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IMPORTANT NOTICE REGARDING CONTENTS OF THIS REPORT

(Please Read Carefully)

This report was prepared by General Electric solely for Boston Edison
Company (BECo) for BECo's use with the U.S. Nuclear Regulatory Commission

(USNRC) for supporting BECo's operating license of the Pilgrim Nuclear Power
Station Unit 1. The information contained in this report is believed by
General Electric to be an accurate and true representation of the facts known,
obtained or provided to General Electric at the time this report was prepared.

The only undertakings of the General Electric Company respecting informa-
tion in this document are contained in the General Electric Company Increased
Core Flow Operation Proposal No. 424-TY578-HK1 Rev. 1 (CE letter No.

G-HK-3-025, dated March 4, 1983 as supplemented by GE letter No. G-HK-3-119,
dated August 17, 1983) and Boston Edison Company Purchase Order 63005A, dated

August 18, 1983. The use of this information except as defined by said con-
tract, or for any purpose other than that for which it is intended, is not

authorized; and with respect to any such unauthorized use, neither General

Electric Company nor any of the contributors to this document makes any repre-
sentation or warranty (express or implied) as to the completeness, accuracy or
usefulness of the information contained in this document or that such use of
such information may not infringe privately owned rights; nor do they assume
any responsibility for liability or damage of any kind which may result from
such use of such information.
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ABSTRACT

A safety evaluation has been performed to show that Pilgrim can reduce
feedwater temperature followed by increased core flow to operate within the
region of the operating map bounded by the line between 100% power, 100% core
flow (100,100) end 100% power, 107.5% core flow (100,107.5) for EOC6. Pilgrim,

(depletion of full-power reactivity under stand-after reaching EOC6 exps ,ure

ard f eedwater conditions) with all power rods out, can continue to operate at

rated power by using FFWTR first and then using ICF to 107.5%. The analyzed
region of the operating map is bounded by the constant recirculation pump speed
line between 100% power, 107.5% flow (100,107.5), and 80% power,112.5% flow
(80,112.5), and constant core flow line to 50% power, 112.5% flow (50,112.5),
with the last-stage feedwater heaters valved out-of-service.

The minimum critical power ratio (MCPR) operating limits will not be

changed from the values established by the Reload-5, Cycle 6 reload licensing

submittal (Y1003J01A28 Rev. 2, Feb. 1983) during the operation of reduced

feedwater temperature. However, the MCPR operating limits must be increased
f rom the values established by the Reload-5, Cycle 6 reload licensing submittal

to the appropriate values (Table 2-1) depending on the operating conditions

for increased core flow after feedwater temperature reduction.

v/vi
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1. INTRODUCTION AND SUMMARY

This report presents the results of a safety evaluation for operation of
the Pilgrim Nuclear Power Station with last stage feedwater heaters valved

out-of-service at end-of-cycle 6 (EOC6)* and for exposure beyond standard
(EOC6) followed by increased core flow (ICF) . This evaluation supports the
operation within the region of the operating map bounded by.ABCDE on the
operating map in Figure 1-1. The conditions of operation which were evaluated

those of continued 100% power operation beyond the standard EOC6 conditionswere

with a reduction of approximately 43*F in the feedwater temperature followed
by an increase of 107.5% core flow (100,107.5) and followed by a natural reac-
tivity coastdown to 80% power under conditions bounded by 112.5% core flow.

The evaluation also includes continued operation in the region of the operating
map bounded by the constant core flow line between 80% power, 112.5% core flow
(80.112.5) and 50% power, 112.5% core flow (50,112.5). The extended region of
operation with final feedwater temperature reduction (FFWTR) followed by
increased core flow (FFWTR/ICF) is bounded by ABCDE on the operating map in
Figure 1-1.

In order to evaluate operation with FFWTR followed by ICF, the limiting
abnormal operational transients reported in References 1 and 2 were reevaluated.

The loss-of-coolant accident (LOCA), fuel loading error accident, rod drop
accident, and rod withdrawal error event were analyzed in References 1 and 2
and the results are applicable for FFWTR/ICF operation.

The effect of the increased pressure differences (due to the increased
core flow) on the reactor internal components, fuel channels, and fuel bundles

was analyzed in Reference 2 and the results are applicable for FTWTR/ICF oper-

ation. The ef fect of the increased flow rate on the flow-induced vibration
response of the reactor internals was also evaluated in Reference 2 and the

results are adequate for FFWTR/ICF operation. The thermal-hydraulic stability
was reanalyzed for FFWTR/ICF operation, and the increase in the feedwater nozzle

usage factor due to the feedwater temperature reduction was reanalyzed. The

*EOC6 is defined as the core average exposure at which there is ao longer
sufficient reactivity to achieve rated thermal power with rated core flow, all
control rods withdrawn, all feedwater heaters in service and equilibrium xenon.

1-1
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impact of feedwater temperature reduction and increased core flow on the con-

tainment LOCA response was also reevaluated.

The results of the safety evaluation show that the current technical

specifications are adequate for FFWTR at EOC6 conditions. However, the

minimum critical power ratio (MCPR) limits must be increased to the appropriate
values in Table 2-1 to preclude the violation of any safety limits during

cperation of Pilgrim Unit I within the region bounded by ABCDE on the operating

map in Figure 1-1 for Cycle 6 and for exposures beyond EOC6 with the FFWTR/ICF

conditions. The MCPR operating limits given in Reference 2 and repeated in

Table 2-1 are applicable to plant operation for ICF operation which follows

FFWTR.

.

I
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| 2. SAFETY ANALYSIS

The limiting abnormal operational transients analyzed in the Reload-5,

Cycle 6 reload licensing submittal (Reference 1) and the analysis for increased
core flow followed by final feedwater temperature reduction (ICF/FFWTR)

(Reference 2) were reevaluated for FFVIR/ICF.
,

Table 2-1 shows the results of MCPR operating limits for the case of ICF/
FFWTR (Reference 2). As shown in Table 2-1, FFTWR has the effect of reducing
MCPR for both options A and B at EOC6 conditions because of improved transient
response, which is the result of improved scram effectiveness and reduced

steam flow at rated thermal power output. Therefore, the current operating
MCPR limit established in the Reload-5 licensing submittal (Reference 1) is
adequate for EOC6 with only FFWTR in operation. Analysis of ICF operation
subsequent to FFWTR indicated no appreciable change in transient input data

(and therefore transient results) relative to the reference to ICF/FFWTR
results. Therefore, the bounding reference to MCPR limits (ICF heater in)
conservatively bounds FFWTR/ICF operation.

The results of other abncrmal operational transient analysis (Reference 2),
namely overpressurization analysis, rod withdrawal error analysis, fuel loading
error analysis, rod drop accident, and loss-of-coolant accident (LOCA) analysis,
were reevaluated. The results of this evaluation show that the conclusion
derived in Reference 2 for ICF/FFWTR is applicable to the present case of
FFWTR/ICF.

2-1
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Table 2-1

MCPR OPERATING LIMITS AT ICF/FFWTR
FOR PILGRIM UNIT 1. E006 (Reference 2)

|

|

| Option A Option B
___

Transient 8x8, P8x8R 8x8 P8x8R

LR w/o BP" 1.46 1.49 1.41 1.44 I

(100% power, 100% flow,
Reference 1)

LR w/o BP 1.49 1.52 1.44 1.47
(100% power, 107.5% fl ow,
FW heater in service)

IR w/o BP 1.47 1.50 1.42 1.45
(100% power, 107.5% flow.
FW heater out-of-service)

.

" LR w/o BP = Load rejection without bypass event

.
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3. FEEDWATER N0ZZLE USAGE FATIGUE

An evaluation of the effects of the feedwater temperature reduction on

feedwater nozzle fatigue was recalculated for FFWTR and f or the planned coast-
down. The reduced feedwater temperature was calculated to be 320*F for the

100% power, 100% flow condition at EOC6, and 296*F for the worst case 70% power,
112.5% flow condition.

Pilgrim I has the General Electric final fix feedwater nozzle thermal

sleeve which was evaluated in Reference 3 and shown to have a maximum 40-yr
usage factor of no greater than 0.96 under normal operating conditions with
a feedwater temperature of 365*F.

To evaluate the additional fatigue usage that will occur due to the feed-

water temperature reduction, a new calculation was performed using the methods
documented in References 3 and 4. This analysis was for a final feedwater

temperature reduction to 320*F for 26 days followed by a coastdown to 70%
power and a feedwater temperature of 296*F over a period of 13 weeks at the
end of each cycle.

The results of this analysis show that if the refurbishment schedule

specified in Reference 3 is followed, the average additional fatigue usage due
to rapid cycling that will occur on the feedwater nozzle for 26 days at 320*F
and 13 weeks at a temperature of 296*F is 0.0209/ year (0.0103/ year for the case
of ICF/FFWTR, Reference 2) . Operation at these conditions on a continued
basis after every cycle would produce a usage factor greater than 1.0 in 25
to 26 years, assuming 13-year refurbishment intervals as determined in the
Reference 3 report. The refurbishment period of 13 years can be reduced to
12 years in order to keep the 40-yr usage factor below 1.0. Note that those

refurbishment intervals are based on the leakage flow estimates used in
Reference 3.

Although the assumptions made in this analysis make it conservative in

nature, actual refurbishment intervals should be established by actual plant
performance and monitored secondary seal leakage. Therefore, it is concluded

that if FFWTR is desired on a continuing basis, the actual seal refurbishment

3-1
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period as determined by monitored secondary seal leakage will be impacted by
1 year.

3-2
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|
| 4. THERMAL-HYDRAULIC STABILITY ANALYSIS

The channel hydrodynamic stability and the reactor core stability were

reevaluated for the last stage feedwater heaters valved out-of-service followed

by increased core flow operation. From the stability standpoint of view, both

channel and core decay ratios for the increased core flow operation would be

less severe than the standard reload analysis because the reactor core initi-

ally operates at a higher core flow. The FWTR could improve the channel

decay ratio because of the increased subcooling effect. The core decay ratio

for FFWTR alone will be slightly increased from 0.59 of standard reload analysis

to 0.66 of FWTR in the worst case. However, this increase in decay ratio is

still within the design limits of 1.0 with a comfortable margin. The overall

results indicate that the thermal-hydraulic stability is acceptable for

FWTR/ICF.

4-1/4-2
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5. CONTAINMENT ANALYSIS

The impact of feedwater temperature reduction and increased core flow

operation on the containment LOCA response was analyzed.

The results show no appreciable impact on the containment LOCA response.

The drywell pressurization rate is lower than the Mark I containment plant

unique load definition value (Reference 5), indicating no impact on pool swell

loads. The drywell peak pressure and temperature with FFWTR and ICF are

slightly higher, but they are still below the Mark I containment limits.

Therefore, the current containment LOCA response analyses results are adequate
for the extended operating conditions stated above.

5-1/5-2
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