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Jumes A. FitzPatrick Nuclear power Plant
Evaiuation of the Decay Heat Removal System
Report No. JAF-DHR-02413, Rev. 4

EXECUTIVE SUMMARY

This study report is prepared in accordance with Design Control Manual 7, “Preparation of
Technical Studies and Reports” to document design bases, supporting analyses, safety
considerations and operational limitations associated with installation of a Decay Heat Removal
(DHR) system at the J. A FitzPatrick Nuclear Power Plant

Revision no. 4 of this report is being developed in accordance with Design Control Manual 7A,
“Preparation of Technical Studies and Reports™ (JAF only).

The results of this study are:

(1 Installation and operation of the DHR will constitute a significant enhancement in decay
heat removal capability, perticularly during refueling outages.

(2) Installation and operation of the DHR will improve the ability 10 control refueling cavity
and spent fuel pool water temperature during refueling operations.

(3) Installation and operation of the system will eliminate current restrictions on fuel
movement which are tied 1o existing spent fuel pool decay heat removal capacity.

(4) There are no unreviewed safety questions associated with the DHR and revision to the
plant Technical Specifications are not required to reflect system installation and
operation. Tharefore, system design, installation, and operation can be evaluated
pursuant to 10 CFR 50.59.

(5) Instaliation and operation of the DHR will provide greater flexibility in outage planning
and has the potential to reduce refueling outage length,

() Under specified conditions, and with the appropriate administrative controls in place,
both trains of RHR can safely be removed from service and the DHR utilized 10 remove
decay heat from both the spent fuel pool and the reactor pressure vessel.

Revision no. 4 10 this report has been developed to document resolution of Plant Operating
Review Committee (PORC) and NRC questions raised dui ing initial system testing and operation
during refueling outage (RO) 12, to summarize system operating experience during RO 12 , and to
confirm DHR design and safety criteria will be met if and when the spent fuel pool storage
capacity is increased from the current limit of 2797 assemnblies to 3247 assemblies. In addition,
the results of a revised minunum temperature analyses for the spent fuel pool are incorporated via
revision no. 4. The technical changes associated with revision no. 4 1o this report are also being
incorporated, as appropriate, into revision no. 4 to Nuclear Safety Evaluation JAF-SE-96-042. In
order 1o maintain the proper grammatical tense within the body of the report, the information
provided under revision no. 4 appears as additions 10 the text, as opposed to revisions of e isting
text. Hence it is necessary to read the entire text of a report section in order to understand the
current status of the analyses which support DHR ope.ation.
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410 Decay Heat Load Calculations

RPV and SFP decay heat loads throughout the life of the plant have been calculated using
conservative methodologies and assumptions. Using the methodology of Branch Technical
Position (BTP) ASB 9-2 (Reference 9), an estimate of the end of life decay heat loads versus time
after shutdown is provided in Calculation JAF-CALC-MISC-02244 (Reference 4). These heat
loads are quite conservative based on the following assumptions used:

1) Operation at the power uprate level of 2536 MWt is assumed (versus the present
operating power level of 2436 MW1). The worst case heat input case considered
corresponds to a high-energy 24 month cycle fuel load in the RPV (or the SFP).

2) The original calculation conservatively considered an SFP capacity of 2861 bundles, or
sixty-four (64) assemblies above th: current licensed capacity of 2797 assemblies. The
full core offload is 560 bundles. The calculation was revised subsequent to RO12 to
reflect the proposed increase in SFP storage capacity to 3247 assemblies.

3) An end of life, full spent fuel pool less a full core offload capability (2861 - 560 =
2301), was assumed in the original calculation, i.e., prior to RO12. The calculation was
revised to reflect the aforementioned proposed increase in SFF storage capacity. (Note:
If the SFP and RPV were both assumed full, the SFP heat load would not significantly
increase, since the 560 empty spaces in the SFP would be filled with the oldest fuel in
inventory. Using the oldest fuel would contribute less than 15% to the SFP heat load.)

4) The energy of the fuel batches discharged to the pool is maximized. Lifetime plant
cupacity between the end of Cycle 12 and the end of life is assumed to be 90%. Fuel
cycles arv assumed to be 24 months with a 40-day refueling, and 95% capacity factor
from startup to shutcown.

The above assumptions were used to generate the decay heat versus time curve used to size the
DHR system (nominal configuration). An additional margin of 10% was not added since the
results are used to size the DHR heat removal capacity, and an additicaal 10% over sizing is
deemed not necessary because the DHR will be the sole decay heat sink only when the heat load
has decreased to within the capacity or the system (operating in the nominal configuration).
(Note: The ASB BTP specifies application of margin to the Jecay heat curve when used as input
to safety-related analyses, i.e., 10 C7'R 50.46 ECCS performance evaluations).

An additional set of calculations have been performed to estimate maximum decay heat. Those
calculations are summarized in revision | to JAF-CALC-MISC-02244. As expected, the more
conservative analytical model predicts higher heat loads for assemblies in either the RPV or the
SFP. Using those results, the estimated time during a typical outage when the DHR (nominal
configuration) was to become capable of handling the combined RPV and SFP decay heat loads
would be approximately 5.8 days, or thirty one (31) hours longer than was predicted by the
original, more realistic, design calculation. The differences between the two calculated results
have no bearing on the DHR as system operability during an outage is based on actual test results
and not on calculated decay heat loads.

19
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NRC IE Information Notice No. 96-39, "Est'mates of Decay Heat Using ANS 5.1 Decay Heat
Standard May Vary Significantly”, Reference 23, has been reviewed and found to be not
applicable to the analyses performed in support of the DHR. The Authority's review is
documented in Reference 24.

Note: Throughout this report, DHR heat removal capacity is expressed in terms ol approximate
number of days, or hours, post-shutdown. These times are based on conservative analysis of the
worst-case design heat load condition and are provided for comparative purposes only. The actual
time equivalents (as experienced in the plant) would be less than those predicted by such
calculations, as can be seen from the conservative assumptions presented above i derive the
decay heat values. The calculated values of the SFP plus RPV decay heat, versus tuu. after
shutdown, for the time periods relevant to this evaluation, are given in Table 1.

Based on Calculation TAF-CALC-MISC-02244, the DHR system is sized to provide a design
maximum heat removal capability of 45 X 10° BTU/HR when using one primary pump through
both heat exchangers and using both secondary side pumps and both pair of single-celled cooling
towers. In the design normal’‘nominal heat removal configuration, the DHR system heat removal
capability is 30 X 10° BTU/HR at system design conAitions. These capabilities far exceed the
capabilities of the existing plant systems/configurations capable of cooling both the SFP and the
RPV (with the exception of RHR SDC). Thus, installation and operation of the DHR system
represents a significant enhancement in the decay heat removal capability of the facility.

The relative decay heat removal capabilities of existing systems and the DHR are summarized in
Tabie 2 . The dctailed inputs to the respective heat removal capacity calculations are not identical,
since these capacities were generated by different analyses and use different initial conditions and
assumptions. In all cases, however, the design inputs fr the DHR sizing are the most
conservative

Figure 4, attached, presents the decay heat loads, and the heat removal capabilities available from
the DHR system the RHR SDC or RHR assist modes, and the FPC system, versus time after
shutdown.

The only plant feature capable of removing a greater amount of decay heat is RHR SDC. As can
be seen on Figure 4, installation of the DHR system does not eliminate the need for SDC
operation at the beginning of an outage.

Nuclear Safety Considerations

Maintenance of SFP Water Level Following a Postulated Breach of System Pressure
Boundary

The DHR system suction and discharge piping in the vicinity of the SFP include holes to preclude
siphoning (either gravity drainage or pump down) of the SFP in the event of a breech in DHR
primary joop pressure boundary. Those holes are functionally equivalent to the vacuum breakers
provided on the exis..ng FPCC. The elevation of the holes in the DHR sparger pipes will be such
that adequate inventory woula be maintained in: the SFP following a postulated breech of DHR
primary loop pressure boundary.
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natural circulation cooling of fus! in the RPV will be verified by observation of a decreasing trend
in SFP water temperature with RHR SD< nat in operation.

Summary of DHR Performance During RO12

From a heat removal perspective. the DHR functiontd in admirable fashion during RO12. Natura
circulation flow patterns were established quickly subsequent to removal of RHR from service and
the overali trend of SFP and RPV temperatures were as expecied. Refar to figure no. §, and the
accompanying data table, for time-tempei ature trends cbserved and measured at the start of RO12.
The automatic fan control features allowed for system operation to automatic “react” to the
decrease in decay heat load throughout the outage. Operation of the DHR resulted in decreased
SFP and reactor cavity temperatures which enhanced fuel handling operations and personnel
comfort. DHR operation did not result in any fuel handling problems due to thermal currents
from the reactor cavity into the SFP.

Throughout the outage, operational problems were cxperienced with the strainer installed in the
DHR primary loop. The sirainer was bypassed, as designed, to allow for continued system
operation. Resolution of strainer design issues is ongoing. Throughout the outage the system was
operated without the benefit of additional (permanent) shielding. While dose levels were
acceptable in the area, Flevation 326 of the RB, the need o install the permanent shieldir g was
apparent. As of this writing, installation of the permanent shielding provided for in MOD F1-95-
121 is planned to be completed prior to RO13. The contribution of the aforemen.ioned strainer
problems to observed radiation fields is not quantifiable, but clearly, resolutior of the strainer
cifficulties would be beneficial from a long-term ALARA perspective,

The calculated heat removal capability of the system (in the nominal heat removal configuration)
while adequate to fulfill decay heat management requirements, was less than expected based on
system design considerations. Specifically, wnile the system was shown to be capable of
removing 30 X 10° BTU/HR at the conditions which existed at the time of the outage,
extrapolition of those results to the design condition did not conclusively show the system capable
of meeting that design requirement. Of the multitude of parameters which effect DHR heat
removal capability, the two most critical to heat rejection capability at any given point in time,
assuming proner operation of mechanical equipment, are outside wet bulb temperature and SFP
fluid temperature. During RO12 the outside conditions were less restrictive (cooler) than the
design condition while the SFP fluid temperaiure was deliberately lower (initial temperature on
the order of 115 °F vice the design point of 125 °F). Resolution of this apparent Jiscrepancy is
ongoing at this time. It should be noted this apparzsnt discrepancy has no bearing on the safety
aspects of DHR operation, including the decision to render RHR unavailalle under specified
conditions, since DHR operability during RO12 was determined ‘v actual test at the conditions
which existed. Similar tests will be performed during subsequent out= zes when DHR operation is
intended.

System Operation and Testing
The following sections discuss, in general terms, the various possible plant conditions which

could exist when the DHR might be placed in service. Detailed operating, test, maintenance, and
surveillance procedures will be developed, as appropriate, prior to system operation.
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Pre-outage System Testing
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Effects of Elevated Water Temperature on SFP Components

4

The effects of elevated SFP water temperature were evaluated as part of the previous SFP
h

f th

expansion (rerack). The results of these evaluations are summarized in the NRC Safety

Evaluation (Reference 5) for Operating License Amendment No. 175, Those results are
unaffected by the installation of the DHR system, with one positivs exception: the determinatior
of the maximum pool water temperature given a single active faii ~¢ in the FPCC system

T'here is no directly analogous full core offload evaluation with the DHR system installed and
operating in its normal heat removal capacity (in lieu of the FPCC system), as the heatup of the

SFP is mitigated through operation of the backup DHR compenent or train. Assuming that it

takes up to two hours to

» backup, pool heatup would be a maximum of approximat

b ¢ t i)
24 'F (from an initial assumed SFP water temperature of 114 "F). Note that this maintains the
water temperature below the 140 'F guideline of Standard Review Plan Section 9.1.3, reference
21. Note too, the heat load analysis performed in support of this DHR evaluation conservatively
as that core offload is initiated 2.5 days after shutdown and completed within apnroximate!
2.5 days (whereas the previous SFP expansion analyses assumed a 4-day delay after shutdown
prior to fuel movement, and lituited the er rate of assemblies to four per hour). Hence, it is

obvious that the installation and operation of the DHR system is beneficial in limiting peak SFP
water temperatures following a postulated single active failure. Since the peak SFP water
temperature 1or the DHR case is less than the peax SFP water temperature for the FPCC case, the

|
previous equipment evaluations are bounding and need not be re-performed for this evaluation
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TABLE )
DECAY HEAT LOADS

Approximate Days After Shutdown Decay Heat, 10" BTUMR) ‘
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TABLE 2

DECAY HEAT REMOVAL CAPABILITIES

Method of Decay Heat Removal 10" BITU/MR

I1IHE
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TABLE 3
Dose Consequences Following A Postulated Loss of Decay Heat Removal

Receptor I'hyroid Whole Body Skin Dose Remarks
Location Dose Rem Rem
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POT-32C DHR System Functional Test
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Attachment Vil to JPN-97-033

NON-PROPRUETARY COPY OF LICENSING REPORT
FOR THE ADDITION OF STORAGE KACKS

PROPOSED TECHNICAL SPECIFICATION
CHANGES REGARDING DESIGN FEATURES

New York Power Authority

JAMES A. FITZPATRICK NUCLEAR POWER PLANT
Docket N 50-333
DPR-59




