‘operations, I-131 levels of 5 x 10-11 to

5 x 10-«0 micro Ci/ml have been noted. Other
isotopes, Co-.8, Co-A0, Cs-138, and Cs-137, have
been noted in the concentration of 1 x 10-19 to
1 x 10-° micro Ci/inl. Tritium E-3 and ERr-8S
have not been detected in the fuel building. As
stated, I-131 has only been detected in the fuel
building during refueling cperations. During
refueling, the fuel building wveatilation is
directed through the auxiliary building charcoal
filters, with a decontamination factor of about
100. The fuel building exhaust contributes
about one-half of one percent (0.53) of the
total I-137' released from the ventilation vent
during the refueling period.

Radiation Exposure at Surry

Based on 208 fuel assemblies stored in the fuel
pool, individuals would receive the following
exposures for the locations indicated:

Exposure
{(mR/hr) conuLocation

3.5 to 5.0 Six in. above surface of water
0.7 to 1.5 Waist level a* the edge of the pool

0.5 to 1.0 Fuel bridge

23



5.5.5

Based on working in the fuel building for a
10-hr day, an individual would receive approxi-
mately 15 mR.

Radioactive Waste Experience at Surry

The spent fuel purification system generates
certain radioactive waste which must be shipped
off-site for disposal. when the filters are
changed, they are placed in 55 gal drums for
shipment as "low specific activity solid waste.”™
Two 55 gal Jdrums of solid radioactive waste
(approximately 15 £t3) are generated annually.
Skimmer filter chances on the average produce an
additional 15 fi3 of solid waste annually. The
spent fuel pool ion exchanger resin is replaced
twice a year producing about 90 ft3 of solid
radioactive waste. Thus, the total radioactive
waste generated annuallv by the spent fuel
purification system is approximately 120 ft3.

Approximately 60 ft3 Of solid radioactive waste
is associated with spent fuel storage for each
refueling. A typical refueling outage produces

"about 1,000 to 1,500 £ft3 of radiocactive waste.

L
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6.0 DESIGN OF NEW HIGH DENSITY SPENT FUEL STCAAGE RACKS

6.1 Introduction

This section presents a detailed description of the modified fuel
racks and comprehensive analyses of these racks which show their
capability to safely store spent fuel for an extended period of
time.

b.2 Gereral Description
GsZel Present Design

The spent {uel pool cwrently has a capacity o1 400 fuel
assemblies of the Westinghouse 15 by 15 or 17 by 17 array design.
The present storage racks consist of wvertical cells on a
center-to-center spacing of 21 in., which are fasteued together
to form 4 by 4 array racks. The racks are decigi.e. for peak site
earthquake accelerations of .24g in the horizontal direction and
«16g in the vertical direction. The spacing of iuzl bundles in
the spent fuel storage pool is designed to maintain keff less
than 0.90, even unuer accident conditions.

6.242 High Density Storage Rack Design
6.2.2.1 Design Basis

The f[oilowing design bases apply to the high density spent fuel
storage rack design. Other design bases for the spent fuel
storage facility remain unchanged.

a. Fuel storage space s provided in the spent fuel stcrage
pool for the 966 fuel assemblies.

b. The center-to-center spacing between stored fuel
assemblies in a fully loaded rack is sufficient to
maintain a keff equal to or 1less than 0.95 rfor the
normal wet condition and for all abnormal and accident
cenditions. This design basis is met even with fresh
fuel of up to an egquivalent 3.50 w/o0 U-235 enrichment
(4.2 grams of U-235 per axial oem.), a conservative
water temperature of 68 F, and no credit for either
fixed poison in the fuel assembly or scluble boron in
the fuvel pool water (this design basis is discussel in
Section 6.4) .

C. The modified rack design precludes storage of a fuel
assemply other than where intended, in the racks.

d. The modified racks are classified seismic Category I and
are designed to withstand tne effects of the Design
Basis Earthquake (DBE) and vyet remain iunctional and
maintain subcricicality.

25



e. The modified racks are desiyned to withstand either a
dropped fuel assembly or the upward force of a stuck
assembly without loss of function (structural analysis
is discussed in Section 6.5 and accident analysis in
Section 6.7) .

L. The racks are designed to allow adegquate cooling of the
stored spent fuel assemblies (this is discussed in
Section 6.6) « !

6.2.2.2 Design Description

The high density spent fuel rack design utilizes a
center-to—center spacing between storage cells c¢f 14 in. to
increase the storage capacity. Each storace location consists of
an austenitic, Type 304, stainless steel sgquare tube, which is
separated frcm adjacent tubes and held firmly in place by steel
plates welded tn the sides of the tubes at several elevations.
The tubes are grouped in this manner to form upper rack
assemblies, which are welded to a pre-assembled welded base. The
base consists of beams and plates with an openirg at each storage
lccation to receive the fuel assembly nozzle and allow cooling
water to enter the assembly. The racks are free-standing but
restrained from lateral motion under seismic excitation by
reswaints welded to¢ embedment plates in the pool floor. The
modif .ed rack design anc spent fuel pool layout of the revised
racks are shown in Figures 6.3-1 and 6.3-2, respectively. The
mechanic:) design i3 discucssed mors fully in Section 6.3.

6.3 Mechanicai Design
6.3.1 Fuel Rack Description

The modified spent fue) storage racks, shown in Figure 6.3-1,
cons’st of square stainless steel tubes of 1/8 in. thick Type 304
austenitic stairless steel. They are svaced at 14 in.
center—to-<center by Tyve 30t stainless steel plates. The plates,
which are also 1/8 in. thick, are welded to the sides of the
square storage tubes at four elevations. The tubes are flared at
the to~ to permit easy storage and retrieval of the stored fuel
assemblies, and to be compatible with the fuel handling
equipment. Three different rack cell arrays are utilized to
maximize use of che available fuel stcrage space in the pool.
The upper rack structure is welded to an elevated base which is a
system of welded beams and stiffeners. Te Dba.2 serves to
support +*he weight of the fuel assemblies and to distribute the
1cad on the pool floor. The base, which contains an opening at
each fuel assembly storage location to permit coolant flow,
accomnodates the tuel assembly bottom nozzlz. Natural
circulation of pool water flows down between the storage tubes
ar.d up throt;h the bottow nozzle and the fuel assembly to remov:>
decay heat. The storage cells are designed to provide lateral
support for stored assemblies of the Westinghouse 15 by 15 or
17 by 17 array design and otlier assemblies with the same external
dimensions and similar lower nozzle design.
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To prevent lateral movement of the racks, particularly from
seismic excitation, the rack legs are restrained on their outer
faces by right-angle plates which are welded to embedmnent plates
in the spent fuel pool floor. The angle plates are positioned to
allow for thormal expansion. The legs, which raise the racks off
the floor to allow natural circulation flow, are sguare w'th
gussets for reinforcement. Shims are used to level the r: xs
during installation.

Each corner of the one & by 4 row storage rack has a floor bolt
which restrains the rack tipping motion during seismic
excitation. The bolts are positioned to allow the rack to slide
horizontally and to be engaged only if a tipping motion occurs.
During lateral movement, the rack legs will mak~ contact with the
aforementioned angle plates rather than engaging the bolts. All
of the other racks are larger (6 by 6 or 6 by 7 rows) and do not
require floor bolts.

The racks, including the base structure, the angle plates,
cmbedment plates, and spent fuel pool liner are all stainless
steel. Thus, galvanic corrosion is not a problem. Stainless
steel has also been shown to be compatible with spent fuel pool
water and the ctored assemblies.

6:3.2 Modified Fuel Rack Codes and Standards

The design and fabrication of the hich density srent fuel storage
racks will b2 performed in accordance wit applicable portions of

the following codes and standards.

6.3.2.1 Design Codes

a. AISC Manual of Steel Construction, 7c¢h Edition, 19/0'

b. ASME Boiler and Pressure Vessel Code, Sc>ction I7I,
Nuclear Power Plants Components, 1974, includii..a Add:nda
through Winter, 1974 (Used for allowable stress values,
coefficients of thermal expansion, and mo uli or
elasticity)

Ce AISC ®Specificarion. for the Desiqn, Fabrication, and
Erection of Structural ‘“ieel for Buildings,"™ February
10, 1969, and Supplements 1 through 3 (Supplement 3 was
effective 6/12/74.)

6.3.2.2 Material Svecifications

a. ME Specification SA-240, Specification for Stainless
and Heat—-Resisting Chromium and Chromium-Nickel Steel
Plate Sheet and S<rip for Fusion - Welded Unfired
Prc :sure Vessels

b. ASME Specification SA-320, Specification for Alloy Steel
Bolting Materials for Low Temperature Service

s~
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€. ASME Specification SFA-5.9, Corrosion-Resisting Chromium
and Chromium-Nickel Steel Welding Rods and Base
Electrodes

6.3.2.3 Welding Codes

a. ASME Boiler and Pressure Vessel Code, Section IX-1974,
Welding and Brazing Qualifications

b. Regulatory Guide 1.31, Rev. 1, "Control of ctai.less
Steel Welding,® June 1973 (as moiified by Branch
Technical Position MTEB 5-1, November 2L, 1975)

6.3.2.4 Quality Assurance, Cleanliness and Packajin-
Requiremenis as Applicable to the Spe2at Fue. Racks

a. S&6W and VEF"O requirements

b. Regulatory Guide 1.38, ™Quality Assurance Requirements
for Packaging, Shipping, Receiving, Storage, and
Handling of Items for Water—(Coolec. Nuclear Power
Plants," March 1973

€. ANSI N45.2.1-1573, "Cleaning of Fluid Systems and
Associated Components During Construction® .

d. ANSI  N45.2.2-1972, "Packaging, Shipping, Receiving,
Storagz and Handling of Items for Nuclear FPowei Fiauis®

In addition, the racks are designed in accordance with the
ai plicable portions of the following:

ANSI N210-i976 ™Design Objectives for Light Water Reactor
Spent Fuel Storage Facilities at Nuclzar Power Stations"®

6.0 Criticality Analyses

In order to verify that the design basis presented in Section 6.2
pertaining to criticality is met, analyses were verformed for the
normal, wet storage of spent fuel and for accidents pertaining to
srent fuel storage. The accident analyses are presented in
Section 6.7. The analysis of normal, wet storage of fuel assumes
nominal conditions plus geometric material and calculational
uncertainties. A parametric study is also presented to show the
sensitivity ot the results to variations in the assumed
parcemeters. The analyses are based cn storage of Westir jhouse
17 by 17 fuel. 1In addition, an adjustment has been made to
account for A higher reactivity due to the presence of
Westinghouse 15 by 15 fuel in the event such fuel should be
transferred to the North Anna Power Station for interim storage.

6.4.1 Assuﬁgtions

The calculations were based on the following conservative
assumptions:

LN |
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ae. Fresh fuel of an equivalent enrichment of 3.50 w/o U-235
(484.2 grams of U-235 per axial cm)

b. Water temperature of 68 F
Ce Fuel racks are infinite in three dimensions.

d. Fired neutron poisons in the fuel assembly are neglec-
ted.

e. No credit is taken for neutron absorption by structural
- materials in the rack system, except the stainless steel
tubes.

f. “No soluble neutron poison in the pool water

A uniform array of 3.50 w/o enriched fu2l is also assumed,
although calculations have shown that this assumption is
conservative compared to the more realistic one of distributed
enrichments within the array.

6.4.2 Methods of Analysis

The majority of the calculations were performed with methods
commonly used in 1light water reactor design; i.e., U—group
diffusion theory cell calculations using PDO-07. Cross sections
for these calculations are generated with NUMICE, the NUS version
of 1.ROPARD, This code uses the same cross-~gection library tape
and calculational techniocues as LEOPARD.

Selected cases were checked and the final design multiplication
toctors were verified with ldonte Carlo calculations using XENO
with 123~group—Cross—-sections. The 123—aroup—cross—section
library is generated from a basic GAM-THERMOS library using two
subroutines, WNITAWL and XSDRNPFM ia the AMIX code package. BRoth
the PDQ code with cross-—sections Lased on the LEOPARD library,
and the RENO code using the 123-group—cross-section librarv have
been benchmarked. The geometry of the fuel rack used in the
calculations is shown in Figures 6.4-1 and €.4-2.

6.4.3 Results of the Analyses

Under nom..nal conditions, a rack assembly as shown in
Figure 6.4-1 with a center—to—center spacing of 14 in. between
two adjacent storage locations and 1/8 in. Type 304 stainless
steel storage tube., results in a keff of 0.889 based on KENO
analyse:.. Considering maximum variation in the position of fuel
assembl .es within the storage rack, engineering tolerances,
seisnic induced deflections, and <calculational uncertainty
resultel in a ketff of 0.923 with 21 confidence level of
95 percent. This keff still meets “he design basis to maintain
keff equil to or less than 0.95 for the normal wet conditions.
The alx ve uncertainties are discussed further below and
suinmarize. in Table 6.4-1.

) :“‘
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6.8.3.1 Calculational Uncertainties :

In gyeneral, the 4-group PDQ diffusion calculatio. . produce keff
values comparable to the Monte Carlo calculations. Calculational
uncertainties in the use of PDQ with cross section: based on the
LECPARD library have been obtained by comparing the results of a
series of Dbenchmark calculations with critical experiments.
These comparisons (Reference 1) have shown that the average
difference bctween the calculations and experimental results was
0.009 delta-k. Thus, the LEOPARD-PDQ calculation can be used
with confidence in predicting reactivity effects in this type of
lattice.

However, to establish the ahsolute value of k, the KENO code was
used to establish the uncerctainty appropriate for this method.
The KENO code using the 123-group GAM-THERMOS cross-section
library has been benchmarked. For a series nf ten experiments
veported in Reference 2, the average keff as calculated using
KENO and 1.3-group—cross—sections was 0.9914% + .0020. Using the
same method, NUS has performed another benchmark on one of the
Yankee critical experiments (Reference 3, page 82) with Ag-Cd
cruciform control .ods banked at 26.37 cm from the bottom of the
fuel. The calculated keff was 1.0077 + 0.0038. On the basis of
the above comparisons with criticals a calculatiocnal uncertainty
of + .0U86 delta-k was assicned to the KENO calculations.

R statistical analysis of the Monte Carlo runs results in a
standar? geviation of #0.0055 giving &% - uncertainty in
k=infinity of 0.0710 delta—k at a 95 percent confidence level.
Adding this to the previously identified uncertainty of 0.0085 in
the KXZENO wvalue of k resulcts in 0.0196 delta-k as a conservative
uncertainty to be applied to the KENO results.

References

1. WCAP-3269-25, "Calculation of Lattice Parameters and
Criticality for Uranium Water Moderated Lattices," by
L.E. Strawbridge, Westinghouse Electric Corporation,
September 1963.

2. ®Validation of Monte Carlo Calculations of Shipping ZTask
Systems," by L.M. Petrie and P.G. McCarty, ORNL, CONF
731101-14, 1973.

3. YAEC-94 "Yankee (Critical Experiments"™ by P.W. Davison et
al., Westinghouse Electric Corporation, April 1959.

t.8.3.2 Geometric aad Material Variations

The most adverse geonetric and material riticality condition was
obtiined by "13ing the maximum tolerances for the positioning of
the ifuel assemblies within the storage can as well as the
relative cau-to-can positiocning. The racks are toleranced on an
overall rack width basis, such that cumulative tolerances between
can-to-Ccan posit Hning are not possible. Thus, simultaneous
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inclusion of all these tolerances provides added conservatism to
the analyses.

The tolerances considered in the analysis are for
center-to—center spacing between storage locations, storage can
inside dimension and wall thickness, and fuel assembly lo~ation
in the storage can. These tolerances are: a reduction in
center--to-center spacing from 14.00 to 13.94 in., a maximum
positive tolerance on the inside dimension of the stainless steel
can of 0.06 in., and a minimum wall thickness of 0.120 in. vs.
the nominal 0.125 in. With respect to assembly location, ev.ry
four , assemblies were assumed to shift such that they are
clustered in a common corner, giving the highest potential
reactivity increase from fuel assembly location in the rack.
Adding the above reactivity effects gives a reactivity
uncertainty due to mechanical spacing and tolerances of
0.0083 delta-k.

Fuel enrichment uncertainty has a direct effect on reactivity.
Assuming a very conservative uncertaisnty in enrichment of
+2 percent, 1i.e. 3.57 w/0 rather than 3.50 w/o, results in a
reactivity increase of +0.0029 delta-k.

Variation in stainless steel composition also affects reactivity.
An arbitrary reduction in the Fe, Cr and Ni content of the 304
stainless steel in the storage tubes to the lowest limit allowed
by ASME Specificatiocn O0A-240 would cause an increase in
Tcactivity ct +0.0021.

Spent fuel storage pool temperature variations are uxpected to be
above 68 F. However, for conservatism, the reactivity increase
due to decrease in pool temperature to 39 F (4 C), the
temperati:rc: of maximum water density, is included in the
uncertaincies. This reactivity is +0.0004 delta—k.

6.4.3.3 Sensitivity Stucdy

The preceding sections discussed the reactivity additions due to
worst-case toleranceg and calculational uncertainti 2s which are
included in the criticality analysis of ¢the racks. These
analyses indicate to some extent the sensitivity of the
multiplication factor to these parameters. This section further
explores the sensitivity of keff to variations in paraseters, in
particular, spent fuel pool water temperature, center-to-center
spacing, and storag2 can wall thickness.

a. Varia+ion in Pool Water Temperature
The water temperatire of 63 F used in the criticality
analyses is lower than expected in the storage pool and
is crnsidered conservative. Using PDO, analysis of the
latcice of storage cells results in the tollowi.g
temperature reactivity effects:
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Water Temperature, F - delra-k

39 +0.0004
68 (Base case) 0

100 -0.0012
212 (no wvoid) -0.0090

< I Variation in Center-to-Center Spacing

In the discussion of uncertair-+ies, a possible 0.06 in.
reduction in center-to—center spacing was included. To
further investigate the effect of varying
center-to-center spacing, a #0.125 in. variation was
considered. Using PDQ, the results are as follows:

Center-to-Center Snacing, In. delta-k
13.875 +0.0034
14.0 (base case) 0

Ce Variation in Wall Thickness of Storage Can
The minimum thickness of 0.120 in. was considered in the
uncertainty discussions. As seen below, the effect of
variation in thickness as calculated using PDQ is the
sare magnitude for #0.005 in. wvariations.

wall Thickness, In. delea-
0.120 +0.0014
0.125 (base case) ¢
0.130 -0.0014

b.8.3.4 Summary of Results

The results are summarized in Table 6.4-1. The most adverse
reactivity increase due to geometric and material wvariations is
f.0147 delta-k, which, added to the calculational uncertainty of
0.0796 and the nominal keff of 0.8893, results in a maximum keff
of 0.9236 for the normal storace condition. It should be noted
that an algebraic sum overestimates the effect of combining the
reactivity efrects of ceometric and material wvariation. The root
mean sguare of all effects excluding svent fuel pool water
temperature, plus the pool water temperature eifect, is more
appropriate. This yields a combined reactivity for these effects
of 2.0044 rather than 0.0147, and a maximum keff of 0.9133 rather
than 0.9%923b.

6«5 Structural Analysis

6.5.1 Loads and loading Criteria

- — el e

The spent fuel storage racks are classified Seismic Category I. Structural
integrity of the fuel racks when subjected to normal, abnormal,
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TABLE 6.4-1 .

SUMMARY OF CRITICALITY "NAJYSES

Nominal Conditions

Enrichment: 3.50 w/0

Mechanical Spacing: 14 in.

Pool Temperature: 68 F
keff

15 by 15 in Place of 17 by 17 Fuel (delta-k)

Calculational Uncertainties

KENO Benchmarks (delta-k)
Statistics
Total, Calculational Uncertainties (delta-k)

Ceometric and Material Variations

Variation of Enrichment from 3.5 to 3.57 w/o
(delta-k)

Mechanical Spacing and Tolerance (delta-k)
Possible Variation in S. Composition (delta-k)
Pool Temperature (delta-T=29 F) (delta-k)
Total, Geometric and Material Uncertainties

Maximun keff

Nominal keff

Calculational Uncertaintie.

Geometric and Material Variations
Maximum keff

e
Ln
™o

37

0.8865
0.0028

0.0086
0.0110

T 0.0196

0.0029
0.0083
0.0031

0.0004

0.0147

0.6893
C.0196

0.0147

0.9236



and seismic loads 1is demonstrated with. respect to the NRC
Standard FKeview Plan Section 3.8.4. In accordance with the
Raview Plan, the following loads, load comb.nations, and
structural acceptance criteria are considered.

6.5.1.1 Lloads
a. Normal Loads

i. Dead Loads - deadweight of rack and fuel assem-
blies and buoyancy

ii. Live Loads - effect of liftine empty rack during
installation

iii. Thermal Loads - thermal gradient between adjacent
storage locations of 39 F

b. Severe Environmental Load -+ Operating Basis Earthquake
(OBE)

C. Extreme Enzironmental Load - Design Basis Earthquake
(DBE)

d. Accidental drop in water c. speu. suel assembly from
height consistent with fuel handling operations which is
3 £ft-1 in. above the top of the spent fuel racks.

e. Postulated stuck fuel assembly which causes an upward
force on the rack of 4,000 1b, which is the refveling
bridge crane limit.

6.5.1.2 Load Combinatiosns

The fuel racks are analyzed using elastic working stress design
r2theds for the following applied lnads:

ae Dead Loads Plus Live Loads

b. Dead lLoads Plus OBE

Ce. Dead Loads Plus Thermal Lozds Plus OBE

Ce Dead Loads Plus Thermal Loais Plus DBE

€. Dead Loads Plus Thermal Loacs Plus Fuel Assembly Drop

fa Dead Loads Plus T! :rmal Loads Plus Stuck Fuel Assembly
Live loads are not included in load combination b. through f.,

since the only live load on the rack is that due to lifting, and
lifting of the racks is performed with the racks empty.
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6.5.%.3 Structural Acceptance Criteria .

The following are the strength limits for each of the above load
combinations:

Load Combination Strength Limit
a. 1.0 8
b. 1.0 s
Ce 1.5 8
d. 1.6 S
e. 1.6 S (except as

noted below)
1.6

&)

where § is the required section strength based on the elastic
design methods and the allowable stresses defined in pPart 1 of
the AISC ",_ecification for the Design, Fabrication and Erection
of Structural Steel for Buildings,"™ February 12, 1969, including
Supplement Numbers 1, 2 and 3. (Supplement 3 was effective June
12, 1974) . For load combination e., local stresses micht exceed
the 1limits, provided there is no loss of function of the fuel
rack.

0.5.! Seismic Aailysis

The seismic loading of a fuel rack module is determined from a
TeJgrcase cSpectrum modal dynamic analysis in wihdehh e stiflness
of tahe fuel assembly is neglected. Fowever, the wass of the fuel
assemblies and an effective mass of water are considered to be
uniformly distributed along the storage tubes. The appropriate
response spectra for the OBE and the DBE as taken from structural
analysis vpresented in the FSAR, Section 3.7.2 are employved. The
STARDYNE computer program is used to perform the structural
analysis of the racks. Racks are modeled in detail using beam
and plate finite elements. The three—dimensional finite element
model for a spent fuel rack is shown in Figure 6.5-1.

To deteimine the earthquake response, STARDYNE is first run to
determine the natural frequencies and participation factors. For
frequencies with significant modal participation, mode shapes and
modil loads are calculated. Closely spaced mndes are combined
directly and chen combined in an SKSS manner as defined in
Regulatory wuide 1.92 with other sigrnificant modes. The results
of horizontal and wvertical earthquakes are combined in an SRSS
fashion.

In the general seismic/structural analysis of the fuel racks, the
mass of a fuel assembly is assumed to be uniformly distributed
along the length of each of the fuel storage cans. This
assumption 1is conservative in thac lower rack fundamental
frequencies are calculated which, due tc the relatively stiff
rack desim, result in higher seismic amplified acceleration
loading on the rack. To account for the submergence of the racks
in the analysis, tle mass of a volume of liquid was auded to the
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mass of a structure giving a total "virtual®™ mass. The structure
can then be analyzed as though it stood in air. This approach is
discussed in Section 6.4 of Fundamentals of Earthquake
Engineering by Newmark and Rosenbleuth. The added mass of water
outside of the can was calculated based on a cylinder with a
diameter of the width of the can (9.25 in.) and length, that of
the can (170.25 in.). The added mass of water inside the can was
based on the inside volume of the can minus the water displaced
by the fuel.

The fundamental frequencies of a typical (6 by 6) rack in the two
lateral directions, north-south and east-west, and in the
vertical direction are calculated to be 15.Z Hz, 14.1 Hz, and
70.7 Hz, respectively. The high frequency (>40 Hz) 4in the
vertical direction allowed for a static analysis for this
direction.

Since a gap on the order of 1/4 in. exists between the sides of a
fuel assembly and the can, the fuel will actually move within the
can during a seismic event and cause impact loads to be
transmnitted to the fuel rack. The effects of this fuel-can
interaction are analyzed by utilizing the ANSYS computer program.
A nonlinear dynamic analysis of a single can and fuel assembly is
performed to determine the shear force and bending moment which
muy occur at critical sections of the can as a result of the fuel
assembly impacting the can at the maxiaum velocity.

The can and fuel assenl’y are wodeled by finite elements
separated by nonlinear gap elements as shown in Figure 6.5-2.
The can has stiffness characteristics representative of a can
within a rack. The fuel, which is assumed to be pinned at icts
base (by rriction), is given an initial velocity relative to the
can. This initial velocity is equal to the SRSS of the floor
velocity and the velocity of the rack with respect to the floor.

6.5.3 Structural Acdequacy

Using the previously listed loads and load combinati ., stresses
are calculated at critical sections of the racks. Tue results of
the structural and seismic analyses demonstrate that the fuel
racks are structurally adeguate and meet the design criteria.
Critical stresses together with locations and margins to
allowable are given in Table 6.5-1.

6.5.4 Pool Floor Loading

The structural adequacy of the pool for floor loading is
discussed in Section 7.1.

6.6 Stored Fuel Assembly Thermal — Hydraulic Anslysis

The fuel rack base is elevated above the floor to zssure adequate
flow under the rack to each fuel ascembly. The scacing of the
fuel assemblies also perzits adequate downflow within the rack to
each storage location. Analyses have been performed and show

4
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SUMMARY OF CRITICAL STRESS RESULTS

Limiting Calculated Allowable
Load Stress Stress
Location Combination(1) (Psi) (Psi) Marain
Support Foot Welds d 22,650 27,600 1.22
Fuel Can to Base Velds d 9,7C) 18,400 1.90
Fuel Cans d 12,740 27,600 2:17
Shear Plate to Fuel
Can Welds d 16,990 18,400 1.08
Base Beam Welds b 7,580 11,500 1.52
(r) See Section 6.5.1.2 for definitions.
352 9%

41



e

—

— gt
o

P

S

;.
-~

I~

w./ﬂ:r/m.-

. .
b (g

N
. - r

o

-

irure 6.5=1
FINITE ELEMENT MODEL

rey
)

42




AN SVYS wWMobesl_ -
b/
Rt
(©,50) Br—in4e
g 0

34— 422

= 32 s -
S" NZDAL 16 dd 4 2 VeLog iy
SPACING e

Ry

st H
1 {87 0) -2+ H

-1y

-
1
1=

we—H

i
C

CLP/ErgebMenT i
STFFNESS | —H 21 Reek BASS

a gl o

“ Y | 2~ o
VN A J .

/ /4/|'/ / | i SR YR rﬁ*"—%

LT

'3
»
¥

-
0
u
w
'l

al.su

™3 v o e
Tigure C.5=2

LN
eh
™o
CAd
Al
mo

43



that sufficient flow is induced by natural-conveccion to preclude
local boiling in the hottest storage location. This location is
established by a 15 by 15 Westinghouse fr 1 element which was
determined to be worse than for a 17 by 17 fuc. element.

The analyses were based on the following assumptions:

a. The element inlet temperature is the mixed hot
temperature of the pool.

b. A hot assembly peaking factor of 1.55 is applied
to the core average assembly energy release rate of
2.00 x 10% Btu/hr, (corresponds to 150 hr after
shutdown) .

€. The maximun local peaking factor is 2.22, giving
a maximum local heat flux of 1,642 Btu/hr - ft2.

d. A film coefficient of 35 Btu/hr - ft2 - F is based
on pure conduction through a stagnant boundary layer
at the fuel rod surface.

e. The cowncomer region is established by 40 percent of
the flow area between the corner assemblies in the rack
since thase have the greatest hyéraulic resistance.

L. One iimensional fluid flow analysis used.

ge The Rohsenow pool boiling correlation is used to
indicate no local boiling.

h. The maximum local heat flux is conservatively applied
at the exit of the hot channel.

During full-core offload with the bulk pool temperature at 170 F,
the maximum temperature of the water exiting from the hottest
storage location, i.e., with a 15 by 15 Westinghouse assembly, is
less than 197 F. This is 44 F below the local saturation
tenperature of 241 F. With a less restrictive 17 by 17
Westiughouse assembly in which the hot spot temperature is lower
because of morc heat transfer area, the maximum bulk water

temperature exiting from the hottest assembly is no greater than
198 F.

Under design operating conditions, with the bulk pool tempe rature
at 140 F, the fuel rod surface tempverature calculated on the
basis of tne heat flux and {ilm coefficient defined above i
below the local saturation temperature and thus precludes local
boilirg. Assuming a maximum bulk pool temperature of 170 F, the
fuel rod surface temperature is at least 4 F below the nucleate
boiling temperature evaluated using the Rohsenow pool boiling
correlation and therefore no local boiling is predicted.
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6.7 Safety Evaluation : -
6.7.1 Potential Criticality Accidents

To determine the potential for criticality during an accident, two possible
but highly unlikely rostulated events were analyzed using the analytical
methods described in Section 6.4.2. The first case is a fuel assembly, in
transport in a vertical position, which accidentally drops into the water
channel Letween a rack and the pool wall. The second case is a fuel assembly
which drops and falls to a horizontal position on top of a loaded storage
rack. The analyses include the assumptions of all the calculaticnal un-
certainties and geumetrical and material variations discussed in Section 6.4.3.
The design enrichment of 3.50 w/o is assumed for both the dropped and stored
fuel assemblies and all fuel assemblies are assumed to be fresh assemblies.

In the f£first case, the concern is assumed to be uvne dropping or
accidental lowering of a fuel assembly so that it is parallel to
and at the same level as the stored fuel in rack assemblies (see
Figure 6.7-1}. The resulting keff including uncertainties is
0.9239 which is only slightly higher than the maxinum keff for
the normal storage situation (Section 6.4.3) and is iess than the
design basis value of 0.95. Mechanical restriction will be
proviced to prevent an unprotected fuel assembly from being
brought closer than S in. to the side of any rack assembly in

gide vater channclis.

For a dropped assembly assumed to lay across the top of a fuel
rack, the fuel assembly end fittings on the top of each fuel
assembly provide a spacing between the drorved assembly and the
active fuel in the storage racks of approxima. ly 10 in. This is
a significantly less reactive condition than taat analyzed above
in which the fuel assembly is much closer to the fuel in the
rack. Thus, this accident has not been analyzed further.
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7.0 ANALYSIS OF EXISTING FACILITTES AND SYSTEMS AFFECTED
bY THE PROJOSED MOUIFICATION

The proposed modification does not change the physical
configuration .f the spent fuel pool and only requires the
addition of two tloor pads. The existing spent fuel pool cooling
and purification system and fuel building ventilation system will
not require any modifications. The primary cffect of installing
new spent furcl storage racks will be to incre.sze the awmount of
spent fuel which may be stored in the pool: thereby, increasing
the weight to be supported by the pool floor. The additional
spent fuel stored in the pool will rlightly increase the amount
of decay heat which must be removed by the spent fuel cooling
system. The effect of the proposed modification on the
purification system will be minor. ‘hese ana otrer effects are
dicscussed below.

7.1 Structural Considerations

The speat frel pool structure has been énalyzed to
deternine the effoct of the additional weight of the new racks
and the stored fuel will have on the structure under static and
dynamic conditions. The analysis also included consideration o
the thermal effects due to increasingy the storage capacitv. ‘The
existing structure has sufficient design margin which permits tle
installation of new storage racks without any additicnal
structural modifications to the pool concrete or su. ‘rstructure
except for the addition of twwo new floor pads required to
accommodate a high-den.ity rack in ar area where presently no
rack is located. :

In the original desicn of the spent fuel storage racks, the sois-
mic response of the rack system was calculated taking into account 2% damping
due to rack submergence in rmter. 23diticnal respense calculations were
made eliminating the additional damping and the resulting lead on the floor
erbedment pads were well within the calculated allowable values.

7.2 Fuel Pool Cooling Svstem

T@e ;ns:alled spent fuel pool cooling system was
analyzed in view of the expanded fuel storage capacity.
Table 7-1 summarizes the cooling system performance for both the
normal and abnormal (full core discharce) cerditiono.

~ The desiyn basis heat load was determined using the
following assumptions:

1. Thg irradiation times used were 272, S44, and 816 EFPD
which correspond to a one, two, and three year fuel
cycle, respectively, with a lnad factor of 85 percent
and an annval 45 day refueling ontage.

20 Back to back rcfuelings 45 days apart.

3. grgnium decay heat from RRC Branch Technical Position

4. All fuel to be moved into the pool is done

instantaneous;y 150 hr after shutcdown except for the
full core discharae case when fuel is moved from the
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reactor to the pool at a rate of .20 min per assembly
starting 150 hr after shutdown.

5. Stretch rating of 2900 MW is used for full power.

6. Maximum of 966 storage locations in pool.

Ta Service water at its design maximum of 110°F yielding a com-
ponent cooling water temperature of 113.2°F.

The resulting fuel pool temperatures are found to be
within the limits of 140 deg for the normal case and 170 deg for
the abnormal case if one fuel pool cooling system pump and two

coolers are utilized.

These fuel pool temperatures are calculated based on
very conservative and worst case assumptions and are wvalid for
establishing a design basis. Actual operating temperature
experienced Ly Surry Power Station, Unit Nos. 1 and 2, which is
of similir design have been significantly lower than the
calculated temperature, and in fact has been maintained at about
95 deg F during winter and suumer conditions utilizing only one
pump and one cooler.

’he additional heat 1load due to the increased storage
capacity is compared in Table 7-2 to the design duty of the
coxponent ccoling water system, the design duty of the service
water system, and the total station thermal discharge to the

S, S —— -
COVALOONETIC e

A failcre analysis of the spent fuel pool cooling system
is summarized in Table 7-3. The analysis confirm that boiling is
prevenced even in the event of a postulated failure.

The analyses presented in the FSAR related to spent fuel
pool makeup capability is not affected by the proposed
modification and is not discussed lLerein.

7.3 Fuel Pool Purification System

As previously mentioned in Section 5.5.2, based on the
experience ¢f Surry Power Station, no significant effect on the
system 1is expected due to prolonged storage of spent fuel
assemblies. The maximum load on the purification system occurs
during refueling operations when fuel is being moved. Therefore,
there will be no significant increase on the purification system
load due to the modification since the number and frequency of
refueling operations will not change.

7.4 Fuel Building Ventilation System

g Since the added fuel sturage represents longer tern
storage of well-cooled fuel, the escape of gas#ous or volatile
fission products {rom even defective fuel is expected to be
negligible. Much of the iodines and the xenon has decayed atter
100 days cooling time. Sinc nost of the tritium in the water is

3525 558



formed primarily as a product of the neutron irradiation of boron
in the primary coolant, the contribution of fission product
tritium is minor. There is no mechanism for particulate fission
products to become airk. ne. Because of its long half life,
Kr-85 levels remain in older fuel. However, the thermal driving
force required to cause its diffusion in defective fuel is not
present. JSamples fr. m the ventilation filter area at Surry do
not show Kr-85 at ¢:tectable levels, and it is act expected to
become significant as fuel storage increases. Therefore,
increased ftuel storage will have essentially no impact on
concentrations of radiocactivity in the air of the fuel building.

Since the FSAR pool temperature limits of 140 F (normal
case) and 170 F (abnormal case) will not change with the
modification, there will be no effect on the design evaporation
rate of the pool.
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TABLE 7-1 .

SPENT FUFL POOL COOLING SYSTEM
HEAT LOAD AND OPERATING TIMPERATURE
WITH 4'ie INCREASED STORAGE CAPACLTY

Fuel Pool Temperature, Deg F

Decay Heat 1 Train 2 Train
MBtu/hr 1P-1Clrxr 1P=-2Clr 2P=-2C1x
Normal 19.4 147.8 135.% 130.4
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TABLE 7-2 ’
H OAD COMPARISON
Heat Load, Mbtu/Hr
Present Syctem With Modification
(400 Assemblies) (366 Assemblies)

Fuel Pool Cocling System
Design Duty

Normal Case 13.8 19.4

Abnormal Case 33.2 35.9
Component Cooling Water
System Design Duty (1)

Normal Operation

(2P-2HXR) 103.1 108.7

Abnormal COperation

(4>-4HXR) (2) £02.1 407.6
Service Water System Design
Duty (%)

Normal Operation

{2 Pumps) 123.1 108.7

Abnormral Operation

(4 Pumps) (2) 402 .1 ) t07.6

Total Heat Discharged to
the Environment (1) 13,713 13,719
Normal Operation

NOTES:
Total for both units

2e Jdaximum abnormal operating duty for the component
cooling water system and the service water system
occurs diring simultaneous fast cooldown of both reactor
units. This does not occur concurrent. with the maximum
abncrmal fuel pool heat load which is the off loading
of one full core starting 150 hr after shutdown.

N
™

- s
24 ()
o ¥

R
~No

51



TABLE 7-3
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SPENT FUEL POOL COOLING SYSTEM

MALFUNCTION ANALYSLS

Component

Spent Fuel Pit
Cooling Pumps
operation

Fuel Pit Coolers Loss of Function

Malfunction

W

Pump fails to start
or fails during

o

Comments and Consequences

- The standby pump will be

started manually.

If the operating pump
shonld stop, over 1 hr
exists to start the
standby pump before the
pit heats up 10 F at
the maximum abnornal
heat load.

Pool temperz_ure will not
exceed 170 F with only

one pump and twoe coolers

in service for the

maximum abnormal heat load.

The standby exchanger will
be used. More than 1 hr
€xis’' 53 to realiyu Lue
piping system because
of the slow Leatup rate
of the pool. The re-
alignment is effected by
operating manual valves.
During the design basis
conditions with only one
pump and one cooler in
service the maximum calculated
temperature is 176.9 F which
is above the administrative
limit of 170 T but is still
below the temperature at
which the structural analysis
was performed.




8.0 INSTALLATION AND REMOVAL OF SPENT FUEL STORAGE PACKS

The modification will be limited to the confines of the
fuel building and will not involve any changes in the safety~-
related systems which are necessary for the station.

The fuel pool ¢ooling and pur.fication equipment is
located in the area of the fuel building which 1is physically
isolated by concrete walls and ceilings and is uot subject to
damage wihile the old racks are removed and the new racks
installed.

Since the old spent fnel storage racks have not been
exposed to radiation, and therefore are not contaminated, it 1is
at this time planned tc dispcse of them as scrap.
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9.0 ANALYSIS OF THE SAFETY IMPLICATIONS OF THE PROPOSED
FODIFICATION

The proposed modification will not change the safety
analyses which have been performed and reported 1in the Final
Satety Analysis Report, Section 15. The proposed expansion of
the spent fue. storage capacity could affect the otfsite
radiolcgical consequences of an incident Dbecause of the
additional increment of long-lived radiocactive fission products
stored 1ia the opocl. Tne effect of this amount of additional
radiocactive products on normal station operation is discussed in
Section 9.5 of this report and its effect on the spent fuel
handling accident is discussed in Section 9.4.

The following discussion sumvrarizes the potential
effects waich the proposed modification may have on the satfety of
the station and the public.

9.1 loss of Spent Fuel Pool Cooling Capability

As discussed 4in Section 7.2, the proposed modific=tion
will increase the amount of heat energv which is added o the
pocl water which must be removed by the spent fuel pool cooling
system. The e«isting cooling system has sufficient design margin
to remcve the additional heat locad when uranium fuel is stored in
the pocl. As 1naiczi.ed by the railure anaiysis presented in
Section 7.2, cooling capacity could be restored quickly in the
eveut of a component failure.

In the unlikely event that the spent fuel pool cooling
systen was to become completely inoperable, installed station
systems could provide surficient mal'eup water to cool the fuel
and to mainctain sufficient water shielding over the pool. There
are several sources of makeup water readily available in the
event it is required. These sources are:

l. primary grade water system
2. fire protection system
3. boron recovery system
4. refueling water storage tank

These sources could be utilized by either charging valve
lineups or implementing certain temporary measures, such as the
use 9L temporary puups oOr hoses.
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In sun.ary, sufficient heat rcmoval capacity is
installed to assure that the pool temperatur: remains below the
boiling point. As additional backup a number of *‘n::ti-lled
station systems could provide makeup and cooling water if
required.

9.2 Fuel Pool lLeakage Control and Shielding

The proposed modification will not affect the leakage
and shielding requirements contained in the FSAR. The lowest
level of opipe penetration through the fuel pool structure is at
El. 285 ft-y in., which provides a minimum water 1level of over
21 £t of water above the stored fuel to provide shielding and
ccoling.

The proposed modification will not require any
adaitional pipang penetrations; therefore, 2re are no safety
irplications associated with spent fuel . .ol leakage control or
shieldinge.

9.3 Earthguake and Tornado Protection

The proposed modification will not requir: any
structural changes; therefore, it will no: affect the ability Jf
the structure to withstand the effects ot an earthquaxe or
tornado as rtated in the ¥SAR. The new spent fuel storage racks
and pool structure have been analyzed to ensure that the racks
can pe accommodated Dby tae structure during a seismic event.
These analyses are discussed in detail in other sections of this
report.

In summary, the seismic and tornadic provisions stated
in the FSAR are not changed as a result of the proposed
modification; therefore, there are no safety implications
assocliated therewith.

9.4 Fuel Handling Accidents

Section 15 of the FSAR describes the fuel handling
accidents which have been analyzed, including the case where a
fuel assewbly 1is dropped onto the floor »f the spent fuel pool.
The proposed modification will not affect the consequences of the
accidents analyzed in the FSAR because the analysis assumes that
only one fuel assex*’/, the one being installed, is damaged.
Thus, the consequences of the accident are independent of the
nurber of spent fuel elements stored in the pool.

The high density spent fuel racks have been reviewed in
regard to:

1. dropping a fuel assemb.y on the racks

2 a fuel assembly becones stuck in tne spent fuel
rack
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3. dropping a fuel assembly next to the rack

While minor damage may be incurred to the rack if an element is
dropped on it, the stored fuel will not be affected and
subcriticality will be maintained. The amouant of torce applied
to a stuck fuel assembly 15 limited by the capacity of the crane.
Wirile damage may be incurred by the stuck fuel assembly, the
weight of the fuel rack is sufficient to prevent :-ny motion of
the rack itself. The surrounding stored fuel assemblies will not
be camaged and subcriticality will be maintained.

Mechanical barriers are provided on the outside of the
rack to prevent a daropped fuel assembly from bheing brought too
clos. to the rack an order to maintain subcriticality as
discussed in Section 6.

In summary, the safet;r implicaticns of the proposed
modification as related to “uel handling accidents remain the
Same as previously analyzed in the FSAR.

9.5 Personrel Radiation Exposure

Storing additional spent fuel in the pool will increase
the amount of corrosion and fission product nuclides introduced
into the pool watex. The proposed modification will
approxintately double the amount of fuel to be stored in the rool.
Dependeat upon the dispnsition of the reprocessing capability,
the fuel coula pe storea L. the pool f>r about 10 years.

During the storage of spent fuel under water, both
volatile and nonvolatile radiocactive nuclides may be releasea to
the water from the surface of the assemblies or from defects in
the fuel cladding. Most of the material released from the
surface of the asseublies consists of activated corrosion
gruuvcts such as Co-58, Co—-bu, Fe-59 and Mn-54 which are not
volatile. The radionuclides released through defects in the
cladding, such as Cs-134, Cs-137, Sr-89 and Sr-90, are
predominantly nonvolatile and, as with the activated corrosicn
product nuclides, the primary effect 1is their contribution to
radiation levels to which workers near the spent fuel pool would
e exposed. As noted in Section 5, the four primary isotopes
noted in the pool water at Surry have been Cs-134, Cs-137, Co-58
ard Co-60.

Based on measured data at Surry Power Station, an
jndividual continuously working around the pool would receive
about 1.5 mR/hr, bpased on approximately 208 ruel assemblies
stored 1in the pool. This exposure will probably slightly
increase when additional fuel assemblies are stored; however,
because of the current storage pattern, the increase 1s not
expaected 1o be significante. Even if the exposure 1s doubled,
about 3 mR/hr, this exposure i1s a relatively minor contribu‘ion
to the overall exposuce at the station.
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The installed purification Tsystem described in
Section 5.2 will be used to remove the nonvolatile corrosion and
fission product nuclides. The removal of those nuclides will
assure that the radiation exposure to persornel will be
maintained at low levels.

The wvolatile fission product nucli’‘es of most concern
that might be released chrough defects n the fuel c¢ladding are
the ncble gases (Xenon and Krypton), tritium and iodine isotopes.
Since short-lived noble ga:2s will decay to negligible amounts,
the ~nly significant noble gas isotop= which could remain in the
spent fuel pool and attriputable to storing idditional assemblies
for a longer period of time would be Krypton-85. It is not
expecte:d that increasing the spen- fuel storage capacity will
increase the Krypton-85 release rate, since the fuel discharge
will continue on a 1/3 core per year per uuit rate and the
reseas:: oi Krypton-85 is most likely to occur during the initial
year of storage.

Iodine 131 releases will not be significantly increased
by the expansion of the fuel storage capacity since the I-131
inventory in the fuel will decay to negligible levels. Operation
experlence at Surry to date indicates negligible levels of I-131
in the pool water.

The pool wat-r temperature will be maintained below the
current design temperat wre; therefore, it is not oxpcoted tha
thiere will be any signiiicant change in evaporation rates and the
release of tritium. Operating experience at Surry to date has
not indicated the presence of tritiuwa in the fuel building.

As discussed in Section 5.5, the purification filters
are normally changed be-anse of hich differential pressvre;
theTefore, it is not expected that the proposed modification will
significantly increase personnel radiation exposure during filter
changes. pasea on experience at Surry Power Station, the
radiation exposure is relatively low, approximately 140 mR/hr.
The demineralizer resins are currently changed about twice a vear
resulting in personnel exposure of about 110 mR/hr. The proposed
modification is not expected to significantly increase this
value.

In sunmary, the prooosed mulification will not
signiticantly increase personnel radiation exposure during normal
and refueling operations.



10.0 LCNVIKONMENTAL IMPACT OF THE PROPOSED MODIFICATION

The proposed mcdification would inc-~ase the amount of
decay heat produced in the spent fuel pool, in_ case the amount
of radioactivity stored in the pool and result in a small
commitment of metal resources. :

The environmental impact of the proposed modification is
insignificant. The environmental impact has been reviewed in
light of the current Final Environmental Statement, the Final
Sarety Analysis Report, 10CFR50, 4OCFR1500.6 and guidance
coatained in Federal Register Notice (40 F.R. 42801)dated
September 16, 1975. Based on this review it has been concluded
that the proposed modification will not significaatly affect the
quality of the human environmment.

0.1 Federal Register Notice (40 F.R. 42801)

The Federal Register (FR) Notice directs that in
consideration of 1licersing actions to ameliorate a possible
shocrtage of spent fuel storage capacity, f£ive specific factors
shoula be applied, balanced and weighed in cthe context of the
required environmental appraiscle. Each of tne five specific
factors acre adaressed below.

10.1.1 Independence of the Action

The FR Notice states: %Is it likely that the licensing
action here proposed would have a utility that is independent or
the utility orf other licensiny actions designed to ameliorate a
possible shortage of spent fuel capacity?"

based on the information contained in this report, it
has been concluded that a need for additional spent fuel storage
capacity exists at the North Anna Power Station, Unit Nos. 1 and
2, which is independent oi the utiliity of other licensing actions
designeu to delay a possible shortage of spent fuel storage
capacity.

10.1.2 Comanitzent of Resources

The FR Notice st..tes: "Is it not likely that the taking
of the action here proposed prior t©o the preparation of the
(feneric statement would constitute a comaitment of resources that
would tena to significantly foreclose the alternatives available
with respect to any other licensing acticns designed to delay a
possible shortage or spent fuel storage capacity?"®

The p .,posed modification will require the utilizacicn
of 3.22 x 10% lu of stainless steel. The amount of stainless
steel wused annually in the United States is about 2.8 x 103t 1b.
The amount of stainless steel required for the racks is a small
percentage of this resource consured annua152121n vupjynlted
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Stat=s an® 1is insignificant. No other. significant material
rescucce: will be reguired becaue the design of the fuel pool
will remain uncinanged. 'ihe land area now ucsed for the fuel pool
will N2 used uore etficiently by reducing the spacing among fuel
assemol.ies.

The existin. installed spent fuel racks will be disposed
of as scrap since they have not been exposed to radiation. This
should pose no probleme.

The proposed expansion of the storage capability of the existing
fuel pool is only a measure to allow for continued operation and
to provide operational flexibility at the station and will not
affect similar licensing actions at other nuclear power stations.
It is concluded that the increase of the spent fuel storage
capacity at Norch Anna prior to the prepara-ion of the generic
statement does not constitute a comnitment ¥ cither material or
nonraterial resources that would tend to significantly foreclosc
the alternatives available wicth respect to any other individual
licensing action u.:signed to delay a possible shortage of spent
fuel storage capacitye.

10.1.3 Cumlative Environrental Effects

The FR. Notice states: %Can the environmental impacts
associated with the licensing acticn here proposed be adequately
addressed within the context of the present application without
OvVéerluading auy cuwuuwialive euvisvunental elfliccist®

The additional capacity of the spent fuel pool is
proposed for North Anna Power Station, Unit Nos. 1 and 2, only:
therefore, the environmental impacts can be assessed within the
context of the application. Based on the information contained
herein, it has been shown that the environmental impact due to
the installation and operation of an expanded spent fucl pool
storage capacity is insignificant. It is concluded that the
cumulative environmental impacts associated with the expansion of
the spent fuel pool wilil not result in radioactive effluent
releases nor occurational radiation exposure nor tnermal effluent
releases that signiricaatly affect the quality of the human
environment during either normal operation of the expanded fuel
pool or under postulated fuel handling accidents.

10.1.2 Technical lIssues

The TR Notice states: ®Have all technical issues which
have risen auring the review of this applicaticn Leen resolved
within that context?*"

L technical issues associated with the proposed
moditfic tion are addressed 'n this rurort. There is reascnable
assrrance that the proposed modif{” tation can be carried out as
described herein with nc adverse e“tects on the health and satety
of the public.
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10.1.5 lleed for the Action ' x

The FR Notice states: "Would a deferral or severe
restriction on this licensing action result in substantial harm
to the public interest?®

As stated in Section 4.0, a number of alternatives have
been considered. The modification described herein provides the
most economically feasible solution to ameliorate the potential
shortage of spent fuel storage capacity. 1f the propcsed
moaification is not implemented, the alternative of ceasing
operation of the facility would ke muca more expensive than the
proposed action because of the need to provide fossil fuel
replacement power. Deterral or severs restriction of the
proposed wodification would result in substential harm to the
public interestc.

10.2 Fina! Environmental Statement

The proposed modification will not significantly alter
the evaluations contained in the Final Environmental Statements.
The proposed modification will create a slight additional heat
load on the station water system; however, because of the minor
amount of additional heat to be added to the service water
system, no discernable temperature difference in the thermal
effluent from the station is expectec.

W.3 Final Saretv Analysis Repor:

The descriptive information contained herein is intended
to supplement the materi 1 contained in the FSAR. The design
criteria specified in the I'SAR have been used as the basis for
the vropoused modification and have  been supplemented as
appropriate for the new spent fuel storage racks. The
mOulrication does not substantially change the analyses and
descriptions in the FSAR.
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11.9

CONCLUSIONS :

Based on the informarion co.:tained herein, it is concluded that.
-

1.

3.

The proposed modification to increase th2 storage
capacity of the spent tuel pool is necessary to mair‘ain

the capability of a tull core discharge and to assure

adequate storage space for normal refuelings.

The use £ fuel racks with reduced center-to-center
spacing rovides the most economical and feasible
alternative to delay the potential shortage of storage
capacity.

The 1installed fuel pool coocling and purification system
and the fuel building ventilation system aro> adeguate
withcut any modifications.

The fuel building structure is adeqguate and does not
require modificatione.

The availability of alternate storage, reprocessing, or
permanent disposal capabilities cannot be relied upon in
the near future to preclude the necessity of the
proposed modificaticne.

‘The proposed modification will not affect the health and

safety of the general public.

The proposed modification will not 51gn1flcant1y affect
the quality of the environment.
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NRC PUBLIC DOCUMENE ROOM

UNITED STATES OF AMFRICA
NUCLEAR REGULATORY COMMISSION

BEFORE THE ATOMIC SAFETY AND LICENSTII™® BOARD

In the Matter of

Doc. Nos. 50-338SP
VIRGINIA ELECTRIC AND POWER COMPANY 50-339sP
Pronosed Amendment to
Operating License

o :
(North Anna Power Station, Units NPF-4

1 and 2)

N N N N N N NN

AFFIPAVIT OF ROBERT W. CALDER

My name is Robert W. Calder. A true statement of my
professior 1 qualifications is attached to this affidavit.

I do ./t expect that storing 966 instead of 400 spent
fuel assemblics in the North Anna 1 and 2 spent fuel pool
will materially increase the corrosion of the fuel cladding,
the spent fuel storage racks, or the nool liner. The amount
of additional radiation to which these materials would be
exposed in the pool is insignifi.ant compared to the levels
in the reactor core during power operation. The materials
(stainless steel & .ircaloy) were chosen because 2{ their
+ow susceptability to corrosive attack in a nv _:ar environ-
ment, that is, under exposure to high temperature, high pres-
jure, water and radiation. Because the fuel pool water temper-
ature of 1l40°F (normal condition) and 170°F (abnormal condi-
tion) wil! still be maintained, I would not expect the cor-
rosion or stress on the fuel, the racks, or the liner to
materially increase due to heat.

Mr. A. B. Johnson, Jr., Staff Scientist, Corrosion Re-
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search and Engineering, Battelle Pacific Northwest Labora-
tories, has reported that '"fuel handling experience in the
U. S., going back to 1959, has not revealed any instance
where Zircaloy-clad uranium oxide fuel has undergone observ-
able corrosion or other chemical degradation in pool stor-
age. This favorable experience is corroborated by experi-
encc in other countries with the following maximum pool
residewce time for Zircalov-clad fuc! as of late 1977:
Carada, 14 years; United Kingdom, 11 years; Belgium (MOL),
10 years; Japan, 9 years; Norway, 9 years; Karlsruhe, Ger-
many (WAK), 7 years, Sweden, 5 years."

Finally, I would not expect the additional storage
capacitv to make the eventua' remo-al from the pool of the
spent fuel assemblies any more difficult due to corrosion
¢f the fuel cladding.

A7 n

obert . alder

DATED: May 11, 1979

Signed and sworn to before me by Robert W. Calder this
i_-'+day of May, 1979.

Loin ey -
Notary Public

My commission expires
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STATEMENT OF PROFESSIONAL QUALIFTCATIONS
OF ROBERT W. CALDER
SUPERVISOR - ENGINEERING SERVICES
Vepco

Mr. Calder's technical experience includes 9 years in
the field c¢f materials engineering, of which 7 years have
dealt with nuclear power plants.

Mr. Calder joined Martin Mariet:ia Research Institute for
Advanced Studies in 1569 and conducted basic research in the
areas of paysical and mechanical metallurgy of high tempera-
ture alloys.

Mr. Calder joined Westinghouse Bettis Atomic Power
Laboratory in 1973, As a metallurgical engineer he worked
in the construction of Naval Nuclear Power Plants. His werk
included destructive and nondestructive evaluation of zircaloy-
clad nuclear fuel elements. 1TIn 1975, he transferred to the
Naval Reactors Facility where he qualified as a nuclear plant
engineer and was respounsible for plant testing and maintenance.

Mr. Calder joined Virginia Electric and Power Company in
1977 as an engineer in the Nuclear Engineering Services Depart-
ment. His present title is Supervisor - Engineering Services.

EDUCATION

B.S.. Metallurgical Engineering, Grove City College
M.S., Material Science, University of Maryland
M.B.A., Business Administration, University of Pittsburgh
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MRC PUBLIC DOCUMENT ROOX

UNITED STATES OF AMERICA
NUCLEAR REGULATORY COMMISSION

BEFORE THE ATOMIC SAFETY AND LICENSING BOARD

In the Matter of )
; Doc. Nos. 50-338SP
50-339SP
VIRGINIA ELECTRIC AND POWER COMPANY )
g Proposed Amendment to
(North .Anna Power Station, Units ) gggfztlng Wiy
1l and 2) )
AFFIDAVIT OF H. STEPHEN McKAY
My name is H. _ephen McKay. An accurate statement of

my professional qualifications is attached to this Affidavit.
I am the Project Engineer responsible for the design and in-
stallation of the high-density spent fuel racks for North
Anna 1 and 2. I am familiar with the design and technical
analyses of those racks chat have been done.

Attached to this Affidavit is a copy of the document
that Vepco has submitted to the NRC in support of its appli-
cation to install and use the high-density racks. It is en-
titled "Summary of Proposed Modifications to the Spent Fuel
Storage Pool Associated with Ir:reasing Storag: Capacity."
Certain portions of this Summary have recently been amended;
the amended portions ave indicated by a vertical line in the
right-hand margin. I am familiar with the contents of this
Summary. It is true and correct to the best of my knowledge
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and belief. I should like to supplement that Summary in the
following respects. All references below are to the paragraph
numbers of '"Vepco's Statement of Material Facts as to which
There is No Genuine Issue to be Heard."

The fuel pool heat exchangers and circulating pumps are
located in the fuel building (Y 3).

Each of the spent fuel pit pumps is connected to a separ-
ate, independenrt Class I power supply (Y 7).

It will require a maximum of 12 gpm cf evaporation to
dissipate the 2dditional heat discharged to the environment
because of the proposed modification (Y 15).

To determine the design basis heat load, a stretch rat-
ing of 2900 MWt for full power was assumed (Y 1l8e).

The failure analysis of tne spent fuel cooling system
confirms that boiling and any adverse effects are prevented
even in the event of a postulated failure of a spent fuel
cooling pump or a spent fuel pool heat exchanger (Y 27).

The component cooling water temperature could zet as Ligh
as 113.2°F 1in the unlikely event of a LOCA in Unit 3 or 4,
but the pool temperature would still be less t..n 177.5°F, the
temperature that was used for the structural analysis of the
spent fuel pool (Y 33).

Unit 1 control board instruments and alarms ‘nclude
spent fuel pit temperature alarms at greater than 140°F and
greater than 170°F (Y 38b).

The spent fuel pool heat exchangers transfer the
heat from the spent fuel pool water to the component cooling
water (or, in an emergency, to the service water), and the
component cooling water transfers its heat to the service
water (Y 12).

The service water, in turn, goes tc the Service Water
Reservoir, where the heat is transferred to the atmosphere
(Y 13).
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Acceptable and appropriate engineering techniques wer:.
used to calculate the fuel pool temperatures (¥ 19).

The second heat exchang : would be requirec for only a
period of 4-5 cays, and only if a highly unlikely sequence
of events were to occur:

a. Unit 1 refueled 45 days before the event:

b. Unit 2 just defueled;

¢. Unit 3 or 4 loss-of-coolant accident
(LOCA); and

d. Other unit cooldown (Y 22).

The spent fuel pit is a reinforced concrete, seismic
Class I structure lined with stainless steel plate a minimum
of 1/4 inch thick. If the integrity of the 1/4 inch thick
stainless steel liner were violated, water could enter the
channels behind the liner. These channels are connected to
a common drain point, which is the fuel building sump. in
the event of a leak into one of these channels, water would
rise in the fuel building sump, the sump pump would go on,
and an alarm would sound in the control room. If the punc-
ture were at a point other than the channels and the fuel
pit watar were somehow to pass through the liner and rein-
forced cioncrete, it would reach the foundation material be-
lecwv, which is virtually impenetrable (Y9 42-47).

~.”alysis of the thermal-hydraulic characteristics of
“he high- " nsity racks have been performed using techniques
that are generally accepted in the engineering community
(1 50).

During the full core orffload (abnormal case) with the
bulk pool trmperature at 170°F, the maximum temperature of
the water exiting from a storage location is less than 197°F,
which is 44°F below the local saturation temperature (beiling
point) of 241°F (Y 53).

Because of the long half-life of Krypton-85 (10.76 years),
Kr-85 levels remain in older fuel; however, the thermal driv-
ing force required to caune its di fusion in defective fuel
is greatly reduced (Y 67).

L~
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Three 1007 capacit: purification pumps take suction at
two peruanently installed skimmers and pump water to a
demineralizer and filters located in the auxiliary building
(1 72).

The radiation levels of the demineralizers (which are
shielded in cubicles) are usually from 1 to 4 R/hr (Y 77).
The filters (which are similarly shielded) are normally
changed because of high pressure drop and usually have radi-
ation levels of about 100 mR/hr (Y 78).

Any increase in the liquid or gaseous radioactive emis-
sions from North Anna 1 and 2 resulting from the proposed
modification are expected t> be negligible (Y 85). They will
not violate NRC regulations, either during normal operation
of the expanded fuel pool or under postulated fuel handling
accidents (Y 86).

Vepco's seismic analysis of the new spent fuel storage
racks and the pool structure shows that the racks can be
accommodated by the structure during a seismic event (Y 92).

The techniques used by Vepco for analyzing the struct-
ural integrity of che ‘uel racks under normal, abnormal, and
seismic loads are generally accepted in the engineering com-
munity (Y 97).

Criticality calculations show subcriticality mainteined
with a fuel assembly lying across the top of a rack or next
to a rack (Y 108).

With the normal concentration of boric acid in the pool
water, criticality cannot be attained with any possible array
of fuel assemblies (Y 107).

The accident defined as the dropping of a spent fuel as-
sembly onto the spent fuel pit floor and the resultant rup-
ture of the cladding of all the fuel rods in the assembly has
been analyzed in ¥ 15.4.5.1 of the FSAR (Y 1l11). The analy-
sis was done in accordance with NRC Safety Guicde 25 (Y 112).

- The analysis of the fuel-drop accident shows that the
accident would not result in excessive radiation erposure at

=
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the site boun’ary, that is, in exposures exceeding the guide-
lines of 10 CFR Part 100 (¥ 113). Assuming as a worst case
that the cladding of all rods in one entire fuel assembly
fails, the offsite doses would not exceed the limits of 10
CFR Part 100 (Y 114).

An analysis of the effect of a small tornado missile has
been performed in § 15.4.5.2.4 and § 9.1.2 of the FSAR using
accepted engineering techniques (Y 115). Stored fuel in the
spent fuel pit is protected from horizontal missiles by the
thick reinforced concrete walls of the pit, which extend 20
feet, 10 inches above grade (Y 116). The building geometry
protects the fuel elements from di.~ct impact of missiles
with angles of approach up to approximately 45°F above the
horizontal (Y 117).

An analysis of t.. _isk of turbine missiles has been
done and is described in § 10.2.1 of the FSAR (Y123). The
FSAR turbine missile analysis was done with appropriate and
sound calculational techniques (Y 124). The FSAR analysis
shows that the risk of unacceptable damage to the fuel build-
ing is 0 for low-trajectory turbine missiles, 1.3139 x 10713
per unit per year for high-trajectory missiles at design over-
speed, and 1.3235 x 10'10 per unit per year for high-trajec-
tory missiles at destructive overspeed (%7 125). The turbine
missile analysis is not changed by the proposed modification
(Y 126).

The amount of additional radiation to which the fuel
would be exposed is insignificant in comparison to the levels
in the reactor core during power operation (Y 128).

The zircalov c¢f the fuel and the 304 stainless of the
tuel racks and pool liner are the same material no matter
whether the high-density racks or the low-density racks are
used (Y 132). The proposed modification is not expected to
make the eventual removal from the pool of the spent fuel
assemblies any more diffi.ult; to the contrary, after exterded

Q_,\l
™
o
a3
L
CO



i

storage the radiation levels and therefore the heat generated
will have decayed to lower levels, so the handling and ship-
ment of the assemblies will be easier (¥ 133).

The spent fuel pool purification system is adequate to
remove any "ot:ntial incremental impurities resulting from the

proposed modification; most of the impurities are released
during refueling, and the number of fuel movements will be
no greater with the high-density racks than with the low-
density racks (Y 134).

The exposure to radiaticn at Surry will probably slight-
ly increase when additional fuel assemblies ars stonred; how-
ever, because of the age of the earlier-stored fuel by the
time the additional fuel reaches the pool, the increase stould
not be significant (Y 142).

Even if the exposure were doubled, to about 3 mR/hr, the
exposure is a relatively minor contributor to the overall
exposure at the station (Y 143).

Iodine-131 releases will not be significantly increased
by the expansion of the fuel storage capacity, because the
inventory of the I-131 (which has a half-life of 8 cdays) .-
the fuel wi'l decay to negligible levels (Y 149).

Experience a. Surry indicates negligible levels of I-131
in the pool water; I-131 is noted only during refueling
(Y 150).

Based on experience at the Surry Power Station, the radi-
acion exposure is relatively low, approximately 150 mR for
a filter change (Y 153).

There have been no overexposures associated with the
Surry fuel pool (Y 156).

The pool walls and the pool liner cannct be reworked with
spent fuel in the pool (Y 171). There is not enough time to
expand the spent fuel pool befor:z the first refueling, and so
the spent fuel would have to be transferred to other storage
until the work was done (Y 172). This w~uld require finding
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another licensed storage facility and double handling the
fuel (Y 173).

The North Anna 3 and 4 fuel pool would have t2> be licensed
by the NRC before it could be used to store spent fuel (Y 178).

The high-density fuel racks have already been fabricated
and are at North Anna waiting to be installed (Y 173).

In the event of a leak from the spent fuel pool, several
station systems are capable of providing make water until
the leak could be repaired. Because the wate: vel in the
pool would be maintained despite the leak, there would te no
temperature increase in the pool. Instead, there would pro-
bably be a decrease due to the addition of cooler make-up
water.

The building geometry protects tne fuel elements from
direct impact of missiles with angles of approach up to =p-
proximately 45° above the horizontal (Y 117). According to
technical papers by D. R, Miller, W. A. Williams, aad T. L.
Dcan, large missiles such as utility poles and automobiles
(which are the design tornado missiles for North Anna 1 and
2) lack sufficient lift or velocity to clear a height of 25
feet (Y 118). These could not, therefore, strike the fuel
elements (Y 113).

The spent fuel elements would be protected from ligh-er
missiles by the water covering the storage racks in the pool
(Y 120). According to the paper by T. L. Doan, small fast-
noving missiles traveling downwards would impact only one
fuel assembly (Y 121). A tornado missile impacting the spent
fuel would not vesult in radiation doses that exceed the
limits of 10 CFR Part 100 (Y 122).

tephen McKay
DATED: May 11, 1979
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{__ Signed and sworn to before m~» by H. Stephen McKay this
Iakd L, day of May, 1979.
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Notary Public

My commission expires
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STATEMENT OF PROFESSIONAL QUALIFICALLONS
OF H. STEPHEN McKAY

-

My name is H. Stephen McKa'. My business address is
P.0. Box 26666, Richmond, Virginia 23261. I am an Associ-
ate Engineer with Virginie Electric and Power Company. I am
presently Project Engineer for the North Anna 1 and 2 high-
density spent fuel storage rack project. Formerly I was the

Project Engineer for the high-density spent fuel storage pro-
ject at the Surry Power Station, Units 1 ard 2.

I hold a B.S. degree in physics frcm Moravian College,
Bethlehem, Pennsylvania (1972), an M.S. degree in physics
from Indiana University of Pennsylvania, Indiana, Pennsylvania
(1974), and ~ Master of Engineering degree in nuclear engin-
eering from the University of Virginia, Charlottesville, Vir-
ginia (1976).
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