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IMPORTANT NOTICE REGARDING
CONTENTS OF THIS REPORT
PLEASE READ CAREFULLY

The only undertakings of the General Electric Company (GE) respecting information in this
document are contained in the contract between the customer and GE, as identified in the
purchase order for this report and nothing contained in this document shall be consirued as
changing the contract. The use of this information by anycne other than the customer or for
any purpose oiher than that for which it is intended, is not authorized; and with respect 1o
any unauthorized use, GE makes no representation or warranty, and assumes no liability as
10 the completeness, accuracy, or usefulness of the information contained in this document
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SUMMARY

This report documents the analyses performed for LaSalle County Station (LSCS)
Units 1 and 2 to support continuous operation with either the turbine bypass system or the
recirculation pump trip feature out-of-service in the increased core flow (ICF) domain
(bounded by 105% of rated core flow),

The analyses documented herein assume & combination of one safety/relief valve
out-of-service and one other piece of equipment (turbine bypass system or recirculation
pump trip feature) inoperable. Plant operation in the ICF domain is assumed with normal
feedwater temperature. Specific cycle-independent operating Limit minimum critical power
ratio (OLMCPR) are sstablished for each equipment assumed out-of service. Generic CPR
criteria for subsequent reload licensing analyses transients verification are specified to assure
the cycle-independent characteristics of these equipment out-of-service OLMCPRs. In
addition, verification criteria are also provided for the applicability of these equipment
out-of-service OLMCPRs in the event of ICF operation coupled with final feedwater
temperature reduction (FFWTR) condition.

The analyses of the above-mentioned equipment out-of-service also showed that

there is no potential impact on other accident evaluations such as loss-ofcoolant accident
(LOCA), contaiiment dynamic loadings and thermal-hydraulic stability results.
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L. INTRODUCTION

Equipment out-of-servize analyses, including the turbine bypass system and the
tecirculation pump trip feature, have been previously performed for LSCS units 1 and 2
operating in the standard operating domain as well as in (he Extended Load Line Limit
region (Reference 1). The purpose of the present report is to extend the applicability of
some equipment out-of-service options, namely turbine bypass (TBP) system and
recirculation pump trip (RPT) feature, into the ICF domain Analyses were performed to
establish the licensing bases for continued plant operation in the ICF domain with either the
TBP or the RPT feature assumed out-of-service. For consistency with Reference 1, the
above single equipment failure (RPT and TBP) is also assumed in conjunction with the
failure of one safety/relief valve.

Bounding core-wide transient performance is performed to establish the plant
operating limits associated with each of the systems assumed out-of-service. The transient
analyses assume normal feedwater temperature in the ICF domain. However, criteria are
also specified to verify the applicability of the equipment out-of-service OLMCPR in (he
event of ICT operation with FFWTR. Other areas of concern, such as LOCA, containment
dynamic loads and thermal-hydraulic stability are not impacted and are included herein for
co:npleteness.
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2 SAFETY EVALLATIONS

The potential effect of the turbine bypass system out-of-service (TBP-OOS) is to
change the vessel pressurization response of the reactor during anticipated operational
accurrences (AOOs) which could conceivably impact the margins or safety limits for plant
operatini. The function of the recirculation pump trip (RPT) feature is to reduce the
severity of the thiermal transients on the tuel due o turbine-generator trip and load rejection
events by tripping the recirculation pump early in the event. Without the RPT mitigating
function. the fuel thermal responses during postulated AOOs would be advertely impacted

o ANTICIPATED OPERATIONAL OCCLURRENCES EVALUATION

e 11 m B}n'i‘i S)ﬂgm Qn;-gz[-ﬁg[_\_;;g

To establish ovole - independent operating imits for reactor operation with this
equipment out-of-service in the ICF domain. a bounding end-of-cycle (EOC) exposure
condition, based on the current LSCS 1 Cycle § cor 2 configuration, is used to develop nuclear
input 10 the transient aralysis model The severity of the transient results is strongly
dependent on the effective »#ss of the control . ' scram action. For this reason, the EOC
bounding exposure conditen assumes a more top-peaked axial power distribution than the
nominal power shape. thus - #lding a bounding scram response. This conservative analysis
approach is cons: ntwith 1 - previous equipment out-of -service analyses (Reference 1)

For both LSCS units, -ne AOOs currently an2lyzed for MCPR consideration as part
of the cycle-specific reload lic: ; sing scope are the load rejection with no bypass (LRNBP)
and the feedwater controller féilure (FWCF) maximum demand events (References 2 and 3).
Since the LRNBP event does not normally account for the turbine bypass system, the
re.ulting OLMCPR is therefore applicable to both turbine bypass system in-service and
out-of-service. However, the FWCF maximum demand event usually takes credit for the

T
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\urhine bypass system. as such, this event is re-analyzed with the bypass system assumed
inoperable

Based on the bounding power shape, the LRNBP and FWCF events are re-analyzed
at 100% power/105% core flow with the equipment in-service 10 serve as base cases. Normal
feedwater temperature is assumed for the analyses The FWCF event is then analyzed with
the TBP-OOS condition to determine the operating limits associated with this equipment
inoperable LSCS Unit | Cycle 8 plant operating parameters are assumed for the transient
analyses. For consistency with Reference 1. the equipment out-of-service analyses also
assumed one safety/relief valve (with the lowest opening setpaint) to he inoperable

The analyses results are presented in Table 2-1 and time histories of the key
parameters are shown in Figures 2110 i+3 Table 2:2 presents the resuliing OLMCPR for

the ana'yzed events

Based on the FWCF event with no bypass. the operating limits associated with
TEP-QOS are

1 34 (Option A) and 1 32 (Option B)

The OLMCPR result for the FWCF event with TBP-OOS is identical to the simuar
event analyzed at rated core flow condition (Reference 1) The slight increase in delta CPR
normally observed at ICF condition is not apparent in this case. The main reason for this
observation is due to the cancelling effect from the lower void coefficient used 1n the current
ICF analyses. The bounding power shape used in Reference | analyses were based on LSCS
2 Cycle 4 core which has one reload of GE? fuel while the 1CF bounding power shape is
hased on the more recent LSCS | Cycle § core which has two reloads of GE9, and therefore

shows a lower void coefficient.

For the FWCF with TBP in-service, the 0.01 increase observed between the rated
core flow (Reference 1) and the ICF condition is mostly due to the numerical round-off

process
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212 Resuculauen Pump Tup Qui-ol-Servis

The same bounding power shape approach is used for developing a
oycle-independent OLMCPR assoxiated with RPT-O0S  The LRNBP event is analyzed with
the RPT feature out-of-service This scenario does not violate the criterion of single
equipment failure since the LRNBP is normally analyzed with the TBP inoperable. as
previously stated

Based on the LRNBP without RPT event, th= operating limits associated with
RPT-O0S are

137 (C ption A ) and | 33 (Option B)

For the LRNBP events with and without EOC.RPT as shown in Table 2-2, the delta
CPR values are identical to the same events nreviously analyzed for rated core flow
conditions (Reference 1) Simila * he FWCF with TBP-OOS result, the slight increase in
delta CPR notmally observed at ICF condition is not appacent in both LRNBP c»ses. ind
again, the main reason is due 10 the cancelling effect from the lower void coefficient used in

the ICF analyses bases

For completeness, the FWCF event is also analyzed with TBP system operabie and
TPT.008. The results show *hat the transient responses are similar to the FWCF with
TBP-OOS event previously analyzed. Therefore, the LRNBP event remains the limitiig
event for RPT-OO0S consideration

213 Criteria for Cycle-Independent Limits

The above operating limits developed for both the TBP-OOS and the RPT-O0S
options in the ICF domain are valid for all future cycles at LSCS Units | and 2 loading GE
fuel through GE10 design provided that for the standard reload licensing bases at ICF
condi'ion,
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(1)  the LRNBF and turbine trip with no bypass (TTNBF) events result in
OLMCPR values less than 1.33 for Option A and 129 for Option B

(2)  the FWCF event results in an OLMCPR value of less than 1.29 for Option A
and 1.27 for Option B.

214 Criteria for ICF with FFWTR Condition

The above equipment cv:-cf service OLMCPRs were developed based on ICF
operation with normal feedwaiii winperature. This section addresses the condition when
ICF operation is coupled with redus ed feedwaier temperature (equivalent up to 100°F
feedwater temperature decrease at rated conditions)

Operation with ICF and FFWTR (ICF/FFWTR) would further increase the core
inlet subcooling and -educe the void fraction, thus yielding a higher delta CPR requirement
for the FWCF event than for the same event analyzed with ICF and normal feedwater
temperature. Since FWCF is the limiting event for the TBP-OOS, adjustment may be
needed 10 the cycle-independent OLMCPR limit, as shown in Section 2.1.1 above, if the plant
is operating at the ICF/FFWTR condition. Transient analyses at ICF with normal feedwater
temperature and ICF/FFWTR are normally performed as part of the LSCS cycle-specific
reload licensing analyses. If the cycle-specific analysis for the FWCF event with
ICF/FFWTR results in an OLMCPR value less than the values specified in Section 2.1.3
(i, 1.29 for Option A and 1.27 for Option B), no further penalty is necussary. If the
cycle-specific event yields OLMCPR values greater than those specified in Section 2.13, then
the de''» CPR tetween the two events must be added to the TBP-OOS limits specified in

Section 2.1.1.

Beside the above subcooling increase effect, cperation with ICF/FTWTR also
decreases the vessel steam flow generation rate and consequently, reduces the vessel
pressurization rate during AOOs such as TTNBP and LRNBP. Therefore, the delta CPR
requirement for these events would be less severe than for those analyzed with normal
fesdwater temperature. As such, the OLMCPR for the RPT-OOCS option based on the

24
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LRNBP event, as shown in Section 2.1.2 above, are bounding for application in the
ICF/FFWTR condition. However, there is a possibility that the limiting event for RP1-008
will change from the LRNBP 1o the FWCF event. This condition might occur if the delta
CPR referred 1o in the above paragraph is 0.02 or greater. This increase would bring the
Option B OLMCPR for FWCF event with RFT-O0S (presently set at 1.32 similar to the
FWCF with TBP-OOS) 1o i 34 or greater, and thus exceeding the * RNBP with RPT-O0§

OLMCPR value of 1.33.
22  ACCIDENTS EVALUATIONS

221  Lessof-Coolant Accident Analysis

The TBP system and the RPT feature are not assumed in the LSCS LOCA analyses.
Thercfore, these equipment failures do not have any impact on the calculated peak clad
temperature and linear heat generation rates for LSCS Unit | and 2.

222 Conusinment LOCA Louds

Likewise, since the calculated break flow rate during a postulated LOCA is not
affected Wy either the TBP-OOS or RPT-OOS, the containment dynamic loadings are also
not impacted by these equipment assumed out-of-service in the ICF domain

23 THERMAL-HYDRAULIC STABILITY EVALUATION

The failure of either the TBF system or the RPT feature has no impact on the
thermal hv4rauiic stability evaluation as previously documented in Reference 1.
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Table 2-1

TRANSIENT ANALYSIS RESULTS FOR LSCS AT 100P/165F
TURBINE BYPASS AND RECIRCULATION PUMP TRIP
OUT-OF-SERVICE

reak Peak
Peak Surfac* Steam  Peak
Power/ Neutron Heat Line Vessel
Transient Figure Flow Fiux Press Press (
QﬂﬁﬂMLngmifﬁmJLAhMﬂ_LdM&umMMLahmm*Jﬂm
LRNBP® 24 100/108  §77.7 1218 110 1180 021
FWCF© 2.2 100/108 4568 218 1134 1162 018
LRNBP 23 100/105 7042 126 6 1150 1188 0.24
"/om
{ FWCF 24 100/105  610.1 127.2 1148 1179 023
w/o TBP

% NBR = % nuclear boiler rated

LRNBP = Load rejection with bypass failure.

FWCF = Feedwater controller failure to maximum demand.
RPT = Recirculation Pump Trip

TBP = Turbine Bypass
Delta critical power ratio, uncorrected for ODYN Option A and Option B

~nsano.
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Figure 2.2  Plant Response to Feedwater Controller Failure
Turbine Byp: ss In-Service, 100P/105F
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Figure 2-3  Plant Response to Load Rejection with No Bypass

Recirculation Pump Trip Out-of-Service, .00P/105F
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Figure 24  Plant Response to Feedwater Controller Failure
Turbine Bypass Out-of-Service, 100P/105F



.

e e e
— Fr— - - L — SRR, e S P T———

GE-NE-187-62-1191
3. CONCLUSION

The safety evaluations performed for the LSCS Units 1 and 2 have demonstrated
that safe plant operation is justified with either the TBP system or the RFT feature assumed
vat-ol-service. Bounding cycle-independent operating Limits assoviated with each equipment
out-of-service were developed, along with criteria for subsequent fuel cycles verifications.
The safety evaluations aiso reviewed and confirmed that there is no impact on other accident
conditions (such as LOCA or containment dynamic loadings) as well as no impact on the
thermal-hydraulic stability consideration.

3.1
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