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August 26,1999
BVY 99-107

U.S. Nuclear Regulatory Commission
ATTN: Document Control Desk
Washington, DC 20555

Reference: (a) Letter, VYNPC to USNRC," Technical Specification Proposed Change No. 207, Spent
Fuel Pool Storage Capacity Expansion," BVY 98-130, dated September 4,1998.

Subject: Vermont Yankee Nuclear Power Station
License No. DPR-28 (Docket No. 50-271)
Response to Request for AdditionalInformation Regarding |
Spent Fuel Pool Storace Canacity Exnansion

In Reference (a), Vermont Yankee proposed a change to the Technical Specifications to increase the spent
,

fuel storage capacity from 2,870 to 3,355 fuel assemblies. During the review of the proposed change, the I
'Staff verbally requested the submittal of additional information with regard to thermal hydraulic

considerations. The following introduction provides a brief description of the spent fuel pool (SFP)
cooling systems and various scenarios postulated during refueling evolutions. Following the Introduction )
is our response to each of the Staff's questions. i

Introduction: !.

!

The Normal Fuel Pool Cooling and Cleanup (NFPC) system, the Standby Fuel Pool Cooling (SFPC)
system and the Residual Heat Removal (RHR) system are available to provide SFP cooling during a
refueling outage.

t

The NFPC system consists of two circulating pumps connected in parallel, two heat exchangers and the
required piping, valves and instrumentation. This system cools the SFP by transferring the spent fuel
decay heat to the Reactor Building Closed Cooling Water system. Each pump has a design flow rate
capacity of 450 gpm and is capable of simultaneous operation. The pumps circulate the SFP water in a
closed loop, taking suction from the SFP, circulating the water through the heat exchanger (s) and
returning it to the SFP and/or reactor cavity. The NFPC system contains demineralizers and is used to
provide pool water filtration and demineralization to maintain proper pool water clarity and cleanliness

j- for refueling operations.
|

The SFPC system is a two train, Seismic Class I, Safety Class 3 system designed with single active failure!

f protection. It consists of two pumps and two heat exchangers normally lined up as two parallel trains.

! \'
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Jhis system cools the SFP by transferring the spent fuel decay heat to the Station Service Water system.
The pumps circulate the pool water in a closed loop, taking suction from the SFP, circulating the water
through the heat exchanger (s) and discharging it back into the SFP.

During refueling operations, when the reactor cavity is flooded and the gates between the cavity and the
SFP are removed, the RHR system may be available to cool the SFP in concert with the reactor vessel

i

core by circulating the water from the core to the SFP and back to the core. The RHR system consists of I

four pumps, two heat exchangers and the piping, valving and instrumentation necessary to ensure system
operation. However, for the purposes of this submittal, future discussions will assume that the fuel pool
gates are installed. This will limit the discusaions to analyzing the capabilities of the NFPC and SFPC
systems to cool the spent fuel pool.

Consistent with the guidance of Standard Review Plan (SRP) 9.1.3', various scenarios have been
analyzed to ensure that adequate cooling exists for the SFP. The first is a normal partial core discharge
(PCD) which is conservatively defined as a transfer of a maximum of 136 fuel assemblies (see question 3)
from the reactor core to the SFP. The end of fuel transfer for this scenario is postulated to be 6 days afkr
reactor shutdown, at which time the reactor cavity is assumed to be isolated from the SFP, Consistent
with the SRP, a single retive failure is also postulated. However, during this time frame, performance of
maintenance or testing on emergency power supplies such as the emergency diesel generators (EDG), is
possible. Accordingly, while shutdown the single active failure is postulated to be either the loss of

2offsite power (in which case the available EDG could power one train of NFPC or one train of SFPC ) or
a single active failure of plant equipment. In summary, when a single active failure is postulated while
the plant is shutdown, a minimum of at least one train of NFPC or one train of SFPC will be available for

3SFP cooling. During periods when Technical Specification 3.10.A applies, a minimum of at least one
train of NFPC or one train of SFPC would also be available for SFP cooling assuming a loss of offsite
power and concurrent single active failure. 1

The second major scenario analyzed is the full core discharge (FCD). Consistent with the guidance of
SRP 9.1.3, a FCD is defined as the transfer of all 368 fuel assemblies from the reactor core to the SFP. i

The end of fuel transfer for this scenario is postulated to be 10 days after reactor shutdown, at which time
the reactor cavity is assumed to be isolated from the SFP. Note that the FCD is not a routine refueling
practice, and as such, a single active failure is not postulated for this scenario. Accordingly, during the
FCD scenario, both trains of NFPC or both trains of SFPC are available to cool the SFP (see questions 1
and 3).

Question 1:

In Tables 5.8.1 and 5.8.2 of the submittal, the licensee provides the heat loads from the partial-core and
full-core offload scenarios and the heat rejection rates for several means of cooling. Please provide the
equilibrium bulk water temperatures for the heat load scenarios to demonstrate that it remains below the
design basis temperature of 150 F.

' NUREG-0800 - Standard Review Plan 9.1.3 " Spent Fuel Pool Cooling and Cleanup System," Rev.1, July 1981.
2 The EDGs would be capable of powering both of their respective NFPC and SFPC pumps. However, the

current thermal hydraulic analysis assumes that either the NFPC or SFPC system is in service when the SFP
gates are installed, it is noted that the design basis PCD scenario credits the SFPC system to maintain bulk pool
temperature below 150*F.

3 The Technical Specifications currently require that both trains of EDGs be operable when the reactor is in Run
Mode, Startup Mode with the reactor not in the Cold Condition, or when the reactor is critical.

_
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, Response:

For the PCD scenario, as discussed above, only one train of NFPC and one train of SFPC would be
available utilizing worst case assumptions. Table 5.8.1 of our Technical Report (Reference (a)) identified
the minimum heat rejection rates as 4.4x10' Btu /hr for one train of NFPC and 10.5x10' Btu /hr for one
train of SFPC. The maximum heat generation rate for a PCD at six days, as identified on Table 5.8.1 of
the Technical Report, is 10.5x10' Btu /hr. While a worst case equilibrium bulk water temperature has not
been calculated for the PCD scenario, a comparison of heat removal rates verses heat generation rate
demonstrates that the results would not exceed 150 F.

For the FCD scenario, as discussed above, both trains of NFPC and both trains of SFPC would be
available to cool the SFP. Ilowever, we have conservatively evaluated the minimum heat rejection rate L

for only two trains of SFPC (21.0x10' Btu /hr per Table 5.8.1) against the maximum heat generation rate I

for a FCD aller ten days (18.5x10' Btu /hr per Table 5.8.2) and calculated a maximum spent fuel pool
equilibrium temperature of approximately 142*F.

|
Actual equilibrium temperatures will be lower than the above values during periods when river water l
temperature is less than the design basis maximum ultimate heat sink temperature of 85'F. For |
conservatism, heat rejection via conduction through the SFP floor and walls, thermal radiation, and j
evaporative cooling have been neglected.

Question 2:

Explain the scenario that would occur for an emergency full-core offload [FCD) and demonstrate that
sufficient cooling capacity exists to prevent bulk boiling of the coolant for a bounding (full spent fuel
pool) case. For example, the Standard Review Plan states thtt the cooling capacity should be sufficient to
remove the decay heat from one full core after six days of operation and 144 hours of decay following a
normal 30-day refueling outage. A single failure need not be considered. |

Response:

On Page 9.1.3.7 of SRP 9.1.3, Revision 1, paragraph h.iii states:

"The spent fuel pool cooling system should have the capability to remove decay heat from the one full
core at equilibrium conditions after 150 hours decay and one refueling load at equilibrium conditions atler
36 days decay, without spent fuel pool bulk water boiling. Cooling system single failure need not be
considered concurrent for this condition."

Consistent with FSAR Chapter 10.5 and our previous Spent Fuel Pool Expansion Safety Evaluation
Report (TAC No. 69179) two conditions were evaluated, a PCD at six days after reactor shutdown and a
FCD at ten days after reactor shutdown (see question 1).

Nevertheless, the equilibrium pool temperature can be conservatively determined for the emergency FCD
condition using available design information. The decay heat from previously discharged fuel assemblies

6 6through Cycle 25 is approximately 3.7x10 Btu /hr. At 6 days, the total FCD heat load is 22.2x10 Bru/hr.
The total PCD decay heat at 36 days is approximately 6.88x10' Btu /hr. In both cases, the contribution of
the previous discharged fuel is included. If the heat load for both scenarios were added, the previously
discharged fuel would be counted twice.
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Therefore, summing the two heat loads and extracting 3.7x10' Btu /hr results in a decay heat load of.
,

approximately 25.38x10' Btu /hr for the emergency core offload scenario. Using a conservative value of |
26x10' Btu /hr with a SFPC heat exchanger effectiveness of"0.47"(see response to question 6), results in '

a spent fuel pool equilibrium temperature of approximately 165'F which is lower than the boiling
temperature.

Question 3:

In FSAR Table 10.5.2, the normal refueling load is estimated to be 136 assemblies. As listed in Table 1.1
of the submittal, the licensee used refueling loads of 96-108 assemblies for 1999 and beyond to determine
the bounding heat load. Explain the change in the design-basis heat load between the proposed offload
schedule and the FSAR discharge estimate with regard to ensuring the design-basis heat load is not
exceeded.-

Response:

FSAR Chapter 10.5 provides an estimated discharge batch size of 136 fuel assemblies. As a result of
- continuous fuel design improvements, actual discharge batch sizes have been somewhat less during recent
cycles. FSAR Chapter 10.5 will be updated as part of the SFP expansion project.

The FCD heat load is based upon a pool filled condition. Since the proposed capacity is 3,355 storage
locations, with a FCD of 368 assemblies, the total inventory of previously discharge fuel would be 2,987
assemblies. Based upon historic discharge batch size and those projected through the end of plant life, the
total spent fuel pool inventory after completion of Cycle 25 (March of 2007) would be 2,934 assemblies.
This value is less than the 2,987 assemblies used in the analysis by 53 fuel assemblies. This value reflects ]

- margin in SFP storage capability. However, in' order to fill the pool to capacity during Cycle 26 (when ]
both the FCD and PCD scenarios are evaluated), the Cycle 25 discharge batch size was assumed to be 153
assemblies. Thus, the Cycle 26 heat load for both the FCD and PCD scenarios assumes that the
previously discharged inventory is 2,987 assemblies.

Question 4:

In the submittal, the bounding heat load is calculated after six and ten days of decay time. In the FSAR,
the licensee states that fuel movement is not restrict si to the predicted heat levels for six and ten days and
that it is restricted by the availability of each heat removal system, its capacity, and the actual heat load.
Explain the administrative controls that are used to ensure the design-basis heat load and bulk water
temperature limit of 150 F are not exceeded.

Response:

The PCD and FCD scenarios were analyzed assuming the worst case cooling system availability after the
spent fuel pool gates are installed and the outage is completed (see question 1). Compared to other plants
of Vermont Yankee's vintage, the NFPC and SFPC systems provide greater operational flexibi|ity and

!defense in depth for pool ~ cooling. Under normal conditions, the SFP temperature is administratively
controlled by procedure between 80 F and i10 F using the NFPC system.

Temperature elements at each NFPC heat exchanger discharge and in the fuel pool continuously monitor
coolant temperature and indicate in the control room. Fuel pool cooling system trouble is annunciated

.

L
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, . locally,on the Fuel Pool Demineralizer annunciator panel and on control room panel 9-4. Fuel pool high
temperature alarms if any of the following conditions exist: pool temperature is above 120'F, Reactor
Building Closed Cooling Water How problem, flow is interrupted during reactor well draining, loss of
fuel pool cooling, or loss of level in the pool, in addition, fuel pool temperature is directly monitored, !

every 4 hours, if one or both fuel pool cooling trains are inoperable.

By procedure, if the fuel pool temperature exceeds 120 F, the temperature is trended and the operator is
directed to secure NFPC and place SFPC in service prior to the SFP temperature exceeding 140'F.

Each train of the SFPC (one pump and one heat exchanger) is sufficient to remove the fuel pool decay
heat six days after plant shut down, after a normal refueling discharge, and maintain the fuel pool
temperature below 150*F. Utilizing both trains of the SFPCS provides a decay heat removal capability
for a full core discharge at ten days after shutdown.

Question 5: ]

In Section 5.8.3 of the submittal, the licensee calculates the time for boiling to occur. Please provide the
maximum boitoff rate. Also provide the make-up sources and the flow rates available for corrective
actions.

Response:

Due to the redundancy and diversity of systems available to cool the SFP, a loss of all fuel pool cooling is
a beyond Design and Licensing Basis event.

Nevertheless, a loss of fuel pool cooling scenario was evaluated and it resulted in a conservative
maximum boitoff rate of 39.38 gpm. This hypothetical case is evaluated for the FCD scenario at 10 days
after reactor shutdown assuming the spent fuel pool gates have been reinstalled. This case is more
bounding than the PCD scenario.

Procedural guidance exists for several system alignments that are available to provide make-up water to
the spent fuel pool if the hypothetical loss of all cooling were to occur including:

Make-up via Condensate Transfer System. (How capacity >>50 gpm)*

Normal fuel pool filling via the demineralized water system. (flow capacity >>50 gpm)*

Using accessible fire hoses and directing a stream of water into the fuel pool. (flow capacity*

>>50 gpm) j
!
'

Service Water can be used as make-up by rotating a spectacle Hange and bypassing the fuel pool*

dimeneralizers. (How capacity >>50 gpm) ;
i
'

Another spectacle flange can be rotated to provide make-up water to the fuel pool inside the SFPCe

heat exchanger room. (flow capacity >>50 gpm) ;

'
Additional make-up water sources are also available with How capacities greater than 50 gpm.

1
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, . Question 6: !

Provide the heat exchanger effectiveness and the parameter values (e.g., flow rates and temperatures)
used to determine the effectiveness for the design cases with one and two pump operation for the normal
and standby fuel pool cooling subsystems.

Response:

The thermal effectiveness of the NFPC and SFPC heat exchangers are calculated using standard Number

of Trar.sfer Units (NTU) method. Effectiveness increases with an increase in cold side (river water) inlet
temperature. A conservative, river water inlet temperature of 45'F is assumed to establish an
effectiveness value. This effectiveness value is used in calculations of heat exchanger heat removal
capacity up to the maximum river water design temperature of 85 F.

If river water temperature were lower than the maximum design temperature of 85 F, the increase in the
differential temperature between the river water and the spent fuel pool fluid would serve to increase the
actual heat removal capability of the SFPC system.

|

|
SFPC Heat Exchanner Effectiveness |

|
The SFPC heat exchanger effectiveness was determined using the following design conditions: |

1

mg 700 gpm=

700 gpmm ., =

T ,..i. 45 F ;=

|
The SFPC heat exchanger effectiveness used to calculate the systems heat removal capacity is based upon j
a total tube-fouling factor of 0.00278. The resultant effectiveness value is "0.47". This is the J

effectiveness of one pump and cne heat exchanger. Current operating procedures do not include a one !

pump and two heat exchanger operating mode for SFPC. !
!
'

Based upon the assumption of a total tube fouling of 0.00278, the resultant capability of each SFPC heat
exchanger is 10.5x10' Btu /hr under the most adverse design condition with a river water inlet temperature

,

of 85*F.
|l

SFPC heat exchanger performance test results indicate that the actual fouling levels are considerably I
'

below the 0.00278 assumed in the analysis. The resultant tests determined a total tube fouling, including
uncertainties of "0.000724 " for heat exchanger E-19 2A and "0.000861" for E-19-2B. The minimum

6projected heat transfer capability (for the E-19-2B fouling level) is approximately 13.14x10 Btu /hr.
Based upon the test results, the actual spent fuel pool equilibrium temperature for the PCD discharge
scenario would be considerably lower than 150 F. The resultant equilibrium temperature for the FCD
would be lower than that provided in the response to question 1.

NFPC Heat Exchancer Effectiveness

The NFPC heat exchanger effectiveness is estimated using the following equation from J. P. Holman,
" Heat Transfer," Fifth Edition, McGraw-Hill Book Company,1981.

(mc,),3cc (T,ecc. - T,tice., ,,).i (T ooi.i - T,sec.,io)c =
p

i

|
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' WherEthe single train (one pump and one heat exchanger) design conditions are:
i

m me.
'

450 gpmm ,oa =

350 gpm=

TS ;, 100 F=

T &,,, 112.8 F=

T poa.i, 125*F=

T oa 115'F=
p

!

Given that:

(mc )%.. (me ),,i,=
p p

(112.8 - 100)/(125 - 100)c =

0.512 for one pump and one heat exchanger alignment=
,

1

The NFPC heat exchanger effectiveness for the one pump and two heat exchanger operating mode was
based upon calculated conditions. Since the shell side fluid flow is 225 gpm during this mode of,

; operation, the overall heat transfer coefficient (U) has to be calculated. Using a cleanliness factor of 80%,
2

| the overall U was determined to be 308 btu /h ft *F. Per Section 10.6 of, J. P. Holman," Heat Transfer," |

Fifth Edition, McGraw-Hill Book Company,1981, the effectiveness is calculated using the following
equations:

NTU = UA/c.;,,C = c.i,/c,o. = m poa poa/mse.c%,,c

mpoa 225gpm (l10,426 lb/hr)=

mS 350gpm (174,510lb/hr)=

1 btu /lb- Fcuc. =

1 btu /lb *Fcpoa =

(309 btu /h-ft' *F)(500 ft')/l10,426 lbs/hr = 1.399NTU =

(110,426 lb/hr)/(174,510 lb/hr)= 0.63C =

From Figure 10-16, J. P. Holman, " Heat Transfer," Fiflh Edition, McGraw-Hill Book Company,1981,
the effectiveness is:

0.6c =

|

|

!

-

c



r

Vr.nuosT Y.sssu: Necut.ut Powat Cmmonxinis
BVY 99107 / Page 8-

.

.

. .We try,st that the enclosed information will enable you to complete your review of Reference (a)..

If you have any questions on this transmittal, please contact Mr. Thomas B. Silko at (802) 258-4146.

Sincerely,

VERMONT NKEE CLEAR POWER CORPORATION

/?? A

ch
Vice r ident Engineering

STATE OF VERMONT )
)ss

WINDHAM COUNTY )

Then personally appeared before me, Don M. Leach, who, being duly sworn, did state that he is Vice President
Engineering of Vermont Yankee Nuclear Power Corporation, that he is duly authorized to execute and file the
foregoing document in the name and on the behalf of Vermont Yankee Nuclear Power Corporation, and that the
statements therein are true to the best of his knowledge and belief.

M
Thomas B. Silko, Notary Public
My Commission Expires 1%ruary 10,2003

.

cc: USNRC Region 1 Administrator
"

USNRC Resident Inspector- VYNPS
,

;
USNRC Project Manager- VYNPS
Vermont Department of Public Service


