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*ee*® SAFETY EVALUATION BY THE OFFICE OF NUCLEAR REACTOR REGULATION

SUPPORTING AMENOMENT NO.104 TO FACILITY OPERATING LICENSE NO.DPR-25

VERMONT YANKEE NUCLEAR POWER CORPORATION

VERMONT YANKEE NUCLEAR POWER STATION

DOCKET NO. 50-271

1.0 INTRODUCTION

By letter dated April 25, 1986 Vermont Yankee Nuclear Power Corporation (VYNPC),
the licensee, requested a change to Section 5.5.0 of the Technical Specifications
for Vermont Yankee Nuclear Power Station (VY). This change would increase the
number of fuel assemblies which could be stored in the spent fuel pool from 2,000
to 2870. Other previously approved specifications of Section 5.5 would remain
unchanged. The change is based on the installation of new fuel racks in the
spent fuel pool which can provide a closer packing of fuel assemblies. Required
criticality margins are maintained by incorporation of boron containing material
in the rack design. This is a commonly used feature for high density rack design
design, and a large number of similar designs have been approved by the NRC.

At this time, the staff is granting the proposed amendment in part: i.e.,
installation of sufficient fuel storage racks of new design in the pool to
accommodate 2870 assemblies, and storage of fuel assemblies in the new racks up
to the present Technical Specification limit of 2000 assemblies in the pool.
Use of the remaining 870 storage positions for the storage of fuel assemblies
is not authorized by this amendment.

2.0 BACKGROUND

VY is a General Electric Company Boilino Water Reactor (BWR) which received

an operating license on March 21, 1972. At the time of licensing, the spent
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fuel pool contained sufficient storage locations to accommodate 600 fuel
assemblies. The spent fuel pool cooling system consists of two redundant trains
with each train consisting of one 450 gpm pump and one heat exchanger. The
design capability of each heat exchanger is 2.23 MBtu/Hr with a pool water
temperature of 125°. The spent fuel pooi cooling system is non-seismic

Category I, non-Class IE.

VYNPC received approval to replace the original spent fuel storage racks
with high-density spent fuel storage racks in September 1977. These
high-density racks were to be installed in phases providing a total

maximum storage capacity of 2000 fuel assemblies. To date, the licensee has
installed racks sufficient to store 1690 fuel assemblies. On April 25, 1986
the licensee requested approval to rerack the spent fuel pool for a

second time. This second rerack application is the subject of this

safety evaluation report. The new high density storage racks would

increase the storage capacity of the spent fuel pool to 2870 fuel assemblies
and is projected to provide storage capacity until 2001.

The licensee provided additional information on the proposed second

rerack request in submittals dated August 15, September 26, October 21

and November 24, 1986, and February 25, March 19, March 31, April 9,

April 13, May 22, June 11, September 1, and December 11, 1987, and March 2,
1988. The licensee also incorporated by reference information contained in
submittals dated September 11, 1981, November 30, 1983, and May 21, June 27,
and December 18, 1984. Information related to the licensee's computer modeling
of spent fuel pool cooling was provided at a meeting on January 15, 1987 in
Richland, Washington.

In the April 25, 1986 submittal, in addition to requesting approval to
rerack the spent fuel pool, the licensee identified necessary changes
involving removal of the spent fuel pool cooling system return line
spargers and related piping inside the spent fuel pool. In a submittal
dated September 1, 1987, the licensee further defined this request by
proposing to cut off the Spent Fuel Pool Cooling System (SFPCS) return line
at approximately 15 feet above the top of the racks (which is approximately
8 feet below the fuel pool water level). This modification would provide
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for the storage of an additional 100 fuel assemblies. The licensee stated
that the natural circulation developed by the heat generated by the spent
fuel will provide adequate cooling for the spent fuel.

The staff issued a status report dated January 21, 1988, which Jdiscussed five
technical open issues related to the licensee's request to increase the storage
capacity of the spent fuel pool tn 2870 fuel assemblies. Some of these open
issues involved the fuel pool cooling system and its cooling capacity. These
open issues also involved increased heat load due to an increase from the
present 2000 fuel assemblies limit to the requested 2870 limit. The staff met
with the licensee on February 9, 1988 to discuss these issues.

During the meeting, the licensee revealed that it had reached a decision to
design, build, and install an enhanced cooling system for the spent fuel pool.
This medification was proposed for the purpose of expediting resolution of
outstanding issues. Subsequently, the licensee in a submittal dated March 2,
1988, documented its commitment to install an enhanced cooling system. Although
no details of the modified design were provided, the licensee did provide some
design and performance information for the enhanced SFPCS.

In order to allow reracking to commence in such a way that personnel radiation
exposure is minimized, without awaiting completion of review with respect to
enhanced cooling, at this time the staff is considering the portion of the
proposed expansion involving reracking and placement of the new racks in the
pool but is not considering the storage of more than 2000 asseablies in the pool.
Consideration of storage of more than 2000 assemblies will await a determination
of the adequacy of spent fuel pool cooling for more than 2000 assemblies,
including the yet-to-be-designed enhanced spent fuel pool cooling system.

Before completing review of the proposed expansion the staff requires more
information than is presently available related to the enhanced spent fuel pool
cooling system,

Sufficient information is presently available, however, to enable the staff to
consider whether or not it is safe to store spent fuel in the new racks up to
the present Technical Specification limit of 2000 fuel assemblies, and whether
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the additional new racks for future storage of 2870 fuel assemblies may be
safely installed in the fuel pool. Because of the procedure by which the
expansion must be accomplished, it is advantageous to consider the reracking
process before sufficient information is available to reach a conclusion with
respect to storing 2870 assemblies.

In order to begin the proposed expansion, the licensee must place a new
rack in the pool and transfer fuel presently stored in an ¢'d rack to the
new rack, The empty old rack is ‘hen removed to make room for azother
new rack, and the process is repeated until all fuel has been transferred
to new racks. Additional new racks will than be added to provide space
for future storage. It is expected that several months will be required
to complete this task for the inventory of irradiated fuel presently in
the Vermont Yankee storage pool. If more irradiated fuel were added to
the present inventory stored in old racks, the reracking would take even
longer and require even more personnel radiation exposure than is required
presently.

3.0 EVALUATION

3.1 Criticality Consideration

Required criticality margins are maintained by incorporation of boron
containing material in the rack design.

The rack design (described in detail in VYNPC's letter of September 25,
1986) is configured so that the boron associated with the cells, in the
form of Boral, is arranged such that there is boron between each pair of
fuel assemblies. This includes the Boral on the outer edge of racks,
which is arranged so that there is boron between assemblies facing each
other across rack gaps. The B-10 loading of the Boral is 0.027 gm/cm?
minimum. The cell pitch is 6.218 inches and the cell inside width is
5.922 or 6.092 inches (fuel assembly with channel is 5.438 irzhes).

The criticality calculations for the new racks were performed by Yankee
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Atomic Electric Company (YAEC). The calculations were performed with two
methodologies. The reference criticality analyses were performed with
the Monte Carlo code KENO-IV using the NITAWL code to provide cross
sections based on the XSDRN code cross section library. For sensitivity
calculations and trend analyses the diffusion code PDQ-7 was used with
cross sections from the CASMO code. All of these codes and cross
sections are well known industry standards, frequently used for analyses
of fuel pools and other complex criticality problems, and have been
approved by the NRC.

YAEC has benchmarked its KENO methodology against a number of relevant
critical experiment results from Babcock and Wilcox and Battelle
Northwest Laboratories, These experiments present geometrically
representative configurations for fuel racks. YAEC has used these
benchmark calculations to develop an analysis methodology uncertainty
factor to be added to rack keff calculations.

YAEC has also determined the potential variation of the rack and fuel
parameters that are used in determining the keff of the rack-fuel

system. These parameters include poison thickness, boron concentration,
cell pitch, stainless steel thickness and eccentric fuel position. The
variation of keff with these parameters (taken at a 95/95
probability/confidence level) was determined. These (independent
parameters) were statistically combined to provide a Ax uncertainty

which, along with the Monte Carlo statistical uncertzinty, is added to the
base keff calculation.

YAEC has investigated abnormal conditions that might be associated with

the spent fuel pool and has determined that potential reactivity

variations caused by abnormal pool conditions and accidents have either
negligible or negative effects on keff . These include changes in pool
temperature from the base conditions, cell or rack displacement from
seismic incidents, fuel or heavy object drop events, and fuel assembly
placement outside of the racks. Thus keff for the fuel pool is determined,
both for normal and abnormal conditions by adding the previously discussed
method and mechanical uncertainties to the base calculation, without the
need for additional factors to account for abnormal conditions.
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For the base case, the YEAC Monte Carlo calculations assume (1) an
infinite square array of cells (2) with a pitch of 6.218 inches, each
containing (3) an unirradiated fuel assembly of 64 fuel rods (no water
rods) with (4) a uniform enrichment of 3.25 weight percent U-235,

(5) no burnable poison and (6) infinite length. The water temperature is
68° F. This fuel assembly enrichment bounds present fuel enrichments and
the use of no burnable poison provides conservatism for reactivity
calculations.

For the base configuration, the keff was calculated to be 0.9046. The
total uncertainty at a 95/95 level was 0.0221 Ax, giving a total keff of
0.9267. This is to be compared to a required upper limit of 0.95.

The fuel assembly lattice used for the base rack calculations was
calculated to have a standard reactor core geometry uncontrolled k= value
of 1.35. YAEC proposed, in the initial submittal, to use a fuel assembly
k= of 1.35 as the design bases for fuel acceptable for storage in the
racks (rather than a fuel enrichment limit). This is common practice for
BWR fuel storage (see for example NEDE-24011-P-A-8, May 1986) and allows
credit for the burnable poison in the fuel assembly in the analyses to
meet the Technical Specification requirement of 0.95. As a result of
discussions with the staff concerning the nature of additional
uncertainties involved when using a k= design criteria, this proposed
limit was reduced to 1.31 by VYNPC by letter dated October 21, 1986. The
possible reactivity effects of (1) nonuniform enrichment variation in the
assembly, (2) uncertainty in the calculation of ke and (3) uncertainty in
average assembly enrichment were examined and quantified by YAEC,
providing the additional correction factor of 0.04 Ax.

The basic criticality design of the new racks, using boron lined cells to
provide the appropriate neutron multiplication level for the closer
packed array of high density racks, is a commonly used concept and has
been accepted for many spent fuel storage pools. It is an acceptable
design concept for maintaining criticality levels for the VY pool.
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The methodology used by YAEC to analyze the criticality and reactivity
change characteristics of the racks is a state of the art methodology,
commonly used and approved for other utilities for such analyses. The
Monte Carlo method using the KENO/NITAWL/XSDRN package provides an
acceptable methodology for the base calculations and the PDQ/CASMO is
acceptable for sensitivity calculations. These methods have been
benchmarked against an appropriate selection of critical experiments,
with results falling within expected ranges of deviations from the
experiments. The derivation of the uncertainty of the methodology from
this benchmarking follows normal procedures and also falls within an
expected range. It is acceptable.

The examination of uncertainties to be attributed to variances in
dimensions and materials in the fuel and racks has covered an acceptable
range of parameters and has used a suitable, standard methodology for
determining the reactivity effects and their statistical combination.
The examination of the effects of abnormal conditions has covered the
standard events relating to changes in temperature, movements,
misloadings and dropping of assemblies and other equipment, and the
results, giving nonpositive reactivity additions, are reasonable and
acceptable.

The base calculations and added factors for uncertainties, giving a total
Keff of 0.9267, are thus acceptable for an average enrichment of 3.25
percent. There is a margin of 2.3 percent Ax to the staff required
Technical Specification limit of 0.95. The transfer to a fuel assembly

ke design basis criterion has conservatively considered relevant

additional uncertainty factors, and the resulting design basis k= value

of 1.31 is acceptable. The approach of using a x= design basis has been
approved in other applications, and is used in the staff apprcved General
Electric reload analysis approach (as given in GESTAR II, NEDE-24011-P-A-8,
May 1986).

The base Kefs criterion of 0.95 given in Technical Specification 5.5.B
remains the same. Also unchanged by this request is the average
enrichment 1imit of 16 grams of U-325 per longitudinal centimeter of
assembly. This specification is compatible with the 3.25 percent U-235
enrichment used in the base calculations.



3.2

-8.

Therefore, it is concluded that the required criticality margins are
maintained by the new racks

Structural Engineering

The new high density racks are stainless steel "egg-crate" cellular
structures of approximately 6 inches square. Each ce ! is designed to
contain a spent fuel assembly and a typical rack consists of approximately
300 cells whose dimensions are approximately 10 feet long by 8 feet wide
and 15 feet high. Weight of the rack and fuel is transmitted to the floor
of the pool through supporting legs. The racks are each free-standing on
the pool floor and a gap is provided between the racks and between the
racks and the pool wall so as to preclude impact during earthquake. Such
design provides a rargin of safety against tilting and deflection
movement.

The spent fuel pool is a reinforced concrete structure supported by
the Reactor Building wal's. The pool is approximately 26 feet wide
by 40 feet long by 39 feet high and is completely lined with seam
welded ASTM A240 Type 305 stainless steel.

The licensee's luad combinations and acceptance criteria were found

. to be consistent with those in the "Staff Position for Review and

Acceptance of Spent Fuel Storage and Handling Applications" dated
April 14, 1978 and amended January 18, 1979. The existing concrete
pool structure was evaluated for the new loads in accordance with
the requirements of the appropriate industry codes such as ASME
Section III and ACI 349-80 and the NRC staff guidelines and
documents such as Standard Review Plan (NUREG-0800) and Regulatory
Guide 1.92 "Combining Model Responses and Spatial Components in
Seismic Response Analysis."

Seismic Toads for the rack design are based on the original design
floor acceleration response spectra calculated for the plant at the
licensing stage. The seismic loads were applied to the model in
three orthogonal directions. The hydrodyramic loads of pool water
acting on pool walls are considered. Loads due to a fuel bundle
drop accident were considered in a separate analysis. The
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postulated loads from these events were found to be acceptable.

The dynamic response and internal stresses and loads of the racks and pool
structure are obtained from a time history seismic analysis. Nonlinear
time history analysis are performed utilizing the widely-used industry
ANSYS code. Friction between rack support pads and pool floor and hydro-
dynamic coupling are considered in the analysis. Calculated stresses for
the rack components were found to be within allowable limits. The racks
were found to have adequate margins against sliding and tipping.

An analysis was conducted by the licensee to assess the potential effects
of a dropped fuel assembly on the racks. The external kinetic energy
will be absorbed by rack strain energy through deformation of the rack
cells. The overall integrity of the rack will not be adversely affected.

The existing structures were analyzed by the licensee for the modified
fuel rack loads. The strength design method for reinforced concrete was
used in conjunction with conventional structural analysis procedures to
determine capacities. The existing spent fuel pools are determined

to safely support the loads generated by the new fuel racks.

[t is concluded that the proposed rack installation will satisfy the
requirements for 10 CFR 50, Appendix A, GDC 2, 4, 61 and 62, as

applicable to structures, and is therefore acceptable.

Compatability and Chemical Stability of Rack Materials

The staff reviewed the compatibility and chemical stability of the new
rack materials wetted by the pool water. The licensee supplemented the
original submittal dated April 25, 1986, with additional information
regarding rack materials by letter dated March 31, 198/. The proposed
spent fuel racks are to be constructed entirely of Type 2J4L stainless
steel, except for threaded rods attached to leveling pads which are 17-4
PH-hardened stainless steel and the neutron absorber material. The 17-4
PH threaded rods are heat treated, chemically cleaned and cnhrome plated.
The neutron absorber material is Boral with a minimum B10 loading of 0.027
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gms/cm?. Boral is a dispersion of boron carbide in an aluminum matrix
with an aluminum clad.

The spent fuel rack compartments containing the Boral are not watertight.
This will allow venting of gas generated by radiolysis of contained
water and by Boral off-gassing, preventing pressure buildup and possible
swelling.

The austenitic stainless steel (304L) used in the rack fabrication has a
maximum carbon content of 0.03% by weight which minimizes the sensitization
in weld heat-affected zones. The stainless steel racks are compatible with
the spent fuel pool water that is processed by filtration and demineralization
to maintain water purity and clarity. The spent fuel pool purity is
maintained at < 1y s/cm conductivity at 25°C, < 500 ppb chloride, < 100 ppo
total heavy elements, and a pH range of 5.8 to 8.0. Intergranular corrosion
tests performed in accordance with ASTM A262, Practice E are required for the
austenitic stainless steel. Dissimilar metal contact corrosion (galvanic
attack) between the stainless steel rack assemblies, aluminum in Boral
neutron absorption plates and zircaloy in the fuel assemblies will not be
significant because the materials are protected by highly passiviting oxide
films and are, therefore, at similar galvanic potentials.

Boral has undergone extensive testing to study the effects of gamma
irradiation in various environments, and to verify its structural
integrity and suitability as a neutron absorbing material. Boral has
been qualified for 1011 rads of gamma radiation while maintaining its
neutron attenuation capability.

The annulus space in each cell assembly which contains the Boral is
vented to the pool to allow venting of radiologic gases and Boral

outgassing. This will prevent swelling and bulging of the stainless
steel plates.

Tests have shown that Boral does not possess leachable halogens that
could be released into the pool environment in the presence of
radiation. Similar conclusions have been made regarding the leaching of
elemental boron from the Boral.
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To provide added assurance that no unexpected corrosion or degradation of
the materials will compromise the integrity cf the racks, the licensee
has committed to conduct a long-term poison coupon surveillance program.
Surveillance samples in the form of stainless steel retained sheets of
Boral (prototypical of the fuel storage cell walls) will be exposed to
the spent fuel pool water. These coupons will be removed and examined
periodically over the expected service life.

The staff has reviewed the description of the propcsed surveillance
program for monitoring the Boral in the spent fuel storage pools and
concludes that the program can reveal deterioration that might lead to
loss of neutron absorbing capability during the 1ife ot the spent fuel
racks. The staff does not anticipate that such deterioration will occur,
but if it would occur, it would be gradual. In the unlikely event of
Borai deterioration in the pool environaent, the monitoring program will
detect such deterioration and the licensee will hi.e sufficient time to
take corrective action, for example, replacement ¢ e Boral sheets.

Based on the above discussion, the staff concludes . “*t tre corrosion of
the spent fuel poo. components due to the spent fuel s. rage pool
environment should be of little significance during the 1ife of the
facility. Components in the spent fuel storage poo! are constructed of
alloys that have a low differential galvanic potential between them and
have a high resistance to general corrosion, localized corrosion, and
galvanic corrosion. Tests under irradiation and at elevated temperatures
in water indicate that the Boral material will not undergo significant
degradation during the projected service life of approximately 40 years
for the racks.

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

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

Occupational Radiation Exposure

The staff has reviewed the licensee's plan for expansion of the spent

fuel pool storage capacity with respect to occupational radiation exposure

and finds that the ALARA policy, design, and operational considerations

are acceptable. This finding is based on the licensee having considered

the provisions of 10 CFR Part 20.101, 20.1(c) and 20.103. and the guidelines

of Regulatory Guides 8.8 and 8.10 with respect to the planned expansion.

The licensee is currently developing specific work packages for the rerack
project and has set a dose goal of 20 man-rem. This 20 man-rem dose goal

is based on information gained by reviewing the experience at other cperating
nuclear plants that have recently performed similar spent fuel pool modifications.
To meet their dose goal (20 man-rem) and the ALARA provision of 10 CFR 20.1(c),
the licensee has assigned an engineer ALAIA responsibility to review and
approve each work package for the project. The 20 mar-rem dose goal

represents about 2% of the average annua' occupational exposure at the

Vermont Yankee plant. The 20 man-rem dose goal includes all activities
necessary for the reracking operation including vacurm cleaning of the SFP
walls and floor; shuffling fuel, installation of the new racks; removal of

the old racks; cleaning decontamination, and any necessary cutting of old
racks; and disposal of waste resulting from the reracking operation, incluaing
the old racks.

In terms of radiation dose to workers, the spent fuel assemblies
themselves contribute a negligible amcunt to dose rates in the pool area
because of the depth of water shielding the fuel. However, one potential
source of radiation to workers during the rerack operation is radiocactive
activation or corrosion products, which are referred to as crud. Crud
may be released to the pool water because of fuel movement during the
proposed SFP modification. This could increase radiation levels in the
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vicinity of t e pool. The addition of crud to the pool water is greater
during refuelings, when the spent fuel is moved first into the fuel

pool. It is at this time that most of the additional crud is introduced
irto the pool ~ater from the fuel assembly and from the introduction of
primary coolant. However, significant releases of crud to the pool water
during the rerack operation is not expected, since the new racks are
cleaned prior to installation. In addition, the purification system for
the pool, which keeps radiation levels in the vicinity of the pool at low
levels, includes a filter to remove crud. This filter will be operating
during the modification of the pool.

By letter dated November 24, 1986, the licensee provided information
describing actions to be taken during spent fuel pool (SFP)

modificaticn. Some of the ALARA activities for reducing the occupational
radiation dose include:

(a) vacuum cleaning of the SFP floor and walls as required;
(b) hydrolasing and cleaning of old spent fuel racks;

(c) wuse of remote operations for rack removal and replacement
operations; and,

(d) wutilizing the SFP Filtration System to maintain clean water in
the pool

The licensee also has provided a description of contained and airborne
radioactivity sources related to the SFP water which may become airborne
as a result of failed fuel and evaporation. The staff has reviewed these
source terms and finds them to be acceptable.

Recently there has been a concern expressed .hat a severe reactor accident
could lead to loss of water from the spent fuel pool. Specifically, if

vhe pool cooling system was disabled as part of the reactor accident
sequence, and repairs of this system were precluded for several weeks, due
to high radiation fields around the plant, then it is possible to postulate
a reduction in SFP water inventory. Vermont Yankee, as well as other
nuclear plants, employ a defense in depth concept for early warning of,
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TABLE 1. ASSUMPTIONS USED IN FUEL HANDLING ACCIDENT

Reactor Power Level 1665 MWth
Number of fuel assemblies in core 368
Number of fue! rods damaged 126

Standby Gas Treatment System filter

efficiency for elemental and organic

iodines 5%
Cooldown time for impacted spent fuel 24 hrs
Effective pool decuntamination factor

for iodine 100

GAP ACTIVITY:

lodine 10%
Krypton 30%
Total noble gas 10%

other than Krypton

Location Time Period X/Q

EAB 0-2  hrs 0.25 x 10" /™

LPZ 0-8  hrs 0.35 x 107
8-24 hrs 0.21 x 107
24-96 hrs 0.70 x 10°
96-720 hrs 0.15 x 107>

The staff concludes that the proposed spent fuel pool expansion meets the
applicable criteria with respect to the fuel handling accigent analysis and
is acceptable.
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spent Fuel Cooling ystem Modificition

The license proposed to remove th: return line spargers and tr terminate
the return line in a downward poiniing direction at approximately 15 feet
above the top of the spent fuel pool starage racks (8 feet below *he
surface of the water). With the spargers installed as originally
licensed in 1972, the water from the SFPCS was returned at the bottom of
the spent fuel pool below the spent fuel storage racks. The water
generally traveled up through th» racks as it passed to the far side of
the spent fuel pool, thus providing "forced" cooling of the spent fuel,
wWith the proposed removal of the spargers, the water will enter and exit
the pool at approximately tt ime elevation above the spent fuel storage
racks. The mechanism for 1.y the spent fuel in this configuration
relies on natural circulation. The staff performed an indepandent spent
fuel cooling analysis to verify the licensee's claim that removal of the
spargers will not affect spent fuel cooling capability.

The results demonstrate that because of adequate mixing in the upper
plenum, the relatively open flow area below the fuel, and the 2-inch gap:
around the periphery of the racks, adequate spent fuel cooling is

provided regardiess of the inlet flow orientation, or “loading patterns"

of the hot assemblies within the pool. The primary factor controlling poo)
performance is the total pool heating rate to total pool recirculation

flow rate. Additional details of the st-ff's independent analysis are
contained in NUREG/CR-5048, "Review of the Natural Circulation Effect in
the Vermont Yankee Spent-Fuel Pool," by C. L. Wheeler of Pacific

Northwest Liboratory.

Spent Fuel Pool Temperature Limit

Even though this amendment does not modify the current SFP temperature
limit, and does not authorize an increase in storage and thus does not
affect heat load, the staff addressed the spent fuel temperature limit in
its review, Standard Review Plan Section 9.1.3 identifies an acc:ptable
spent fuel pool temperature limit of 140°F for the normal mi-imum heat
load case. Vermont Yankee was originally licensed with Technical




-21.

Specification 3.12(H), which limits the maximum pool temperature to 150°F,
The licensee stated in the submittal dated April 9, 1987, that the SFPCS

is qualified for a poo! water temperature of 150°F. Specifically, the
qualification temperatures for the major components are: 140°F for the
demineralizers, 15(°F for the SFPC pumps ard heat exchangers, and 175°F

fur the SFPCC piping. At water temperatures greater than 140°F, the
demineralizers resins may start to degrade. In order to prevent degradation
of the demineralizer resin, and to be in conformance with the guidelines of
SRP Section 9.1.3, the licensee committed in a submittal dated June 11, 1987
to isolate the demineralizers when the SFPCS inlet temperature is 140°F or
higher. As detailed in Vermont Yankee's letter of September 1, 1987, spent
fuel temperature is continuously monitored when the system is in operation.
A Control Room alarm will sound when temperature exceeds an administrati
limit of 125°F. Additionally, Vermont Yankee has committed to directly
monitor fuel pool temperature every four hours if one or both fuel pool
cooling trains are inoperable (see Vermont Yankee letter, dated September 1,
1987, spent fuel temperature is continuously monitored when the system is

in operation. A Control Room alarm will sound when temperature exceeds

an administrative limit of 125°. Additionally, Vermont Yankee has

committed to directly monitor fuel pool temperature every four hours if

one or both fuel pool cooling trains are inoperable (see Vermont Yankee
letter, dated September 1, 1987, Attachment 2) until the enhanced Fuel

Pool Cooling System is operable.

Further, the licensee performed a re-evaluation of the remaining SFPCS
components and determined that each of the components (pump, valves, heat
exchangers, etc.), piping and supports, and structures required are
capable of operation at a fluid temperature of 200°F. The FSAR states
that one purpose of the SFPCS is to assure the operability of the Reactor
Building Ventilation (HVAC) system. The liLensee has re-evaluated the
performance of the reactor building HVAC with 31 pool water temperature of
200°F and concluded that there will be negligible degradation of the
reactor building HVAC system. The licensee also evaluated the available
NPSH for the SFPCS pumps with a pool water temperature of 212°F and
concluded that there is a 20 foot margin above the required NPSH of 25
feet and thus adequate pump operation can be provided at elevated pool
water temperature of 200°F.
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Based upon the information reviewed as discussed above, including the
125°F alarm, the staff finds the 150°F maximum poo) temperature of

Technical Specification 3.12H to be acceptable.

4.0 SIGNFICANT HAZARDS CONSIDERATIONS COMMENTS

The licensee's request for amendment was noticed on June 18, 1986 (51FR22226)
and again on December 31, 1986 (51FR47324) with respect to no significant
hazards consideration determination and opportunity for hearing. On January
25, 1987 The New England Coalition on Nuclear Pollution (NECNP) and the State
of Vermont petitioned to intervene and on January 30, 1927 the Commonwealth of
Massachusetts petitioned to intervene. Following ruling on contentions by an
Atomic Safety and Licensing Board and a subsecuent ruling by an Atomic Safety
and Licensing Appeal Board, only one contention remains. That contention
concerns the single failure proof characteristics of the spent fuel pool
cooling system and the residual heat removal system, and thus is unrelated to
this licensing action, because this licensing action does not change the heat
load on the spent fuel or rusidual heat removal sy-tems. This amendment
approves the placement of new racks in the spent fuel pool and storage of

fuel in the racks without exceeding the presently authorized 2000 assemblies in
the pool.

The New England Coalition on Nuclear Pollution (NECNP) provided the only public
comments taking issue with the technical basis of the Commission's proposed
finding of no significant hazards consideration. In its filing dated July 21,
1986, NECNP expressed the belief that the expansion could significantly increase
the risk and consequences of an accident due to the vulnerability of the pools
(sic) to failure in the event of a containment failure. This action authorizes
only the usage of fuel storage racks of new design and not the storage of
additional fuel. The structural capability of the pool has been considered and
found to be completely adequate for “he additional racks, and the use of racks
of new design, rather than old design, has been cuasidered and found not to

have a significant impact for reasonably foreseeable design basis events.
Therefore, there will not be a significant increase in the risk and conse-
quences of an accident due to vulnerability of the pool in the event of con-
tainment failure.
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NECNP in its filing dated September 19, 1986 expressed concern that the
expansion of the fuel pool storage could increase the probability of a
zircaloy cladding fire because of the denser packing of the fuel and the
suppression of heat transfer by neutron absorbing material, and increase

the consequences of a zircaloy cladding fire by the presence of an increased
inventory of radioactivity. NECNP attributed the cause of these accidents
to either (1) a reactor accident which by some means, such as a hydrogen
explosion, caused a loss of pool water, or (2) an acrident which, by some
means not involving the reactor, caused a loss of pool water. In a filing
dated November 19, 1986 NECNP presented information related to Chernoby!l
purporting to support the previous filings but introducing no new comments.
The Staff's response to NECNP's comment is that the action being authorized
does not invoive storage of additional fuel; therefore, the comment relating
increased consequences to increased inventory does not apply. With respect
to the remaining concern related to increased probability of an accident
because of the new rack design, the staff, in Section 3.8 of this evaluation,
has addressed both the safety and environmental aspects of a fuel handling
accident, an event which bounds the potential adverse consequences of
accidents attributable to operation of a spent fuel pool with high density
racks. A fuel handling accident may be viewed as a "reasonably foreseeable"
design basis event which the pool and its associated structures, systems

and components (including the racks) are designed and constructed to prevent.
The environmental impacts of this accident were found not to be significant.

The staff has considered events whose consequences might exceed a fuel
handling accident, that is, beyond design basis events. Such occurrences
include a criticality accident and a zircaloy cladding fire caused by
overheating following the loss of spent fuel pool cooling caused by a poo)
failure. Compliance with General Design Criteria 61, "Fuel Storage and
Handling and Radioactivity Control" and 62, "Prevention of Criticality in
Fuel Storage and Handling" of 10 CFR Part 50, Appendix A, and adherence to
approved industry codes and standards as set forth in the licensee's

rerack application (which includes compliance with certain design and
construction criteria contained in the Final Safety Analysis Report)
provides assurance that such events are of very low probability by ensuring
that pool and rack integrity and pool cooling capability are maintained.
Acceptance criteria for the General Design Criteria consider all reasonably
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The proposed spent fuel pool expansion amendment is similar to more than
100 earlier requests from other utilities for spent fuel pool expansions.
The majority of these requests have already been granted by the NRC;
others are under staff review. The knowledge and experience gained by the
NRC staff in reviewing and evaluating these similar requests were used in
this evaluation. The licensee's request does not use any new or unproven
technology in either the analytical techniques necessary to support the
expansion or in the construction process.

The staff has determined that reracking the spent fuel pool at the Vermont
Yankee Nuclear Power Station does not significantly increase the probability
or consequences of accidents previously evaluated; does not create new
accidents not previously evaluated, and does not result in any significant
reduction in the margins of safety with respect to criticality, cooling or
structural considerations.

The following staff evaluation in relation to the three standards demonstrates
that the proposed amendment for the SFP expansion does not involve a significant

hazards consideration

First Standard

“Involve a significant increase in the probability or consequences of an
accident previously evaluated."

The following postulated accidents and events involving spent fuel storage
have been identified and evaluated by the licensee. The staff likewise
evaluated the same accidents and events.

1. A spent fuel assembly drop in the spent fuel pool.

2. A seismic event.

3. A spent fuel cask drop.

A construction accident.
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The probability of occurrence of any of the first three accidents is not
affected by the racks themselves; thus the modification cannot increase
the probability of occurrence of these accidents. As for the construction
accident, the licensee will not carry any rack directly over the stored
spent fuel assemblies. A1) work in the spent fuel pool area will be
controlled and performed in strict accordance with specific written
procedures. The crane that will be used to move the racks within the
reactor building and the spent fuel pool has been svaluated and found
acceptable. Section 3.6 of this safety evaluation contains the details of
the staff's analysis. Thus, the probability of a construction accident

is not significantly increased as a result of reracking. Accordingly,

the proposed modification does not involve a significant increase in the
probability of occurrence of an accident previously evaluated.

As noted in Section 3.1 of this safety evaluation, the consequences of a
spent fuel assembly drop in the spent fuel pool was evaluated and it was
found that the criticality acceptance criterion, k'ff less than or equal
to 0.95, is not violated. The staff also conducted an evaluation of the
potential consequences of a fuel handling accident. The staff analysis
found that the calculated doses are less than 10 CFR Part 100 guidelines.
The results of the analysis show that dropping a spent fuel assembiy on
the racks will not distort the racks such that they will not perform their
safety function. Section 3.6 contains the details of the staff's accident
analysis. Thus, the consequences of this type of accident are not significantly
changed from the previously evaluated spent fuel assembly drops which have
been found acceptable.

The consequences of a seismic event have been evaluated and are acceptable.
The new racks will be designed and fabricated to meet the requirements of
applicable portions of the NRC Regulatory Guides and published standards.
The new free-standing racks are designed, as are the existing free-standing
racks, so that the floor loading from racks completely filled with spent
fuel assemblies, partially filled, or empty at the time of the incident,
does not exceed the structural capability of the spent fuel pool. The

Reactor Building and spent fuel pool structure have been evaluated for

the increased loading from the spent fuel racks in accordance with the |
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installation process of the new racks. The basic reracking technology in
this case has been developed and demonstrated in numerous applications for a
fuel pool capacity increase which have already received NRC staff approval.

Therefore it is concluded that the proposed amendment to replace the spent fuel
racks in the spent fuel pool will not create the possibility of a new or

different kind of accident from any accident previously evaluated.

Third Standard

"Involve a significant reduction in a margin of safety."

The staff Safety Evaluation review process has established that the issue
of margin of safety, when applied to a reracking modification, should address
the following areas:

1. Nuclear criticality considerations.
2. Thermal-hydraulic considerations.
3.  Mechanical, material and structural considerations.

The established acceptance criterion for criticality is that the neutron
multiplication factor in spent fuel pools shall be less than or equal to 0.95,
including all uncertainties, under all conditions. This margin of safety has
been adhered to in the criticality analysis methods for the new rack design.

The methods used in the criticality analysis conform with the applicable

portions of the appropriate staff guidance and industry codes, standards,

and specifications. In meeting the acceptance criteria for criticality in the
spent fuel pool, such that k.ff is always less than 0.95, including uncertainties
at a 95%/95% probability/confidence level, the proposed amendment to rerack the
spent fuel pool does not involve a significant reduction in a margin of safety

for nuclear criticality, Section 3.1 contains the details of the staff's analysis.
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Reracking the Vermont Yankee spent fuel storage poo!, without approving expanded
fuel storage capacity, adds nothing to the pool heat load. Therefore, all thermal-
hydraulic considerations related to bulk pool temperature and the spent fue)

pool cooling system remain unchanged. Local cooling effects due to removal of

the return line spargers was independently analyzed by the staff, and found to
cause no significant reduction in the margin of safety.

The main safety function of the spent fuel pool and the racks is to maintain

the spent fuel assemblies in a safe configuration through all normal or abnormal
loadings, such as an earthquake, impact due to a spent fuel cask drop, drop of

a spent fuel assembly, or drop of any other heavy object. The mechanical,
material, and structural design of the new spent fuel racks is in accordance
with applicable portions of the "NRC Position for Review and Acceptance of Spent
Fuel Storage and Handling Applications," dated Apri) 14, 1987, as modified
January 18, 1979, Standard Review Plan 3.8.4; and other applicable NRC guidance
and industry codes. The rack materials used are compatible with the spent fuel
pool and the spent fuel assemblies (see Section 3.3 of this safety evaluation).
The structural considerations of the new racks address margins of safety against
tilting and deflection movement, such that the racks are not damaged during
impact (see Section 3.2 of this safety evaluation). In addition, the spent fuel
assemblies remain intact and no criticality concerns exist. Thus, the margins
of safety are not significantly reduced by the proposed rerack.

Therefore, it is concluded that the proposed amendment to replace the spent
fuel racks in the spent fuel pool will not involve a significant reduction in
a margin of safety.

6.0 SUMMARY

Based on the above-described review, the staff concludes that the reracking

of the Vermont Yankee spent fuel pool to accommodate 2870 fuel assemblies using
the new high density racks is acceptable. The present Technical Specification
Section 5.5, which limits the number of spent fuel assemblies stored in the
spent fuel pool to 2000 assemblies, remains unchanged.
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The staff's conclusions are limited to the removal of the spargers and the use
of the new racks. The staff is not at this time authorizing the filling of the
racks beyond the 2000 assemblies presently authorized.

7.0 ENVIRONMENTAL CONSIDERATIONS

This amendment involves a change in the installation or use of a facility
component located within the restricted area as defined in 10 CFR Part 20.

The staff has determined that the amendment involves no significant increase

in the amounts, and no significant change in the types, of any effluents that
may be released offsite, and that there is no significant increase in
individual or cumulative occupational radiation exposure. The Commission has
previously published a proposed finding that the proposed amendment involves no
significant hazards consideration, and in Section 5.0 of this evaiuation the
Commission reaches a final conclusion that this amendment involves no significant
hazards consideration. Therefore, this amendment meets the eligibility
criteria for categorical exclusion set forth in 10 CFR 51.22(c)(9). Pursuant
to 10 CFR 51.22(b) no environmental impact statement or environmental
assessment need be prepared in connection with the issuance of this amendment.

8.0 CONCLUSIONS

The staff has reviewed and evaluated the licensee's request for reracking
the Vermont Yankee spent fuel pool. Based on the considerations
discussed in this safety evaluation, the staff concludes that:

(1) This amendment will not (a) significantly increase the probabiiity
or consequences of accidents previously evaluated, (b) create the
possibility of a new or different accident from any accident
previously evaluated, or (c) significantly reduce a margin of safety;
and therefore, the amendment does not involve significant hazards
considerations;

(2) there is reasonable assurance that the health and safety of the
public will not be endangered by operation in the proposed manner, and
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