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December 18, 2001 

U. S. Nuclear Regulatory Commission 
ATTN: Document Control Desk 
Washington, DC 20555-0001 

Quad Cities Nuclear Power Station, Units 1 and 2 
Facility Operating License Nos. DPR-29 and DPR-30 
NRC Docket Nos. 50-254 and 50-265 

Subject: Review of Draft Power Uprate Safety Evaluation 

References: (1) Letter from R. M. Krich (Commonwealth Edison Company) to U. S. NRC, 
"Request for License Amendment for Power Uprate Operation," dated December 
27, 2000 

(2) Letter from A. J. Mendiola (U. S. NRC) to 0. D. Kingsley (Exelon Generation 
Company, LLC), "Quad Cities Nuclear Power Station, Units 1 and 2 - Draft 
Safety Evaluation for Proposed Extended Power Uprate License Amendments," 
dated December 14, 2001 

In Reference 1, Commonwealth Edison Company, now Exelon Generation Company (EGC), 
LLC, submitted a request for changes to the operating licenses and Technical Specifications for 
Dresden Nuclear Power Station, Units 2 and 3 and Quad Cities Nuclear Power Station 
(QCNPS), Units 1 and 2 to allow operation at uprated power levels. In Reference 2, the NRC 
provided a draft safety evaluation for these proposed changes for QCNPS and requested that 
EGC provide any comments with regard to factual accuracy and identify any proprietary 
information contained in the draft safety evaluation. This information was requested to be 
provided by December 17, 2001. An electronic version of these comments was provided to Mr.  
S. N. Bailey of the NRC on December 17, 2001, as requested.  

The attachment to this letter provides a marked-up copy of the draft safety evaluation indicating 
comments. None of the information has been identified as proprietary.
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Should you have any questions related to this letter, please contact Mr. Allan R. Haeger at (630) 

657-2807.  

Respectfully, 

K. R. Jury 
Director - Licensing 
Mid-West Regional Operating Group 

Attachment: 

Marked-Up Draft Safety Evaluation for Quad Cities Nuclear Power Station 

cc: Regional Administrator - NRC Region III 
NRC Senior Resident Inspector - Quad Cities Nuclear Power Station 
Office of Nuclear Facility Safety - Illinois Department of Nuclear Safety
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1.0 OVERVIEW

1.1 Introduction
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27, 2000 (Referne1), Commonwealth Edison Company (CornEd), 
Facility OperatingLicenses DPR-29 and DPR-30 for the Quad Cities 
its 1 and 2 (QCNPS). The proposed amendments would allow an 

authorized operating power level from 2511 megawatts thermal (MWt) 
osed changes would increase the current rated thermal power (RTP) 
cent and are considered an extended power uprate (EPU). The 

er (ORTP) for QCNPS was 2511 MWt. These amendments would 
cifications (TS) appended to the operating licenses to allow plant 
hese amendments would also modify license conditions and request 
is to support the power uprate.

The original application was submitted by ComEd, the former licensee. ComEd subsequently 
transferred the licenses to Exelon Generation Company, LLC (EGC, the licensee). By letter 

dated February 7, 2001, EGC informed the Nuclear Regulatory Commission (NRC) that it 

asSUmed responsibility for all pending actions that were requested by CornEd. EGC later 

supplemented the original license amendment application by letters dated February 12, 
March 20, April 6 and 13, May 3, 18, and 29, June 5, 7, and 15, July 6 and 23, August 7, 8, 9, 

13 (two letters), 14 (two letters), 29, and 31 (two letters), September 5, 19, 25, and 27 (two 

letters), October 17, November 2 (two letters), 16, and 30, and December 10, 2001.
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The proposed amendment included changes to the reactor vessel water level - low scram and 

isolation setpoints to support the EPU. However, EGC stated that changing these setpoints 

would provide additional margin and allow operators to prevent a scram in the event of 

perturbations in feedwater flow. By letter dated February 22, 2001, EGC requested that the 

change to the reactor vessel water level - low setpoint be approved independent of EPU. The 

NRC approved the setpoint change for QCNPS by letter dated December xx, 2001;- therefore, 

the change is not discussed in this safety evaluation.

1.2 Backgqround

The QCNPS safety analysis of the p 
licensee's December 27, 2000, subr 
licensee's safety analysis report, Ge 
(LTR) NEDC-32961P (Reference 2).  
submitted August 31, 2001, change 
reflect information provided to NRC 
does not significantly affect the conc 
contained plant-specific information 
GE LTR NEDC-32424P-A (Proprieta 
Reactor (BWR) Extended EPU," Fel 
included the staff's position paper or 
referenced the analyses and evalua 
(Proprietary), "Generic Evaluation o 
February 2000 (Reference 5), know 
(a) an increase in the thermal power 
pressure vessel dome operating pre 
556 'F, and(d) a steam and feeiwa 
stated that the generic system and E 

accident analyses presented in ELT

As part of tV 
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roposed EPU was provided in Attachiments A ane t oTtne 
nittal. Attachment E of the, licensee's submittal is the 
neral Electric (GE)"Nuclear Energy licensing topical report 

Revision 2 of the Safety Analysis Report (Reference 28), 
J some proprietary. designations,.and updated the text to 
in preceding correspondence or revise information that 
.lusions of the original submittal. Th licensee's submittal 
consistent with the scope and content of the NRC-approved 
try), " . din for General Electric Boiling Water 
brua 999 known as ELTR1, which 
i ELTRI (Reference4). For some items, the licensee 
tions in thejJRC-approved GE LTR NEDC-32523P-A 
f GenerajElectric Boiling Water Reactor Extended EPU," 
n as EyfLT2. The ELTR2 generic evaluations are based on 
up to20 percent above the unit's ORTP, (b) reactor 

ssure up to1095 psia, (c) reactor system temperature up to 
ter (FVV) flow increase of about 24 percent. The licensee 

Uuipment performance and the generic transient and 
R1 and ELTR2 are applicable to the QCNPS EPU.

cess, the staff visited the GE facility in Wilmington, North 
2001, to audit the Global Nuclear Fuel (GNF) adherence to the 
iods for performing the EPU safety analyses, the representative 
NPS-specific analyses in support of the EPU. The audit findings 
issed in Section 2.6 of this safety evaluation (SE).

Approach

To!accomplish the EPU, the licensee proposed to increase the plant's operating domain by 
implementing the maximum extended load line limit analysis (MELLLA) power/flow map. The 

licensee also proposed to partially implement the average power range monitor (APRM)/rod 

block monitor (RBM) TS (ARTS) power-and flow-dependent limits. The QCNPS proposed EPU 

will not increase the operating pressure or the current licensed core flow. EPU operation will 

not increase reactor vessel dome pressure because the plant will have (after modifications to 

power generation equipment) sufficient pressure control and turbine flow capabilities to control 

the pressure at the turbine inlet. Higher steam flow will be generated through a more uniform
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(flattened) core power distribution and an increase in the corresponding FW to match the higher 
steam flow. The 'flattened' power distribution refers to an increase in the average bundle 
power, while the peak bundle power limit remains the same. The licensee also plans to revise 
the loading pattern of the core, use larger reload batch sizes, and introduce GE-14 fuel. The 
NRC approved the use of GE-14 fuel by letter dated December xx, 2001.

1.4 Staff Evaluation 

The NRC staffs review of the QCNPS EPU amendment 
regulatory guides, the Standard Review Plan (SRP, RefE 
the topics being evaluated. Additionally, the staff evalua 
conformance to the generic boiling-water reactor (BWR) 
ELTR2. ELTR1 and ELTR2 have previously been acc, 
for EPU applications (References 4 and 6). The staff alý 
for the Monticello Nuclear Generating Plant EPU as a gt 
licensee's application requested EPU for both QCNPS a 
Units 2 and 3 (DNPS), the sister site of QCNPS, using a 
applicable. The staff reviewed the DNPS and QONPS E

Table 1-3 of the QCNPS safety an 
system (NSSS) computer codes u 
applicable codes have been reviev 
which is not a safety analysis code 
code for application to emergency 
(LOCA) analyses. The licensee st 
SCAT code, with the added capab 
new critical power correlation). Th 
is currently under staff review for L 
TASC.) Based on the status of th 
have an insignificant effect on the 
we believe that the analysis reSult•

guest us 
ice 7), ý

tme

I muJmL 
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U'u-' sUDMiual Tor 
igram as defined in ELTR1 and 
RC as acceptable guidelines 
he 1998 safety evaluation (SE) 
cope and depth of review. The 
len Nuclear Power Station, 
iq unit"aproach, where

in p.

alysis report (Reference 2) lists the nuclear steam supply 
sed in•the EPU evaluations. The table indicates that all the 
ved and approved by the NRC, except for the BILBO code, 

,and the Technical Activity Steering Committee (TASC) 
corde coolfig system (ECCS) loss-of-coolant accident 
3ted tha•jTASC is an improved version of the NRC-approved 
ility to moideladvanced fuel features (partial length rods and 
e code has been accepted for transient analyses and TASC 
•OCA analysis. (The staff is currently completing its review of 
e review, we believe that the use of the TASC code would 
consequence of the relevant accident analyses. Therefore, 
s on which it is based are valid.

The QCNPS EPU transition reload cores contain the existing Siemens Power Corporation 
ATRIUM-9B (9x9) fuel coresident with fresh GNF GE-14 (10x10) fuel, while the equilibrium EPU 
core will consist exclusively of GE-14 fuel. The EPU safety analyses and the cycle-specific 
reload analyses were performed in accordance with NRC-approved GE analytical 
methodologies described in the latest version of NEDE-24011 -P-A-14-1--US, "General Electric 
Standard Application for Reactor Fuel (GESTAR II)" (Reference 35). The LTRs specifying the 
codes and methodologies used for performing the safety analyses are listed in Section 5 of the 
(CNPS TS. The limiting anticipated operational occurrences (AOO) and accident analyses are 
reanalyzed or confirmed to be valid for every reload and the non limiting safety analyses of 
record are documented in Chapter 15 of the QCNPS updated final safety analysis report 
(UFSAR). Limiting transient or accident analyses are generally defined as analyses of events 
that could potentially affect the core operating and safety limits that ensure the safe operation of 
the plant.
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Detailed discussions of individual review topics follow. Since the licensee's submittal and safety 
analysis report (SAR) follow the format of the previously reviewed generic ELTRs, the 
evaluations below generally follow the same format and section numbering scheme.

2.0 REACTOR CORE AND FUEL PERFORMANCE

The core thermal-hydraulic design and fuel performance characterisl 
fuel cycle. The following sections address the effect of the EPU on f 
thermal limits, power/flow map, and reactor stability.  

2.1 Fuel Desian and Operation

Fuel bundles are designed to ensure that (a) the fuel b 
steady-state operation and AOOs, (b) any damage to t 
as to prevent control rod insertion when required, (c) ti 
accidents is not underestimated during accidents, and 
maintained. For each fuel vendor, use of NRC-approv 
analysis methodologies assures that the fuel bundles 
with the objectives of Sections 4.2 and 4.3 of the SRP 
design criteria (GDC) of 10 CFR Part 50, Appendix A.  
mechanical, thermal-hydraulic, neutronic, and material 
design can meet the fuel design limits during steady st

The licensee's SAR (Reference 
power density proportionally to, 
within the power density of exis 
affect the operating flexibility an 
redesigning the core loading pa 
fuel desians (GE-14).

The Ii 
at the 
enrich 
reloa( 
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cens 
pro[
rment and burnal 
(;ore design will 

Jual fuel bundles 
to analyze the coi
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rform in 
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rof fuel rod failures during 
iolability of the core is always 

gsig eptance criteria and 
a manner that is consistent 

-e 7)and the applicable general 
vendors perform thermal
to ensure that the fuel system 
or accident conditions.

states that the requested EPU would increase the average 
power •ncrease, but the increased power density would be 
GE-suppled BWRs. The increased operating power would 

ie reactivty characteristics. The EPU is achieved by 

n, by using larger reload batch sizes, and by introducing new

ilysis report states that, for operation at the currently licensed power or 
fuel and core design limits will continue to be met by varying the fuel 
poisons, supplemented by control rod pattern management. The 
tten the radial power distribution while limiting the absolute power in 
currently allowable values. NRC-approved core design methods are 
performance at the proposed EPU operation.

The EPy fuel cycle calculations were performed using a representative "bounding unit" 
equilibrium GE-I4 core design to demonstrate the feasibility of operation at the higher thermal 
power and with the MELLLA rod line while maintaining the fuel design limits. Limits on the fuel 
rod linear heat generation rates (LHGRs) ensure compliance with the fuel mechanical design 

bases. The thermal-hydraulic design and the operating limits (OLs) ensure an acceptably low 
probability of boiling-transition-induced fuel cladding failure in the core in the event of an AOO.  
The fuel cycle design calculations demonstrated that these fuel design limits would be 

maintained and the subsequent reload core designs at the EPU power level will take into 
account these limits to ensure acceptable differences between the licensing limits and their
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corresponding operating values. The currently approved fuel design burnup limits will not be 
exceeded. This is acceptable to the staff.  

2.2 Thermal Limits Assessment

GDC 10 of 10 CFR Part 50, Appendix A, requires that the reactor core and the 
control and instrumentation systems be designed with appropriate marginto er 
specified acceptable fuel design limits (SAFDLs) are not exceeded during norrr 
including ACOs. OlLs are established to assure that regulatory and/or safetyiir 
exceeded for a range of postulated events (transients and accidents).  

The effects of the higher MELLLA rod line and power on the thermal limits are 
following sections. Thermal limits management with ARTS power-and flow-del 
discussed in Section 9.2 of the licensee's SAR.  

2.2.1 Minimum Critical Power Ratio (MCPR) Operating Limit 

The safety limit minimum critical power ratio ensures that 99.9 perc 
rods are protected from boiling transition durin steady-state operation.' The o 

minimum critical power ratio (OLMCPR) assres that the SLMGPR will not be 
result of an AOO.

isure that the 
ial operation, 
-nits are not

d !d in the 
limits is

ent of the fuel 
perating limit 
•xceeded as

Table 9-1 of the licensee's SAR 
and for the representative equili 
MWt. Table 9-2 presents the El 
which is slightly lower than the \.  
SLMCPR is established or confi 
operating conditions.

The licensee 
on the GE-14 
limiting transi 
significantly f,rom the r

During a previous E 
database used for t 
GE-I4 (1 OxI 0) fuel 
resolution of the a.

Dvides pla 
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ie for the 
ed every r

parameters used for the current rated power, 
)re at the QCNPS EPU power level of 2957 
alyses results based on the calculated SLMCPR, 
MCPR for the pre-EPU cycle. Note that the 
)ad, based on the actual core configuration and

iting transients for operation at the EPU operating domain, based 
.Table 9-2 of the licensee's SAR provides the OLMCPR for the 

ee stated that the required OLMCPR is not expected to change 
hown in Table 3-1 of ELTR1 and Figure 5-3 of ELTR2.

"PU audit conducted in March 2001, the staff reviewed the experimental 
he development of the GEXL14 critical power ratio (CPR) correlation for the 

lattice design. The QCNPS EPU reload cores introduce GE-14 fuel and the 
dit findings ensures the CPR correlations used to determine the MCPR are 
and experimentally benchmarked.

The staffs findings and the GNF corrective actions to resolve the findings are summarized in 

Section 2.6 and Attachment 1 of this SE. The ARTS power-and flow-dependent MCPR limits 
are discussed in Section 9.2.  

2.2.2 Maximum Average Planar Linear Heat-Generation Rate (MAPLHGR) and Maximum 
LHGR Operating Limits
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The MAPLHGR OL is based on the most limiting LOCA and ensures compliance with the ECCS 

acceptance criteria in 10 CFR 50.46. For every new fuel type, the fuel vendors perform LOCA 

analyses to confirm compliance with the LOCA acceptance criteria, and for every reload 

licensees confirm that the MAPLHGR OL for each reload fuel bundle design remains 

applicable.

As discussed in Section 4.3 of this SE, the licensee performed the L( 
the representative GE-14 equilibrium core and operation at the EPUI 
stated that the LOCA analysis shows no change in the MAPLHGR or 
normal two recirculation loop operation (TLO) and for single recircula 

The LOCA analyses are required to account for the increased therm.ý 
revised the MAPLHGR multipliers to account for SLO in the higher M 

licensee stated that the LHGR limits are fuel dependent and apply re' 

level, but added that changes to the GNF advanced core methods wi 

the LHGR limits to be monitored independently. The licensee stated 
and maximum LHGRs will be maintained for each GNF fuel type. AF 
dependent LHGR limits are discussed in Section 9.2.

The licensee evaluated the plant's 
power level based on the represer 
transition reload cycle-specific ann 
transition cycle reload analysis will 
cycle-specific core design. The fla 
operating at or near the boiling tral 
SLMCPR. However, any SLMGPF 
would submit an amendment requ 
reviewed the GE-14 CPR correlati 
correlation for GE-14 fuel and who 
licensee will specify the other then 
required in Seon 5ofte TS. A 
limits. The staff concludes that th 
MELLLAýEPU operation on the fu

ýtion based on 
. The licensee 
limits for 
eration (SLO).

lIpOWef. IU 

ELLLA region. The 
gardless of the power 
II allow the MAPLHGR and 
that separate MAPLHGR 
•TS oower-and flow-

response to operation at the higher MELLLA rod line and 
itative bonding equilibrium GE-14 core. Although the initial 
lysis will not be based on the final EPU conditions, the final 

he based on the MELLLAI EPU operating conditions and 
tter radial power distribUtion will result in more fuel bundles 
nsition and this could result in a slight increase in the 
R change would constitute a TS change and the licensee 
est for NRC review. As stated above, the audit team 
on database, which was used to develop the GEXL14 CPR 
se accuracy affects the TS SLMCPR calculations. The 

mal limits in the cycle-specific core OL report (COLR), as 

Iso, the licensee cannot exceed the NRC-approved burnup 
e licensee has appropriately considered the effects of the 
l design performance, and that the thermal limits are

2.3 Reactivity C

The licensee stated that for a given core design, operation at higher power could reduce the hot 

excess reactivity, typically by about 0.2 to 0.3 percent delta K for each 5 percent power 

increase. The loss of reactivity is not expected to affect the ability to manage the power 

distribution needed to meet the target power through the cycle. The lower hot excess reactivity 

can result in an earlier all-rod-out condition during the operating cycle, however, through reload 

fuel cycle-specific core analyses, the core can be designed with sufficient excess reactivity to 

maintain the fuel cycle length. Changes to the hot excess reactivity can also affect the cold to 

hot reactivity difference. The licensee stated that the cycle-specific reload core analysis will 

ensure that the minimum shutdown margin requirements are met for each core design, and that 

the current design and TS cold shutdown margin will be met. Since the licensee will continue to
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confirm that the TS cold shutdown requirements will be met for each reload core operation, the 
staff finds this acceptable.  

2.3.1 Power/Flow Operating Map

To achieve the 17.8-percent increase above the CRP, the licensee pr 
MELLLA rod line. The EPU operating domain will be defined by (a) t 
boundary line extended up to the EPU rated thermal power, (b) the rn 
corresponding to 117.8 percent of the CRP, and (c) the existing 100
continued up to the EPU power. The previously analyzed core flow 
that the RTP will correspond to the EPU power level and the maximuT 
increased. The proposed EPU operating domain power/flow map is s 
submittal.

The MELLLA upper boundary line replaces the curr 
upper boundary for single recirculation loop operatii 
power state point for the SLO corresponding to the 
pump speed of 102.5 percent would be 70.2 percer 
associated SLO core flow would then be 55.1 perc 
hour (Mlbm/hr)). The licensee would perform the E 
MELLLA statepoint for SLO. The licensee stated tf 
would also require rescaling of the associated prote

operate at the 
-A upper 
-PU power level 
ore flow line

mi core 
hown ir the

"ent extended load limit line analysis (ELLLA) 
n. The licensee stated that the maximum 

MELLLA upper boundary and recirculation 
itof the EPU RTPF 276 MWt). The 
nt core flow (54 million pound mass per 
PUSLO safety analysis based on the 
iat EPUoperation at the higher rod line 
ýction systen setpoints.

2.4 Stability

QCNPS is cu 
actions (ICAs 
hardware che 
discussed in I 
Licensing Ba,,

If the 
restri( 
map.  
defin(

ently oper 
and is it 

be, but hý

gy ý

Itplant operation 
The procedures 
d restricted regic 
nt scenarios. IC 
ow for EPU. Thi 
rated Dower.

.r the requirements of reactor stability interim corrective 
s of implementing long-term stability solution (LTS) Option Ill 
armed the system. The LTS solutions for BWRs are 
I NEDO-32465-A, "BWR Owners Group Stability Solutions 
Reload Application" (Reference 37).

s rot operable, the ICA procedures (Reference 38) are initiated to 
n the high power, low core flow region of the BWR power/flow operating 
ontain specific operator actions in response to reactor operation in the 
is. This generic interim solution is approved to cover all operations and 
\ stability boundaries remain the same in terms of absolute power and 
power levels, reported as a percentage of rated power, are rescaled to

However, this does not prevent the utility from validating the ICA region boundries using the 
ODYSY code. The staff's review and acceptance of the ODYSY stability application LTR 
(NEDC-32992P) are documented in an April 20, 2001, safety evaluation report (SER) 
(Reference 45). The decay ratio adder of 0.15 will not be applied as this represents stability 
validation similar to the Enhanced Option I-A.
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The above was reviewed at an audit at GNF San Jose from December 3 thru 7, 2001, and was 

found to be satisfactory for ICA implementation.

Maintaining adequate SLMCPR protection is assured by using the OPRM scram available in 

Option Ill. The application of the so-called DIVOM curve was audited in the June 2001 visit.  

The DIVOM stands for Delta CPR over initial minimum critical power ratio (IMP.R) versus 

oscillation magnitude (OM). The DIVOM curves are normalized curves of CPR performance 

versus hot bundle oscillation. GNF has generated generic curves for core-wide and regional 

mode oscillations. The two curves are intended to be used in the stability licensing 

methodology during the reload analysis. During a prior EPU audit, tbi staff reviewed interna 

General Electric Nuclear Energy (GENE) documentation questioning the appicQability of the 

generic DIVOM curves for EPU operation using GE-14 fuel.

The June audit of DNPS covered the pre-EPU and EPL 
design record files (DRFs) for the EPU equilibrium core 
stability calculations. The staff review further questione 
the regional mode oscillation in NEDO-32465-A (Referc 
EPU/MELLLA operation. The licensee stated that Opti( 
use of the generic DIVOM curve for the EPA operating 
Section 2.6 of this SE. ., 7.

On June 29, 2001, GENE subm 
DIVOM curve. GENE reported 
DIVOM curve may be nonconse 
systems. For the Option IIl sta 
MCPR safety limit protection fro 
Part 21 report stated that there 
regional mode DIVOM Curve an 
mode DIVOM curve. GENEIpr 
which licensee.scould use to de 
their units. The licensee states 
issue is resolved. This isacep

wneineri 
ce 37)car 

Ill will nol 
•nit~ion is

The staff reviewed the 
frst transition reload cycle 
)e generic DIVOM curves for 
beme for the 

be used until resolution of 
res•6lved, as discussed in

itted•a 10 CF R Part 21 notification regarding the use of the 
that stability reload licensing calculations using the generic 

~rvative for plants using the stability detect and suppress trip 
bility solutio, the trip sy•stem setpoints, which ensure adequate 
m regional mode instability may be nonconservative. This 

is a deficieny for high peak bundle power-to-flow ratios for the 
d for high core-averaged power-to-flow ratios for the core wide 
,vided a figure of merit for the generic regional DIVOM curve, 
termine the applicability of the existing generic DIVOM curve for 
that •ption III will not be armed (operational) until the Part 21 
table to the staff.

2.5 Reactivity C

Control Rod E System

The control rod drive (CRD) system controls gross changes in core reactivity by positioning 

neuron-absorbing control rods within the reactor. The CRD system is also required to scram 

the reactor by rapidly inserting withdrawn rods into the core. The scram, rod insertion, and 

withdrawal functions of the CRD system depend on the operating reactor pressure and the 

difference between the CRD system hydraulic control unit (HCU) pressure and the reactor 

vessel bottom head pressure.

The licensee stated that since there is no increase in the reactor operating pressure, the CRD 

scram performance and compliance with the current TS scram requirements are not affected by
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the operation at the EPU power level. The CRD system was generically evaluated in 
Section 5.6.3 and J.2.3.3 of ELTR1 and Section 4.4 of Supplement 1 to ELTR2. The licensee 
stated that since the generic evaluation concluded that the CRD systems for BWR/2-6 designs 
are acceptable for EPU as high as 20 percent above the original rated power, no additional 
plant-specific calculations are required beyond confirmatory evaluation. The licensee 
performed confirmatory evaluations of the performance of the CRD system at the EPU 
conditions based on a reactor dome pressure of 1005 psig with an addtional 35 psid added to 
account for the static head of water in the vessel.

The licensee stated that for CRD insertion and withdrawal, the reqi 
between the HCU and the vessel bottom head is 250 psid. The lic 
pump capability and determined that the CRD pumps have suffile 
required pressure difference for operation at the EPU conditions. " 
the required CRD cooling and drive flows for EPU operation and st 
drive flows are assured by the automatic operation of the ORD sys 
would compensate for any changes in the reactor pressure. The Ii 
operation of the QCNPS CRD system is consistent with the geieri 
ELTR2, and that the CRD system is, therefore, capable of perform 
rapid rod insertion (scram) and rod positioning (insertion/w.thdrawE

During scrams at low reactor press 
However, at higher power, such as 
be sufficient due to the system los 
pressure to assist the scram for hii 
that might occur as a result of EPI 
effect on the scram function of the 
scram time for individual control ro 
CRD insert, withdraw, cooling, and 
will remain acceotable at the EPU

ire
erisee evaiuaiea ine ~.
nt capacity to provide the 
rhe licensee also evaluated 
ated that the cooling and 
tem flow control valve, which 
ceasee determined that the 

evaluations in ELTR1 and 
inc its desian functions of

sure, te accumulator providesthe pressure for the scram.  
during isolation events, the accumulator pressure may not 

ses. The CRD system is designed to use the reactor 
gh reactor pressure scrams. Therefore, the higher pressures 

operations during isolation events will not have a significant 
CRD system. In addition, scram time testing verifies the 

*ds. The licensee has also evaluated the performance of the 
Idrive functions. The staff concludes that the CRD system 
condition.

2.6 EPU

During the weeks o 
Branch (SRXB) staf 
North Carolina. Th 
safety analyses an( 
licensing submittals 
EPU, and the June

f Mrarch 26 and June 16, 2001, members of the NRC Reactor Systems 
ff visited the GNF engineering and manufacturing facility at Wilmington, 
e purpose of these visits was to perform onsite audit reviews of selected 

system and component performance evaluations used to support EPU 
The March audit focused on the Duane Arnold Energy Center (DAEC) 

audit was related to the EPU submittal for QCNPS and DNPS. The areas 
udits are related to the following sections of the licensee's SAR:

2 Reactor Core and Fuel Performance

2.1 Fuel Design and Operation 
2.2 Thermal Limits Assessment 
2.3 Reactivity Characteristics 
2.4 Stability
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9 Reactor Safety Performance Evaluations 

9.1 Reactor Transients 
9.3 Desiqn Basis Accidents 
9.4 Special Events 

Attachment 1 is the staff's audit report.  

The SRXB staff audit, conducted during the week of June•16, 2001, covered the areas of the 

licensee's SAR being reviewed by SRXB. As stated in Attachment 1, most questions were 

resolved during the audit, and the rest were resolved by requests for additional information 
(RAIs) and the licensee responses. With the exception of the GEXL14 correlation reevaluation 
and the ATWS questions in the Attachment, all open items were resolved.  

In response to the staff concerns, the GEXL14 correlation was r• evaluated and submitted to 

the staff for review (Reference 58). Any changes, that might affe theTS SLMCPR would also 

have to be separately submitted for staff reviewand approval. Based onlthe audit and the 

licensee's response to the RAls, the staff finds that all iSSUes have been satisfactorily resolved 

(see Attachment 1)December 14, 2001. A < 

3.0 REACTOR COOLANT SYSTEM (RCS) AND CONNECTED SYSTEMS 

The staffs review of the reactor coolant system and connected systems focused on the effects 
of the power uprate on the structural and pressure boundary integrity of the piping systems and 
component, their suppo reactor vesse and.in•ternal components, including the control 

rod drive mechanisms ,GRDMs), certain puI s and valves, and balance-of-plant (BOP) piping 
systems.  

The GE generic guidelines for BWR power uprate were based on a 24-percent higher steam 

flow, an operating temperature increase to 556 OF, and an operating pressure increase to 

1080 psig. For QCNPStheEPU does not change the normal operating reactor vessel dome 

pressure (remains at 1005 psig) or temperature (remains at 547 OF). The steam flow rate will 

increase from 9.76 xl 0" Ibm/hr to 11.71 xl 06 Ibm/hr (an increase of approximately 20 percent) for 

QCN PS. The maximum core flow rate remains unchanged for the proposed power uprate 

conditions at QCNPS.  

i•.1 Nuclear System Pressure Relief 

The safety and relief valves (S&RVs) provide overpressure protection for the NSSS, preventing 
failure of the nuclear system pressure boundary and uncontrolled release of fission products.  
Each unit has eight spring-actuated safety valves (SSVs) (unpiped) which discharge directly 
into the drywell, rather than the suppression pool. Each unit also has four relief valves (RVs), 

and a single dual function safety/relief valve (SRV), which are piped to the suppression pool.  
These S&RVs, together with the reactor scram function, provide the overpressure protection.  
The S&RV setpoints are established to provide the overpressure protection function while
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ensuring that there are adequate pressure differences (simmer margin) between the reactor 

operating pressure and the S&RV actuation setpoints. The S&RV setpoints are also selected to 

be high enough to prevent unnecessary S&RV actuations during normal plant maneuvers.

The licensee evaluated the capabilities of the S&RVs to provide overpressure pr 

on the current setpoints and tolerances for operation at the EPU power level an 
that the pressure relief system has the capability to provide sufficient overpress 
The analytical limits (ALs), using the upper tolerance limits of the valv s tp 

Table 5-1. The licensee also stated that the EPU evaluation is consistent with t 

evaluations and discussions in Section 5.6.8 of ELTRi and Section 4.6of ELTR 

operation, the licensee will not change the SSV, RV, and SRV setpoints, becauE 

reactor dome operating pressure will not change.  

Table 5-1 of the licensee's SAR lists the ALs of the SRV, SSVs, and RVs, using 

tolerance. QCNPS has 13 safety and RVs, with 1 SRV set to 1135 psig, 2 SSV• 

at 1240 psig, 2 SSVs set at 1250 psig, and 4 SSVs set at 1260 psig. Two RVs 

actuate at 1101 psig, and two are set at 1124 psig.  

Since the licensee performed limiting AmericanSociety of Mechanical Engineer.  
overpressure analyses (discussed in Section 3.2) haed on 102 percent of the E 

level, and the current SRV, SSV, and RV setpoints and upper tolerance limits w 

the staff accepts the licensee's assessment that the S&RVs will have sufficient 

handle the increased steam flow associated operation at the EPU power level.  

overpressure situation is evaluated during e.ach cycle-specific reload analysis. 

capability of the S&RVs to ensure ASME overpressure protection will be confirrr 

subsequent reload analyses.  

3.2 Reactor Overpressure Protection Analysis

otection based 
J determined 
ire protection.  
;, are shown in 
ie generic 
2.. For EPU

the ± 1-percent 
s set to actuate 
are set to

s (ASME) 
EPU power 
ill not change, 
capacity to 
The ASME 
Fherefore, the 
ied in the all

The design pressure of the reactor vesel and the reactor coolant pressure boundary (RCPB) 

remains at 1250 psig The ASME Code.-allowable peak pressure for the reactor vessel and the 

RCPB is 1375 psig (110 percent of the design pressure of 1250 psig), which is the acceptance 

limit for pressurization events. The most limiting pressurization transient is analyzed on a cycle

specific basis and this approach would be applicable for each EPU reload cycle.  

Section 5.5.1.4 and Appendix E of ELTR1 evaluated the ASME overpressure analysis in 

support of a 20-percent power increase, stating that the limiting pressurization transients events 

are the main steam isolation valve (MSIV) closure with failure of the valve position scram and 

turbine trip with bypass failure (TTNBP). The licensee analyzed both events based on an initial 

domepressureof 1005 psig with one SRV out of service (0OS), 102 percent of the EPU rated 

thermal ower, 108 percent core flow, and a representative GE-14 equilibrium core. The 

licensee determined that MSIV closure with valve position scram failure was the most limiting 

pressurization transient, relative to the TTNBP calculation. The MSIV closure event resulted in 

a maximum reactor dome pressure of 1336 psig, which corresponds to a vessel bottom head 

pressure of 1358 psig. Therefore, the peak calculated dome pressure (1336 psig) remains 

below the TS 1345 psig safety limit and the peak reactor vessel pressure (1358 psig) remains 

within the ASME limit of 1375 psig. The licensee concluded that there is no decrease in safety
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margin and the EPU overpressure protection analysis (given in Figures 3-1 and 3-2 of 
Reference 2) is consistent with the generic analysis in Section 3.8 of ELTR2.

The maximum calculated pressure in the current ASME overpressure transient analysis meets 
both the ASME and the TS pressure limits. Therefore, the staff concludes that the licensee has 

demonstrated an acceptable plant response to overpressure conditionsfor EPU operation.

3.3 Reactor Pressure Vessel (RPV) and Internals

The staff had previously reviewed and accepted the QC 
Subsequently, the staff has identified technical issues w 
fluence values used in the P-T limits evaluation. The or 
early dosimetry and associated analysis which does not 
Guide (RG) 1.190. New fluence estimates calculated fd 
methodology of GE topical report NEDC-32983P, "Gene 
Pressure Vessel Fast Neutron Flux Evaluations," which 
The staff has determined that technical issues must be 
values for a full 32 effective full-power years (EFPYs).  
proposed that NRC approve the P-T limits for a shorter, 
by Reference 14, the licensee requested interim approv 
2004, for Unit 1 and until March 10, 2004, for Unit 2. T[ 
cycle of EPU operation.

The licensee estimates the pec 
n/cm 2 for 32 EFPYs of operatk 
EFPY was 5e.1X 017 n/cm2 (With 

expected by the staff, and it is 
lower fluence value because: 
comparable power levels, (2)•tl 
water reactor plants, and (3) th 
practice in the future).

3S pres 
the me 

nal flue

resolve

defi

(P-T) linSt 

td
nce estimate was based on 
e guidance of Regulatory 
amendment use the fluence 

c Methodology for Reactor 
y under review by the staff.  
o justify applying the fluence 
rim solution, the licensee 
eenible period. Specifically, 
)-T curves until November 30, 
)onds to approximately one

iside sur[ace vessel fluence value for QCNPS to be 4.5 xl017 
including the power uprate). The original estimate for 32 
the powe uprate). The new estimate appears lower than 
lower than jhe original estimate. The licensee justified the 

ýheQCNPS vessel has a larger diameter than BWRs with 
ower density is lower than in comparable power pressurized
ensee practiced low-leakage loadings (and will continue the

Based on the licensee analysis and the staffs review of previously supplied fluence 
information, the staff finds the licensee's proposed justification acceptable because (1) the 
larger diameter increases the neutron flux attenuation, (2) the lower power density will decrease 
the neutron leakage, and (3) the core loading scheme will further decrease neutron leakage.  

The recalculation of the peak 32 EFPY fluence indicates that the existing value which was used 

for the calculation of the P-T curves is conservative. The staff finds that the justification for low 

absolute peak inside vessel value is reasonable. The justification is based on known physical 
parameters and provides adequate assurance of safety for the proposed time limit (e.g, one 

cycle of EPU operation). However, new fluence predictions using staff-accepted methodologies 
are required to justify continued operation beyond the proposed time limit, as discussed below.

3.3.1 Reactor Vessel Fracture Toughness
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In Sections 3.3.1 and 3.5 of Reference 2, the licensee assessed the effects of the EPU on the 
RPV and RCPB piping of each unit. With regard to the RPV, the licensee provided an 
assessment of the impact of the EPU on the RPV wall fluence, the need to revise the P-T limit 
curves, and the validity of previously approved upper-shelf energy (USE) equivalent margin 
analyses. The licensee stated that for EPU, the 32 EFPY shift in nil-ductility reference 
temperature (RTNDT) resulting from neutron irradiation decreases (see Section 3.3 of this SE) 
and consequently there is no change required in the adjusted referenc temperature. EPU 
does not affect the existing surveillance program schedule.  

For analyzing the RPV, the licensee examined the EPU s effect on the RPVbeltline fluence.  
The analyses addressed the expected RPV material ernhirittlement since itls direc.ly related to 
the RPV neutron fluence, which is in turn related to the reactor operating power, The licensee 
stated that the estimated fluence for the EPU decreases.from the (UFSAR) end-oflicense value 
because the pre-EPU fluence is based on conservative dosimetry values and the pre-EPU 
fluence bounds the fluence calculated for the EPU evaluations. This lower fluence was used to 
evaluate the RPV against the requirements of 10 CFR Part 50, Appendix G. The results of the 
licensee's evaluation indicate that: 

The (USE) remains bounded by the equivalent margin analysis for the design life of the 

vessel and maintains the margin requirements of 10 CFR Part 50, Appendix G.  

The P-T curves in the current TSs remain bounding for EPU operation up to 32 EFPYs.  

For EPU, the 32 EFPY shift in RTN,,Tresulting from neutron irradiation decreases and 
consequently requires no change in the adjusted reference temperature (ART), which is 
the initial RTNDT plus the shift and aagin terim.  

The maximum RV dome operating pressure for EPU operation is the same as that for 
curt-ant operation. Therefore, the current hydrostatic and leakage test pressures are 

acpale for the EPU.  
acceptabi". I.  

The licensee concluded that the vessel remains in compliance with the regulatory requirements 
during EPU conditions.  

The:staff concludes that many of the existing RPV-related evaluations and analyses remain 
valid and applicable for the EPU, under the conditions described below. The basis for this 
conclusion is that (1) the current design assessments show significant design margins in 
reactor integrity analyses which are not affected by the proposed power uprate, (2) the loading 
conditions are either unchanged or are bounded by the analyzed loading conditions, and (3) the 
licensee predicts no increase in end-of-life fluence. The staff concludes that the USE remains 
bounded by the equivalent margin analysis for the design life of the vessel and maintains the 
margin requirements of 10 CFR Part 50, Appendix G. The staff also concludes that, since the 
maximum dome operating pressure for EPU is the same as for current operation, the current 
hydrostatic and leakage test pressures are acceptable for the EPU.
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However, as mentioned in Section 3.3 of this SE, the NRC staff has technical issues with the 

methodology used to derive the fluence values. These values form the basis for evaluating 

reactor vessel integrity and fracture toughness, including P-T limits. The licensee commits to 

revise the fluence predictions using an acceptable methodology before the end of the first cycle 

of EPU operation on each unit or to provide justification for continued use of the existing fluence 

estimate. The staff evaluated the RV integrity and fracture toughness for EPU conditions based 

on the fluence provided by the licensee, 4.5x1017 n/cm 2. If the fluence is projected to increase, 

the licensee must reevaluate the P-T limits and the RV integrity issuLes before the vessel 

fluence is predicted to exceed 4.5x1 017 n/cm 2. " ' 

3.3.2 Reactor Vessel Integrity

The licensee evaluated effects of the QCNPS power upi 
components. The loads considered in the evaluation irn 
difference (RIPD), LOCA, flow loads, acoustic loads, thE 
weight loads. The licensee indicated that the load comb 
conditions were considered consistent with the current c 
the licensee compared the proposed power uprate cond 
against those used in the design basis. For cases wher 
bounded by the design basis analyses, no further evalu 
uprate conditions were not bounded by the design basis 
scaling up the existing design basis stresses proportion 
conditions. The resulting stresses are shown to be less 
consistent with the design basis. .ased on the licensee 
methodology used by the licensee is consi ntwith the 
Appendix I of ELTR1 (Reference 3), and isthrefore aco

rate on the reactor vessel and internal 
clude reactor internal pressure 
rmai loads, seismic loads, and dead 

inations fo normal, upset, and faulted 
;esign basis a.lysis. In the evaluation, 
litions (pressure.••emperature, and flow) 
e the power uprate conditions are 
ation was erformed. If the power 
, new stresses were determined by 
ate to the proposed power uprate 
than the applicable allowable values, 

•s evaluation, the staff finds that the 
NRC-approved methodology in 

ceptable.

gUe usage factors (CUFs) for the reactor vessel components 

n accordance with the ASME Boiler and Pressure Vessel Code 
which is the code of record at QCNPS. The assessment is 

irrent design basis. Based on the licensee's evaluation, the 
nent acceptable and in compliance with the code of record at

whals and Pressure Differentials

The licensee provided the calculated maximum stresses and CUFs for the reactor vessel 
co.mponents (Table 3-3 of Reference 2). The stresses and CUFs were evaluated by the 

licensee in accordance with the ASME Code, Section III, 1965 Edition, which is the code of 

record at QCNPS. The licensee indicated that for QCNPS, the reactor internal components are 

not ASME Code components. However, ASME Code requirements have been used as 

guidelines in the design basis documents. The assessment is consistent with the current 

design basis. The reactor vessel components not listed in Table 3-3 have maximum stresses 

and CUFs that are either not affected by the power uprate or are already bounded by those 

listed in the table. The maximum calculated stresses shown in the table are within the 

allowable limits, and the CUFs are less than the code limit of unity. The licensee evaluated the
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reactor internal components for QCNPS by comparing the changes in loads that are affected by 

the power uprate against the margins available in the design basis analysis. Reference 22 

shows that the existing margins are sufficient to accommodate the increase in loads for the 

power uprate. For some cases, the licensee compared the affected loads (i.e., RIPD) on 

certain components against their design basis loads. Reference 22 shows that the design basis 

loads are bounding for the power uprate. The maximum stresses for certain critical 

components of the reactor internals were also provided in Reference 22 for the power uprate 

conditions. The calculated stresses are shown to be less than the alloale Code limits.

The licensee assessed the potential for flow-induc 
licensee determined that the EPU has the greates 
the upper portion of the reactor vessel. This is du, 
the proposed power uprate. The effect of the pow 
components in the reactor annulus and core regio 
power uprate conditions do not require any increa: 
than 2.2 percent) in the drive flow. The evaluatior 
internal components was performed based on the 
at QCNPS, the GE prototype BWR/4 plant vibratk 
similar GE BWR plants. The vibration levels ere 
vibration data to power uprate conditions and cor 
allowable limits. The stresses at critical locations 
vibration peak response displacements and found 
of 10 ksi. Stress values less than 10 ksi are withit 
need to compute the cumulative fatigue usage for 
The licensee concluded that vibration levels of all 
are within theacceptancriteri Based 
licensee's conclusions acceptable and conisent 
vibration stress.

ition of th( ients. I
t effect on the steam separators and dryers in 
e to the increase steam flow thatresus from 
,er uprate on flow-induced vibration of other 
ns is less.significant because the proposed 
se in core flow and very little increase (less 
i of flow-indu... v..•btion for the reactor 
vibration data recorded uring startup testing 

)n data, and operating experience from other 
calculated by extrapolating the recorded 

ring the extrapolations with the plant 
calculated based on the extrapolated 

to be within the GE allowable design criterion 
n the endurance limit; therefore, there is no 
the component due to flow-induced vibration.  
safety-related reactor internal components 
censee's evaluation, the staff finds the 
with the ASME limit of 13.6 ksi for the peak

The licensee indicated in Reference 22 that the steam dryers and separators are not safety

related components; however, their failure may lead to an operational concern. The licensee 

also indicated that, althoug.1the design basis criteria do not require evaluation of the flow

induced vibration or determination of cumulative fatigue usage for the steam separators and 

dryers, the maximum vibration level for the separators is small in comparison to the allowable 

limit. The licensee also indicated that the dynamic pressure loads, which may induce dryer 

vibrations, are small in comparison to loads for the design basis faulted condition. Accordingly, 

stresses in the dryers due to vibration associated with the proposed uprated condition are 

estimated to be less than the allowable limit. In addition, the dryers are normally will-be 

Visually inspected during removal in each refueling outage, and any significant cracking can be 

detected and repaired. (We did not commit to a documented inspection of the steam 

dryers each outage. There is a routine gross visual inpsection that occurs as part of the 

refueling outage. This would detect significant cracking. )The design basis for the steam 

dryers specifies that the dryers maintain their structural integrity when subjected to a steam line 

break occurring beyond the main steam isolation valves. Since the dome pressure is not 

changed, the current steam dryer analysis remains bounding for the proposed power uprate 

conditions. On the basis of information provided by the licensee in Reference 22, the staff

I I 
I
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concludes that the licensee has reasonably demonstrated that the steam dryers and separators 

will meet their design basis requirements and maintain their structural integrity following the 
proposed EPU.

Based on its review of the licensee's evaluation of the reactor vessel internals, tl

that the maximum stresses and fatigue usage factors are within the Code-allowa 
staff concludes that the reactor vessel internal components will continueto main] 
structural integrity at the EPU conditions.  

The licensee indicated that the code of record for the CRDMs is the ASMECode 
1965 Edition, with Addenda up to and including Summer 1965. The omponent 
which form part of the primary pressure boundary have been designed for a bott 

pressure of 1250 psig, which is higher than the AL of 1095 psig for the reactor b 
pressure. The licensee's evaluation indicated that the maximum calculated stre, 

CRDMs is less than the allowable stress limit. The analysis for cyclic operation 

resulted in a maximum CUF of 0.15 for the limiting location, the CROM main flan 

condition. This is less than the Code-allowable CU limit of 1 .0.  

On the basis of its review, the staff concludes that the CRDls will continue to m 

basis and performance requirements at EPU condition..  

3.3.4 Steam Separator and Dryer Performance

The steam separators and dry 
integrity; however, their opera 
moisture content is a factor in 
from the reactor. The steam 
described in Section 5.5.1.6 o 
that hardware modifications a 
licensee's letter dated May 18 
of the steam separator-dryers 
limits. In its letter dated Augu 
for the planned modification w 
under most operating conditio

moisture carryo,

on its reviev 
am at EPU

e.staff finds 
1e limits. The 
ain their

A...

or head 
ottom head 
ss for the 
)f the CRDMs 
ge, at the EPU

eet their design

ers do not have a safety-related function other than structural 
tional performance is important to equipment design and steam 
design inputs such as transport of particulate radioactive material 

ýeparator and dryer performance evaluations are generically 
f ELTRI. A plant-specific performance evaluation determined 
rerequired to reduce the moisture content. As noted in the 

2001 (Reference 3), a startup test will evaluate the performance 
and demonstrate that the moisture levels are within appropriate 

st 7, 2001 (Reference 19), the licensee noted the design criterion 
as established to maintain moisture content _<0.2 wt. percent 

ns. Acceptable moisture content will be demonstrated based on 
a collected at both DNPS and QCNPS.

the licensee's evaluation the staff concludes that the moisture content of 
jitions will be acceptable.

Recirculation System

QCNPS is currently licensed to operate at a maximum core flow of 98 Mlb/hr (100 percent of 
the rated flow) and the EPU does not require an increase in the maximum allowable core flow.  
Future applications of the increased core flow option may increase the maximum core flow to 
108 percent of the current rated value, so some analyses are performed at this value. The
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primary function of the recirculation system is to vary the core flow and power during normal 

operation. However, the recirculation system also forms part of the RCS pressure boundary.  

The licensee evaluated the changes in the system operating pressure and temperature at the 

EPU conditions and determined that changes are small and result in conditions less than the 

current design conditions. The QCNPS EPU will not involve any increase in the steady-state 
dome pressure. However, operation at the EPU power level would increase the two-phase flow 

resistance, requiring a slight increase in the recirculation system drive flow. The licensee 

estimated the required pump head and pump flow at the EPU conditions and determined that 

the power demand of the recirculation motors will increase slightly. The increased drive flow 

will require increasing the pump speed. The licensee stated that the'QCNPS recirculation 

system and its components are capable of providing the core flow required f, operation at the 

EPU conditions. The recirculation system evaluations are consistent with the generic, 

evaluation in Section 4.5 of ELTR2, Supplement 1. Section 4.5 of ELTR2, Supplement 1, 

evaluated the recirculation system performance for a 20-percent power uprate with a 75-psig 

increase in the normal dome operating pressure and concluded that the recirculation system 

design can accommodate the operating conditions associated with thepower uprate.  

The staff reviewed the impact that a recircution pum.p trip would have on plant safety. The 

plant is analyzed for decreases in the reacto core coolant flow rate, which depend on the 

operation of the recirculation pumps and motors. The transient events in this category are 

(a) single and multiple recirculation pump trips, ) recirculation flow controller failure 
malfunction, (c) recirculation pump shaft seizure (normal and SLO), and (d) recirculation pump 

shaft break. Core flow is reduced in these .vents, resulting in a corresponding decrease in the 

reactor power. For QCNPS, these transientsare nonliemiting in terms of thermal limits. EPU 

operation is not expected to make these traints limiting.  

Chapter 15 of the QC-NPSZ 1:FOAR stq!t-s that the pump seizure event during single loop 
OperatIrisn 48ra1,l..od at fvh elei dte)fetermnine the imnpact an the MCPR, specifically to 
enaur that thi e det vizlte the TS SLMGPR for the cycle. The previous statement I 
is incorrect QCNPS is licensed to operate with SLO, and the licensee stated that SLO 

operation would be limitedto 70.2 percent of the EPU power level (2076 MWt) at 55.1 percent 

core flow (54 Mlb/hr). This ower level corresponds to the MELLLA upper boundary at the 

maximum recirculation pump speed of 102.5 percent.  

The licensee also stated that EPU conditions would not significantly increase the net positive 

suction head (NPSH) required or reduce the NPSH margin for the recirculation pump and jet 

pump. The licensee will maintain the flow cavitation protection interlock at the current setpoints 

ofactual FW flow rate. The cavitation interlock, shown in the lower portion of the power/flow 

map, ensures that sufficient subcooling is available to prevent cavitation of the recirculation 
pumps. This is consistent with the evaluation in Section F.4.2.6 of ELTR1.  

The licensee will not change the percent flow values of the recirculation pump flow mismatch 

specification in the TS.
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The staff finds the licensee's assessment of the changes to the cavitation interlock, the 
recirculation pump mismatch power basis, and the jet pump SR acceptable.  

Section 4.5.3 of Supplement 1 to ELTR2 discussed the impact of a 20-percent power uprate on 
the recirculation system safety functions for (a) the closure of the discharge valve during low
pressure coolant injection (LPCI), (b) the pump trip in transients and AT-WS, and-(c) 
measurement of the drive flow used in the APRM flow-biased setpoint and rod blocks. For 

LOCA response, one or both recirculation system discharge valves must .lose to ensure LPCI 
injection into the core. Since the QCNPS power uprate does not involve an increase in the 
operating pressure, the discharge valve closure permissive pressure would nottbe changed.  

The recirculation system drive flow is measured and used as an input to the APRM for the flow
biased APRM scram and rod blocks. According to Supplement•'1 to the ELTR2, the 
recirculation system fast transient analysis is necessary to support EPU operation for the plants 
that have adopted the ARTS feature to ensure adequate protection during the transient. The 
ARTS program replaces the flow-biased APRM trip setclown during operation at off-rated 
conditions. Under these conditions, ARTS plants use power- and flow-dendent MCPR and 
LHGR limits for operation at the off-rated conditions. Table 9-2 of the QCNPS SAR provides 
the delta-CPR value for the fast recirculation flow transient and confirms that the ARTS 
multipliers used to develop the power- dependent MGPR(P andshown in Table 9-3 remain 
bounding. This is acceptable to the staff.  

3.5 Reactor Coolant Piping and Components 

The licensee evaluated the effects of the power uprate conditions, including higher flow rate, 
temperature.,pressure, fluid transients, and vibration effects on the RCPB and the BOP piping, 

systems,.andc components.The componen evaluated included equipment nozzles, anchors, 
guides, penetrations, DUMPS, valves, flange connections, and pipe supports (including 
snubbers, hangers, and struts). The licensee indicated that the original codes of record, as 
referenced in the original and existing design basis analyses, and the original analytical 
techniques were usedin the evaluation. No new assumptions were introduced that were not in 
the original analyses. The staff finds this to be acceptable.  

3.5.1 Pipe Stresses 

The RCPB piping systems evaluated include the reactor recirculation, main steam (MS), main 
steam drains, reactor core isolation cooling (RCIC), high-pressure coolant injection (HPCI), FW, 

reactor water cleanup, core spray, standby liquid control, residual heat removal (RHR), 
LPCI/containment spray, RPV head vent line, and RV/SRV discharge line systems using the 

presentIcodes of record. The licensee indicated that the evaluation follows the process and 

methodology defined in Appendix K of ELTR1 (Reference 3) and in Section 4.8 of Supplement 
1 of ELTR2 (Reference 5). In general, the licensee compared the increase in pressure, 
temperature, and flow rate due to the power uprate against the same parameters used as input 
to the original design basis analyses. The comparison resulted in the bounding percentage 
increases in stress for affected limiting piping systems. The bounding percentage increases are 

compared to the design margin between calculated stresses and the Code- allowable limits. As
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a result of the comparison, the licensee concluded that there are sufficient design margins to 
justify operation at the power uprate condition. The bounding percentage increases were also 
applied to the original calculated stresses for the piping to determine the stresses at the 
proposed power uprate condition. The staff finds the licensee's methodology to be acceptable, 
considering the conservatism in the calculation of the scaling factors for the power uprate stress 
and loads.

In its response to the staff's request for additional information ( 
indicated that most of the RCPB piping systems at QCNPS are 
Standards Institute (ANSI) B31.1-1967, which does notrequire 
were used during the plant operation: ASME Code, Section I, 
1966 Addenda, including Code Cases N-1 thru N-3 and N-7 thi 
Section III, Subsection NC (Class 2), 1977 through 1978 Winte 
Section III, Subsection ND (Class 3), 1974 through 1976 Sumn 
not include requirements to evaluate fatigue. As a result of its 
concluded that for all RCPB piping systems, the original piping 
margin to accommodate the slight changes due to the propose 
reviewed relevant portions of the evaluation provided by the lic 
the licensee's evaluation acceptable.
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a fa 
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he licensee 
arican National 
is. Other codes

N-11, and ASME Code 
\ddenda and AS -E Code 
,Addenda. These codes do 
'aluation, the licensee 
ýsign has sufficient design 
power uprate. The staff 
see in Reference 22 and finds

valuated the stress levels for BOP piping an"dappropriate components, 
nd supports in a manner similar to the evaluation of the RCPB piping and 
d on increases in temperature and pressure from the design basis analysis input.  
BOP systems include ines which are affected by the power uprate, but not 
ection 3.5 of Reference 2, such as the LPCI/containment cooling water line, 
densate and heater drain lines main steam drain lines, and portions of the main 
1-, HPGI, and RHR systems outside the primary containment. The existing 

s of the affected BOP piping systems were reviewed against the uprated power 
a reSUIt, the licensee indicated that some main steam and torus-attached piping 
sufficient margin in the original design analyses to accommodate the changes 
osed power Uprate. For these piping systems, the licensee performed detailed 

n most cases demonstrated the adequacy of the existing piping design for the 
"ondition. However, in some cases, piping modifications are required to bring 
n the Code-allowable stress limits. The licensee committed to completing the 
itions prior to implementation of the power uprate at QCNPS. The licensee 
alculated stresses (Reference 20), assuming the required modifications were 
ised on this information, the staff has concluded that the stresses and stress 
in the tables are within the Code-allowable limits and are, therefore, acceptable.  

modifications are Confirmatory Item No. 1 which must be verified prior to 
at QCNPS.

The licensee evaluated pipe supports such as snubbers, hangers, struts, anchorages, 

equipment nozzles, guides, and penetrations by evaluating the piping interface loads due to the 
increases in pressure, temperature, and flow for affected limiting piping systems. The increase 
in pipe support loads due to the power uprate conditions is similar to the increase in piping 

stresses. However, when these increases are combined with the loads such as seismic and
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deadweight that are not affected by the power uprate, the overall support load increases are 
generally insignificant except for the main steam and torus-attached piping. The licensee found 
as a result of the evaluation, that some supports, structural attachments, and supporting steel 
require modifications to meet Code requirements and Code-allowable stress limits. The 
licensee reviewed the original postulated pipe break analysis and concluded that the existing 
pipe break locations were not affected by the power uprate, and that no new pipe break 
locations were identified. The staff finds the licensee's evaluation acceptable. The required 
torus-attached piping modifications are a Confirmatory Item No. 2 which must be verified 
prior to power uprate at QCNPS.

The licensee indicated that the flow-induced vibration (Ft 
FW piping systems will increase in proportion to the incre 
of the fluid velocity following the proposed power uprate.  
be below the acceptable limit, the licensee is committe 
test program, as outlined in Section 10.4.3 of the amend 
would include monitoring and evaluating the flow-inducec 
the proposed uprated power operation. Vibration data wil 
which correspond to 50 percent, 75 percent, and 100 per 
5-percent step increase in power level above 100 percen 
uprated power level. The vibration at the power uprate le 
extrapolation of the vibration data taken at the lower pow 
levels are compared against the allowable vibration stres 
fatigue endurance stress intensity imits established by th 
carbon steel. The staff finds the licensee's methodology 
the ASME Code limits and acce table.

Based on ti 
supports, ir 
structural a
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the r
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V) levels for-the safety-related MS and 
ase in the fluid density and the square 
To ensure that the vibration level will 

J to perform a piping vibration startup 
nent submittal. The startup testing 
vibration during the plant startup for 

I be collectedt interim test conditions, 
cent of the ORTP, and at each 
t of ORTP, Lp to the final proposed 
vel may be determined based on 

er levels. The measured vibration 
s levels, which depend on the design 
e ASME Code for stainless and 
in assessing FIV to be consistent with

ncUdeS that the design of piping, components, and their 
ations discussed above, is adequate to maintain 
ity at the proposed EPU conditions.

Flo

eRCPB pipi 
ýrated corros 
on FAC in th 
ther RCPB p 
ies in the floi

ng, the licensee provided an assessment of changes in the potential for flow
;ion (FAC) damage due to the EPU. The licensee evaluated the effect of the 
e following systems: recirculation, main steam and associated piping, FW, 
)iping. The licensee's evaluation of the reactor coolant piping confirmed that 
W parameters associated with the EPU would have few or no significant 
ýntial for FAC in those systems which might be susceptible to the 
.1 FW or main steam systems).

The components in the recirculation system are made from stainless steel, which is immune to 
FAC. FAC damage will not, therefore, occur in this system after power uprate.  

The main steam and associated piping system contains components made from carbon steel 
which is prone to FAC. However, these components are exposed to steam having a 
99.5 percent quality level and in this environment no FAC damage will occur. Since the power
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uprate is expected to result in some change in moisture content, there is a possibility of the 

formation of an active FAC environment. In order to prevent this, the licensee committed, as 

a part of the power uprate implementation, to modify the reactor vessel moisture separation 

equipment. This modification will maintain carryover levels consistent with values before the 

power uprate and will prevent damage from FAC.

The FW system has carbon steel components, which are affected by 
uprate there will be some changes in operating conditions caused by 
additional pump. Also, system pressure and temperature are expect, 
changes will affect the amount of material loss due to FAC. However 
for these changes by modifying its CHECWORKS predictive cod. TI 
from this modified code will be used by the licensee toi assess wear r• 

inspections for the components currently included in the program. Th 

serve to identify other components which may become susceptible to 

The power uprate will only slightly affect the inlet temperature in the o 
not change their operating environment. Therefore, no potentialWill E 

these pipes.  

The staff reviewed and evaluated the licensee's ana~lyses of the syste 
may have an effect on FAC. The staff concludes that the licensee ha 
will have a very small effect on FAC. The licensee will account for th 
changing the predictive FAC model(and ma"king corresponding chan 
timely corrective measures can be implemented.

3.6

ar the power 
tion of an 
ige. These 
see will acco

he predictions obtained 
ates and to schedule 
e predictions will also 
FAC after power uprate.

RCPB pipes and will 
for FAC damage to

ims where power uprate 
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e FAC changes by 
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The licensE 
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-he
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ier p 
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'D psig. nm( 
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staff finds tl

Main Steam

es not have an impact on the structural integrity of the main 
of the power uprate license amendment request, the 
RPV transient pressure of 1336 psig results from the 

e conditions, but this value remains below the ASME Code 
ine flow restrictor will maintain its structural integrity 
restrictor was designed for a differential pressure of 1375

able.

Valves (MSlVs)

The MSIVs are .pa.rt of the reactor coolant pressure boundary. That safety function is to isolate 
the•main steam line. The MSIVs must be able to close within the specified time limits at all 

design and operating conditions upon receipt of a closure signal. They are designed to satisfy 

leakage limits set forth in the plant TSs.

The licensee stated that the MSIVs were generically evaluated, in Section 4.7 of ELTR2. This 

evaluation covers both the effects of the changes to the structural capability of the MSIV to 

meet pressure boundary requirements, and the potential effects of EPU-related changes to the 

safety function of the MSIVs. The generic evaluation is based on (1) a 20 percent thermal
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power increase, (2) an increased operating reactor dome pressure to 1095 psia, (3) a reactor 

temperature increase to 556 'F, and (4) a steam and FW flow increase of about 24 percent.  

The licensee stated that the conditions for QCNPS are bounded by those in the generic 

analysis. The dome pressure and temperature do not increase with the EPU. The increase in 

flow rate assists MSIV closure, which results in a slightly faster MSIV closure time, TS MSIV 

closure timing requirements will continue to be met.

The licensee did request an increase in the setpoint for ir 
The increase is equivalent to 140 percent of uprated stea 
with ELTRI, Section F.4.2.5. This setpoint change is ev 
The licensee noted that the new break flow setpoint will r 
through the steam line flow restrictors. For lower magnitt 
(Reference 19) that breaks between 120- and 140-percei 
isolation signal, and additionally a break in the steam tun 
temperature switches. Both of these actuations will also 
operation as indicated above remains bounded by the co 
Section 4.7 of ELTR2, and the MSIVs are acceptable for

The staff accepts the licensee assessment 
analyzed and specified in the TS. In additi( 
monitoring of MSIV closure time and leaka, 
preserved. Based on the review of the licei 
that the plant operations at the proposed E 
perform their isolation function.

1, var 
to E

'n of 
N in 
d in

main
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of t qeneric evaluation in
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ie MSIV closure time will be maintained as 
nlois TS surveillances require routine 
nsure that the licensing basis for the MSIVs is 
rationale and evaluation, the staff concludes 

iel will not affect the ability of the MSIVs to

3.8 Reactor Core

The QCNPS 
the RPV isisc 
(LOFWF), an, 
of a low-pres,

Secti( 
injecti 
Iowes

1 5.6.7 of EL 
in pressure f 
available gr 
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nt evaluatior

n the n 
e RPV

oolant makeup to the core in the event of a transient when 
denser concurrent with the loss of all feedwater flow 
e is greater than the maximum allowable for the initiation

TRi provides the scope of the RCIC system evaluation. The maximum 
or RCIC is conservatively based on the upper analytical setpoint for the 

oup of SRVs operating in the spring safety mode. For the QCNPS EPU, the 
3ure and the SRV setpoints are unchanged, and there is no change to the 

einjection parameters. In addition, the results of the plant-specific LOFWF 
n indicate that the RCIC system design flow rate (400 gpm) is sufficient to 

ce criterion of maintaining reactor water level above the top of active fuel for

.ions.

GE Services Information Letter (SIL) No. 377, "RCIC Startup Transient Improvement with 

Steam Bypass," describes startup control modifications intended to improve RCIC startup 

reliability. However, the licensee states that, since the RPV pressure did not change with the 

EPU, the EPU will not cause changes in the RCIC startup transient characteristics. Since a 

reevaluation of the QCNPS RCIC turbine startup performance indicates acceptable transient

t
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speed peaks without performing the SIL 377 modifications, the licensee concludes that no 
changes are needed for EPU. The licensee further states that EPU operation does not 
decrease the NPSH available for the RCIC pump, nor does it increase the NPSH required 
above the system design value. The required EPU surveillance testing and system injection 
demands would occur at the same reactor operating pressures, so there would be- no change to 
existing system and component reliability.

The licensee has analyzed the LOFWF transient for EPU 
guidelines, and has conservatively evaluated the pressurE 
QCNPS RCIC system. The staff finds the licensee's assE

!ration 
rformr 
nent tc

with the ELTR1 
ments of the
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3.9 Residual Heat Removal (RHR) System 

The RHR system is designed to restore and maintain the reactor coolant inventory and to 

provide primary decay heat removal following a reactor shutdown for both normal and accident 

conditions. The RHR system can operate in the shutdown cooling mode, LPCI meode, 

suppression pool cooling (SPC) mode, containment spray cooling (CSC,) mode, and fuel pool 

cooling (FPC) assist mode. The LPCI mode is discussed in Section 4.2.2, while the effects of 

the EPU on the other modes are described below. The generic RHR•capbility evaluation 
process is described in Section 5.6.4 of ELTRI. The results of the following evaluations are 

consistent with the generic evaluation in Section 4.1 of ELTR2. /

3.9.1 Shutdown Cooling Mode 

The operational objective of normal shutdown is to redi 
scram to 125 OF within approximately 20 hours using tv 
shutdown cooling (SDC) evaluation at the EPU conditic 
this cooldown time, the staff finds it acceptable.  

3.9.2 Suppression Pool Cooling Mode '

During normal plant operation, the 
temperature below the TS limit. F 
term suppression pool temperatur 
exceeded. Following a LOCA, the 
to the suppression pool, resultingi 
pressure, as discussed in Section 
in Section 41.1, results in only an 
suppression pool temperature re.  
the NPSH available to the LPI/C.  
adequate NPSH margin remains u 
be acceptable.b .

3.9.3 ýntainment

reactor temperature after 
t exchanger loops. Since the 
ated that the plant can meet

SPC function is to maintain the suppression pool 
ollowing abnormal events, the SPC function controls the long
6 Sudh that the design temperature limit of 281 OF is not 
increase in decay heat due to EPU increases the heat input 

n a slightly higher peak containment temperature and 
4.1.1. The analysis at 102 percent of EPU power, discussed 
8 'F increase in the peak temperature and confirms that the 

ains below its design limit. The higher temperature reduces 
C pumps during operation; however, Section 4.2.5 shows that 
nder post-LOCA operating conditions. The staff finds this to

Mode

The containment spray cooling mode of the RHR system is designed to provide water from the 

sUppression pool via the spray headers to the drywell and suppression chamber air spaces to 

reduce the long-term containment pressure and temperature during post-accident conditions.  

The power uprate slightly increases the containment spray water temperature. This increase 

has anegligible effect on the ability of the containment spray cooling mode to maintain 
containment pressure and temperature within design limits, as the peak pressure and 
temperatures are reached well before the use of containment spray is assumed to occur.  

Based on the review of the licensee's rationale and evaluation, the staff concludes that plant 

operations at the proposed EPU level will have an insignificant impact on the containment spray 
cooling mode.
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3.9.4 Fuel Pool Cooling Assist Mode 

As a result of plant operations at the proposed EPU, the decay heat load for specific fuel 

discharge scenarios will increase. In the event that the spent fuel pool (SFP) heat load exceeds 

the heat removal capability of the fuel pool cooling and cleanup (FPCC) system (e., during 

full-core offload events), the RHR will be operated in the fuel pool cooling assist mode to 
provide supplemental cooling to the SFP and to maintain the SFP temperature within 

acceptable limits. Section 6.3 addresses the adequacy of the combined heat removal capability 

of the FPCC system and the RHR system operating in the fuel pool cooling assist mode to meet 

the increases in SFP heat loads resulting from the proposed EPU.

3.10 Reactor Water Cleanup (RWCU) System 

The RWCU is evaluated in Section 3.5 of this SE.  

3.11 Main Steam, Feedwater, and Balance-of-Plai 

The main steam, FW, and balance-of-plant piping e' 
coolant piping in Section 3.5 of this SE.  

4.0 ENGINEERED SAFETY FEATURES 

4.1 Containment System Performance ..

ipLil

n is a along with reactor

The QCNPS UFSAR provides the results of analyses of the containment response to various 
postulated accidents that constitute the design basis for the containment. Operation at the EPU 

level of 2957 MWt would change some of the conditions and assumptions of the containment 
analyses. Section 5.10.2 of ELTRI (Reference 3) requires the power uprate applicant to show 

the acceptability of the effect ot uprate power on containment capability. The applicant's 
evaluation must include containment pressures and temperatures, LOCA containment dynamic 
loads, safet containment dynamic loads, and subcompartment pressurization.  
Appendix G of ELTRi prescribes the generic approach for this evaluation and outlines the 

methods and scope of plant-specific containment analyses to be done in support of power 
uprate. These analyses must cover the response through the time of peak drywell pressure 

throughout the range of power/flow operating conditions with power uprate. Appendix G states 

that the applicant must analyze short-term containment pressure and temperature response 
uing the previouslyplied GE code, M3CPT. The QCNPS EPU analyses uses the LAMB 
code with Mood.y's.Slip Critical flow model to generate the blowdown flow rates used as inputs 

to M3CPT, This approach, using a code with a more detailed reactor pressure vessel model, 

results in more realistic break flows for input to M3CPT, and differs from the current UFSAR 

analyses. Plant-specific use of the LAMB code, which has been previously reviewed by the 
NRC for Appendix K LOCA analyses, was addressed in ELTR1, Appendix G.

Appendix G of ELTR1 also requires the applicant to perform long-term containment heatup 
(suppression pool temperature) analyses for the limiting UFSAR events to show that pool 
temperatures will remain within limits for suppression pool design temperature, ECCS NPSH,
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and equipment qualification temperatures. These analyses can be performed using the GE 

computer code SHEX. SHEX is partially based on M3CPT and is used to analyze the period 

from break initiation until after peak suppression pool temperature (i.e., the long-term 

response). The SHEX computer code has been used by GE on all BWR power uprates. For 

QCNPS, the licensee provided additional details of the confirmatory calculations performed to 

validate use of this code. As a benchmark case, the licensee chose the double-ended break of 

the recirculation line depicted in UFSAR Table 6.2-3, Case E. Assumptions were adjusted for 

the SHEX analysis to match those used for original licensing. The HX.lS codes show that the 

SHEX code conservatively overpredicts (4 'F) peak suppression pool temperature. Based on 

the licensee's evaluation, the staff concludes that the use of SHEX code isacceptable for EPU 

containment analyses.

In a letter dated August 13, 2001, providing additional ii 
addressed the EPU effect on TS 3.6.2.1, "Suppression 
applicable in Modes 1, 2, and 3 with limits varying abov 
licensee noted that the 1-percent RTP value is approxii 
the reactor is effectively shutdown. The licensee indicý 
engineering judgement and would remain applicable wi 
17.8 percent higher.  

Based on the licensee's rationale, the staff concludes t 
should be retained for TS 3.6.2.1.  

4.1.1 Containment Pressure and Temperature Respo

Short-term and long-tE 
drywell are documentE 
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reactor vessi 
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interest fr c 
drywell and 
included app

nt con 
;. The

ontainmer 
wetwell at 
ropriate c 
servative 
se curve-

-d that t 
i•the nev

n (Reference 23), the licensee 
-age Temperature." This TS is 

;ow 1-percent RTP. The 

----------------------to heat losses, such that 
he numbe-is based on 

nes t1RTP, which is 

-erences to 1 -percent RTP

erm containment a r esults following a large break inside the 

•din the.QCNPS UFSAR. The short-term analysis was performed to 
ywell and wetwell pressure response during the initial blowdown of the 

ry into the containment following a large break inside the drywell (design 

.OCA)), while the long-term analysis was performed to determine the 
I temperature response considering decay heat addition. In 

nsee provided both short-term and long-term curves for parameters of 

nt response for a DBA-LOCA, including temperature and pressure for the 

niosphere, and suppression pool temperature. Reference 19 also 

:urves for parameters used in the NPSH calculations. These curves use 

assumptions for determining available suction pressure for the ECCS 
I, including the statements of assumptions used and explanatory notes, 

t response and analysis results for the effect of the EPU.

The licensee indicated that the containment analyses were performed in accordance with NRC 

guidelines using GE codes and models. As noted above, the M3CPT code was used to model 

the short-term containment pressure and temperature response. The licensee also indicated 

that the SHEX code was used to model the long-term containment pressure and temperature 

response for EPU.

4.1.1.1 Long-Term Suppression Pool Temperature Response
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(a) Bulk Pool Temperature

The licensee indicated that the long-term bulk suppression pool temperature response with the 

EPU was evaluated for the DBA-LOCA. The bounding analysis was performed at 102 percent 
of EPU rated thermal power (RTP). The analysis was performed using the SHEX code and a 
more realistic decay heat model. The staff has determined that the model used, the ANS/ANS 
5.1-1979 decay heat model with an uncertainty adder of two sigma, is acceptable.  

The peak bulk suppression pool temperature was calculated to be 199 'F, based on revised 
EPU methodology, which is an increase of 22 OF in peak pool temperatureover the current 
licensing basis temperature 177 OF. However, a portion of that increase is caused by the 
change in methodology. The EPU results in a 9 OF increase in peak pool temperature over the 
current power level temperature, using EPU methodology and input assumptions. The peak 
suppression pool temperature remains below the wetwell structue design temperature of 
281 OF.  

Based on the staff's review of the licensee's analyses, and experie gained from review of 
power uprate applications for other BWR plants, the staff concludes that the peak bulk 
suppression pool temperature response remains acceptable for the EPU.  

(b) Local Pool Temperature With RV and SRV Discharge

QCNPS is equipped wit 
unstable condensation 
RV/SRV discharge is sl 
quenchers on the RV/S 
Limit on Local Suppres 
evaluation report dated 
temperature limit for pIa 
suction is not a concern 
where the quencher an 
bays) in the torus, has 
evaluation of the likelil
assumed that the wat( 
suction strainers, that 
flow. The licensee qu 
the strainer. Since th( 
envelore. steam incie

operation 
discharge

h four RVs and one SRV per unit. Because of concerns resulting from 
observed at high poo temperatures, the local pool temperature limit for 
)ecified in NUREG-.Q78~3. Elimination of this limit for plants with 
RV discharge lines is justified in GE report NEDO-30832, "Elimination of 
sion Pool Temperatue for SRV Discharge with Quenchers." In a safetu 
August 29, 1994, the staff eliminated the maximum local pool 
nts with quenchers, provided that steam entrainment in the ECCS 

.The licenseeindicated that an evaluation of the worst-case geometry, 
d the ECCS suction strainers are located in the same sections (i.e., 
been performed for QCNPS. The licensee provided details of the EPU 
od of steam ingestion in Reference 19. The evaluation conservatively 
is locally saturated in the vicinity of the SRV quenchers and ECCS 

I• ECS pumps were operating, and that there was full SRV discharge 
ntified the size of the SRV steam plume and envelope of flow drawn into 
evaluation shows that the steam plume will not intersect the flow 
ion into the ECCS suction is not a concern.

the review of the licensee's rationale and evaluation, the staff concludes that the plant 
s at the EPU will have no impact on the local pool temperature with RV/SRV

4.1.1.2 Containment Airspace Temperature Response
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The containment airspace temperature limit of 340 OF was based on a bounding analysis of the 
superheated gas temperature that can be reached with blowdown of steam to the drywell during 
a DBA-LOCA. Using a new methodology for EPU, the licensee calculated the peak DBA-LOCA 
drywell gas temperature to be 291 OF at the EPU conditions, which remains below the drywell 
airspace design temperature of 340 OF. The current licensing basis analysis had calculated a 
temperature of 290 OF. Using the EPU methodology, the peak drywell air temperature for 
current rated power is 289 OF, which is 2 OF lower than the calculated temperature at EPU 
power. The EPU peak DBA-LOCA drywell air temperature is 10 OF above the shell design 
temperature of 281 OF; however, the brief duration above design temperature (less than 10
second) is not long enough to bring the shell temperature above its design value.

The licensee indicated that the limiting design basis ac 
temperature is a steam line break. A steam line break 
response than the DBA-LOCA (liquid line break) becaL 
content than liquid at the same pressure. The licenseE 
limiting steam line break in its letter dated August 14, 2 
analyzed four break sizes ranging from .01 to 0.75 ft2 

airspace temperature was determined to be 337 'F, 
temperature limit, and the peak drywell shell temperatt 
remains below the 281 OF design temperature. Th e pe 
early in a steam line break event and before drywell 4 
the licensee stated it is relatively insensitive to power I 
calculated to rapidly rise to the saturation temperature 
drywell (around 277 OF), and continue rising more slow 
hotter drywell airspace temperature. The temperature 
drywell sprays.

The licensee 
EPU conditic 
suppression 
space tempe 
the DBA-LO(

that 
ws th

effects cause the airsp• 
Previous UFSAR analy 
airspace temperature r 
unchanged from that tE

the

th

ev4 
foi 
IV.

,nt with respect to peak drywell 
luces a higher drywell temperature 

ie steam has a higher energy 
vded additional detail describing the 
(Reference 24). The licensee 

ie EPU conditions. The peak drywell 
"h remainsbelow the 340 OF 
vas deterrined to be 277.9 OF, which 
rywela airspace temperature occurs 
initiation at 600 seconds; therefore, 
. The drywell shell temperature is 
ihe steam partial pressure in the 
Jue to natural convection from the 
is terminated with the initiation of

e•yew of results for DBA-LOCA and steam line breaks analyzed at 
at the DBA-LOCA is the limiting event for the wetwell airspace and 
ýtures. The analyses for DBA-LOCA calculated a peak wetwell air 
' F, which occurs during the blowdown period. In the early phase of 
ensable gas in the drywell is transported to the wetwell. Compression 
e temperature to increase above the suppression pool temperature.  
,s had assumed thermal equilibrium. The peak calculated wetwell 

Yains below the wetwell structural limit of 281 OF for the EPU, and is 
perature calculated with current power levels and current methods.

and wetwell air temperature response has no adverse impact on the

Based on the review of the licensee's evaluation, the staff concludes that the drywell and 
wetwell air temperature response will remain acceptable after the EPU.

4.1.1.3 Containment Pressure Response
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The licensee indicated that the short-term containment response analyses were performed for 

the limiting DBA-LOCA, which assumes a double ended guillotine break of a recirculation 
suction line, to demonstrate that operation at the EPU level does not result in exceeding the 
containment design pressure limits. The short-term analyses cover the blowdown period during 
which the maximum drywell pressures and maximum differential pressures between the drywell 
and wetwell occur. These analyses were performed at 102 percent of EPU RTP per Regulatory 
Guide 1.49, with the break flow calculated by using a more detailed model than used for 
previous licensing basis analyses. Use of the GE NEDE-20566-P-A model for LOCA analyses 
in accordance with 10 CFR 50 Appendix K was addressed in topical reportELTR1. These 
analyses calculated a peak drywell pressure of 43.9 psig at EPU, which remains below the 

containment design value of 62 psig. The licensee noted that this represents.a reduction from 
the current UFSAR analysis results of 47 psig. However, comparing the analyses results 
obtained from the current rated power using the current methods (42.8 psig) shows an increase 
of only 1.1 psig peak drywell pressure resulting from the EPU.

The DBA-LOCA analysis wetwell pressure peaks at " 
transient due to compression effects of non-conde"ns 
maximum allowable internal pressure of 62 psig'ThE 
calculated with current UFSAR methods, beCaUse th 
between the wetwell pool and associate airspace. H 
obtained from the current rated power using the same 
an insignificant increase of only 0.1 psig in the peak

ible gases.  
peak is 9.7 

ise methods

vet\

gth early phase of the 
-h1isis well below the 
sig higher than that 

a'SUrned thermal equilibrium 
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The current value of peak calc[ 
accident (Pa) used for containr 
to decrease this value to 43.9 , 
Part 50, pendix J. In res.  
information, the licensee provic 
consistent with.h EPU applicý 
B 3.6.1.4. The staff finds•sthe

Based 
pressu

.1po1n I fVc1VV 

esponse f(

4.1,2 Containment

I primary containment internal pressure for the design basis 
testingis48 g. .The licensee has proposed TS changes 
)ased on the above pressure response for EPU per 10 CFR 
Reference 19) to the staffs request for additional 
draft of proposed UFSAR Section 6.2.1.3. The draft is 

for this change and is referenced as the basis for TS 
sed.TS change acceptable.

see"s evaluation, the staff concludes that the containment 
)stulated LOCA will remain acceptable after the EPU.

Loads

'1 LOCA Coi ient Dynamic Loads

The licensee indicated that the LOCA containment dynamic loads analysis for the EPU is based 
primarily on the short-term recirculation suction line break DBA-LOCA analyses. These 
analyses were performed similarly to the analysis described above in Section 4.1.1.3 using the 
Mark I Containment Long Term Program method, except the break flow is calculated using the 

more detailed reactor pressure vessel model of the NEDE-20566-P-A GE model for LOCA 
analyses in accordance with 10 CFR Part 50, Appendix K. These analyses provide calculated 
values for the controlling parameters for the dynamic loads throughout the blowdown. The key 

parameters are the drywell and wetwell pressures, vent flow rates, and suppression pool
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temperature. The LOCA dynamic loads with the EPU include pool swell, condensation 

oscillation, and chugging. For a Mark I plant like QCNPS, the vent thrust loads are also 

evaluated.

The licensee stated that the short-term containment response conditions with the 

within the range of test conditions used to define the pool swell and condensation 

loads for the plant. The long-term response conditions with EPU for times beyon 
blowdown period, in which chugging would occur, are within the conditions used t 

chugging loads. The licensee also indicated that the vent thrust loads with the F 

calculated to be less than the plant-specific values calculated durinitone Mark.I0 
Long Term Program. Therefore, the pool swell, condensation oscillation, c•6gg•r 

vent thrust loads for the EPU remain bounded by the existing load definitions.

Based on its review of the licensee's rationale and eva 
LOCA containment dynamic loads will remain accepta

J are
oscillation 

d the initial 
to define the 
PU are 
ontainment

conlcudes that the
J.

4.1.2.2 Relief Plus Safety Relief Valve Loads

The relief valve/safety relief valve (RV/SRV' 
suppression pool boundary pressure loads, 
loads are influenced by the RV/SRV openin 
discharge line, the discharge line geometry, 
RV/SRV actuations, the only parameter cha 
introduced by the EPU is an increase in the 
include an increase in the opening setpoirt 
from the firs•t V/SRV actuations.

"id di

ai 
inE 

pr4

essure s5 
Jsuppres 
which c• 

ýning pre

loads include discharge line loads, 
ids onsu~bmerged structures. These 
etpointthe initial water leg height in the 
ssion pool geometry. For the first 
an affect the SRV loads that could be 
s-ure setpoint. This EPU does not 

ierefore, it has no effect on the loads

After RVISRI 
pressure whi 
to decrease.  
for the existir 
QCNPS RW 
subsequent 
been reduce

ated m 
ýr capE 
efinitio

the

reopening 
d such th; 
inimum tii 
acity, and 
n.

Er refloods the discharge line, condenses steam, and creates a low 
vacuum breaker to open, allowing water level in the discharge line 
indcated that to mitigate the effects of subsequent SRV actuations 
iier setting (longer than the minimum time) has been built into the 
gic. This timer extends the time between the SRV closure and 
;uring that the water column height during subsequent actuations has 

ctUation loads are acceptable. The EPU has no impact on the 
itervals between RV/SRV openings, which is based on time, vacuum 
od height. Therefore, RV/SRV loads remain bounded by the existing

wie~ of the licensee's rationale and evaluation, the staff concludes that plant 

e EPU will have insignificant or no impact on the SRV containment loads.

4.1.2.3 Subcompartment Pressurization 

The licensee indicated that because the EPU does not increase the reactor operating pressure, 

there is only a minor increase in the asymmetrical loads on the vessel, attached piping and 

biological shield wall due to a postulated pipe break in the annulus between the reactor vessel

e,
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and biological shield wall. The results of the updated calculations including the effects of the 

EPU indicate that the biological shield wall and component designs remain adequate, because 

there is sufficient pressure margin available.

Based on its review of the licensee's rationale and evaluation, the staff concludeE 

operation at the EPU will have an insignificant impact on the subcompartment pn 

4.1.3 Containment Isolation I.. . . .. . . . .  

The licensee indicated that the system designs for containment isolation have be 

for the EPU conditions. The capability of the actuation devices to perform with t.I 

and temperature during normal operations and under post-accident conditions.  
determined to be acceptable.  

Based on its review of the licensee's rationale and evaluation, the staff conclude 
operations at EPU will have an insignificant or no impact on the containment isol 

4.1.4 Generic Letter 96-06 

The licensee indicated that a review of the plant's p.stresponse toGL 96-06, "A 
Equipment Operability and ContainmentIntegrity Dur4ig Design-Basis Accident 
was conducted to assess the impact of the EPU. The containment analysis dem 

the original post-accident containment temperatures increase slightly.

iat plant 
;urization.

evalL

s that plant 
ation system.

ssurance of 
Conditions," 
onstrate that

Based on its review of the 
basis accidents, the staff c 
EPU.

4.2

itainment pr 
,Iudes that tl

mperature conditions during design 
nse to GL 96-06 remains valid for the

.CCS)

The ECCS components are designed to provide protection in the event of a LOCA due to a 

rupture of the primary system piping. Although DBAs are not expected to occur during the 

lifetime of a plant, plantsare designed and analyzed to ensure that the radiological dose from a 

DBA will not exceed the 10 FR Part 100 limits. For a LOCA, 10 CFR 50.46 specifies design 

acceptance criteria based on (a) the peak cladding temperature (PCT), (b) local cladding 

oxidation, (c) total hydrogen generation, (d) coolable core geometry, and (e) long-term cooling.  

The LOCA analysis considers a spectrum of break sizes and locations, including a rapid 

circumferential rupture of the largest recirculation system pipe. Assuming a single failure of the 

ECCS. the LOCA analyses identifies the break sizes that most severely challenge the ECCS 

syste.ms and the primary containment. The maximum average planar linear heat- generation 

rate (MAPLHGR) OL limit is based on the most limiting LOCA analysis, and licensees perform 

LOCA analyses for each new fuel type to demonstrate that the 10 CFR 50.46 acceptance 

criteria can be met.
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The ECCS for QCNPS includes the HPCI system, the LPCI system mode of the RHR system, 

the core spray (CS) system and the automatic depressurization system (ADS). ECCS 

performance is discussed in Section 4.3.

4.2.1 High Pressure Coolant Injection System.  

The HPCI system (in conjunction with other ECCS systems) is desigi 
water level inventory during small- and intermediate-break LOCAs, is 
LOFWF. For a large-break LOCA, the reactor will depressurize rapki 
HPCI system inoperable.  

The HPCI system is required to start and operate reliably over its de.  
During LOFWF and isolation transients, either the HPCI wil man•tain 
of active fuel (TAF) - ithe event that the RGIC system iH uveilabk 

system) For the MSIV closure, the RVs open and close as required 
HPCI will eventually restore water level.  

The licensee evaluated the capability of the HCI? system, for operati 
to provide core cooling to the reactor to prevent excessive fuel PCTI 

intermediate-break LOCAs and to ensurecore coverage up to the 
transients. The licensee stated that the HPCI evaluation is appcabl 
the evaluation in Section 4.2 of ELTR2. The licen determined th.  
acceptable for the EPU.

The generic evaluation in 
pump design pressures.  
as designed and analyze( 
system can start and inje 
reactor pressure associk 
conclusions.•

4.2 c 
isee 
orma

itain reactor 
isients, and 
rendering th(

3ign operating range.  
water level above the top 

e. (RCIC is not an ECCS 

to control pressure and

on at the EPU power level, 
following small- and 
AF in isolation and LOFWF 
e to and is consistent with 
at the HPCI system is

)f the Supplement to ELTR2 is based on typical HPCI 
evaluated the capability of the HPCI system to perform 
nce at the.EPU conditions, and concluded that HPCI 
d amount of coolant into the reactor for the range of 

'Aand isolation transients. The staff reached the same

ection (LPCI)

The LPCI mode of the 
conjunction with other 
cooling for all LOCA e 
capability to perform t

RHR system is automatically initiated in the event of a LOCA and, in 
ECCS systems, the LPCI mode is required to provide adequate core 

vehts. The licensee further stated that the existing system has the 
•ie design injection function of the LPCI mode for operation at the EPU 

a generic evaluation in Section 4.1 of ELTR2 bounds the QCNPS LPCI 
The staff finds the evaluation acceptable.

4.2.3 Core Spray (CS) System

The CS system initiates automatically in the event of a LOCA. In conjunction with other ECCS 

systems, the CS system provides adequate core cooling for all LOCA events.

4.2.2

I I
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The licensee stated that, as indicated in the ECCS performance discussion in Section 4.3, the 
calculated LOCA PCT could increase slightly at the EPU. However, the existing CS system, 
combined with other ECCS systems, will provide adequate long-term post-LOCA core cooling.  
The licensee added the existing CS system hardware has the capability to perform its design 
injection function at the EPU conditions and that the generic evaluation in Section 4.1 of ELTR2 
bounds the QCNPS CS system performance. The staff finds this acceptable.

4.2.4 Automatic Depressurization System (ADS)

The ADS uses the S&RVs to reduce reactor pressure E 
LPCI and CS systems to provide cooling flow to the veý 
and the SRV to have a minimum flow capacity. After a 
on low water level plus high drywell pressure or on sus 
licensee stated that the ability of the ADS to initiate on 
power uprate. The EPU decay heat is higher, increasir 
licensee stated that the increase in the required flow ce 
operable, instead of the current requirement of fou•rAD 
licensee's evaluation.

r a sma 
l. The

valves,

ll-1 wing ti
plant design requires tne lvs 
delay, the ADSacates either 
water level alone. The 

e signals is not affected by the 
iired flow capacity. The 
uires five ADS valves to be 
Thestaff accepts the

4.2.5 Net Positive Suction Head

The licensee indicated that 
at 102 percent of EPU RTF 
applicable for GE14 fuel w 
additional credit for contair 
dated JanUaory29, 1999, Q 
increasesat afaster rate 
during a LOCA. The incre 
results in increased vapor 
pumps. Section 4.1.85 of 
QCNPS to take credit for r 
pumps following EnU, noti 
evaluated at the increased
letter dated September 
calculations of ECCS s 
address the NRC cormr

t the containment analysis for NPSH was performed for DBA-LOCA 
P, using the ANS 5.+ two sigma decay heat with fuel exposure 
ith a 24-month fLue cycle. The results of the analysis determined that 

.ente verpressure as compared with the credit requested by letter 
Reference 60) is required because the suppression pool temperature 
•nd peaks at a higher value compared with the pre-EPU conditions 
ase in suppression pool temperature from EPU decay heat load 
press.ure, reducing the available suction head available for the ECCS 
ELTR2, Supplement 1, addressed the need for plants such as 

)ositive containment pressure to augment the NPSH available to the 
ngthat the adequacy of the RHR and LPCS pumps would be 
suppression pool temperature associated with power uprate. In a 

2000 (Reference 59), the NRC provided comments on the 
ion strainer debris bed head loss and requested that the licensee 
its and resubmit them.

In their letter dated August 13, 2001, (Reference 23) in response to the staff request for 
additional information, the licensee stated that overpressure credit for QCNPS would be 
handled in a future submittal. In their September 25, 2001, letter (Reference 50) the licensee 
requested the following overpressure credit for QCNPS: (this submittal also addressed the 
NRC comments, including recalculation of ECCS strainer head loss, identified in Reference 59)
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From (sec) 

Accident start 

290 

5,000

44,500

52,500

60,500

75,000

95,000

115,000

155,000

To (sec) Requested Credit (psi)

290

5,000 

44,500

52,500 

60,500

75,000

8.0 

4.8 

6.7

6.0

5.5

4

95,000 

115,000

155,000

Accident end 1.8

Although the licensee has requested ov 
they have calculated that more pressur 
time periods were analyzed; short-term 
600 seconds). In calculating the amout 
that maximize the pool temperature anc 
residual heat removal/containment cool 
suppression pool water at the low watei 
four RHR pumps running with a single f 
directly into the d Iywell from thefu

The licensee 
DBA-LOCA c

(Figures 1 and 2 oT I-r 
depicting pool pressur 
indicates that prior to : 
operators have been I 
i•mits and control of c( 
ooerators will effectiV

erpressure credit higher than previously applied for; 
than requested is available during a DBA-LOCA. Two 

(before 600 seconds) and long-term (after 
t of overpressure required, assumptions were made 
m"iniize the overpressure; including operation of 

ng loops in the containment spray mode, initial 
lev and at 950 F, and both core spray pumps and all 
l eo loop selection logic resulting in ECCS flow 

recirculation loop.

ýurves (Figures 10 and 11 of Reference 19) depicting the QCNPS 
it pressure and temperature response; and also provided curves 

losure 2 to Reference 50) for both short term and long term NPSH, 
credited 'pressure, and available pressure. The licensee's analysis 

-)0 seconds sufficient NPSH is available. The licensee noted that 
lined and procedures include cautions concerning ECCS pump NPSH 

itainment pressure. After 600 seconds, the licensee assumes that 
i/throttle ECCS flows to restore NPSH.

Pu•mpcavitation for the brief time from 290 seconds until 600 seconds is not of concern due to 

the short duration of cavitation. The licensee performed successful ECCS pump cavitation 

testing on a QCNPS RHR pump, under test conditions which were more severe than pump 

operational conditions analyzed for EPU. This testing had previously been used to justify 

acceptance of ECCS pump cavitation at DNPS for a period of 260 to 600 seconds (Amendment 

Nos. 157 and 152 for DNPS Units 2 and 3, respectively, issued April 30, 1997). The staff finds 

that the brief pump cavitation, as described above, is acceptable for QCNPS.

r
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The licensee calculated the amount of containment pressure credit needed to satisfy their 
ECCS NPSH requirements for the EPU using the methodology and assumptions described 
above for the limiting short-term case and for the long term flow rate required for adequate core 
and containment cooling. The long term ECCS flow rate required to maintain adequate core 

and containment cooling after EPU is 9,900 gpm. This flow rate is provided by one core spray 
pump operating at 4,900 gpm and one RHR pump operating at 5,000 gpm.

The EPU does not increase the operating pressures in the 
it is not expected that a LOCA under the new uprate opera 
significantly more debris than at existing licensed power le 
(Reference 23), the licensee committed to perform calcUIal 
and submit a description of the methods and the resulis to 
were provided in Attachment B to the licensee's Septembe

The licensee's analysis for suction strainer head loss 
generated during a LOCA, the quantity of the debris t 
transport of the debris within the suppression poolto 
for the transported debris, and the associated headI 
term and long term debris generation and transport f 
metal insulation, consistent with the particular straine 
The licensee's revised methodology is consistent witi 
Guidance for ECCS Suction Strainer Blockage and t[ 
Report contained therein (Reference 61). The resulti 
were used as input to the NPSH required for ECOS p

Based on 
staff conc

of the 
iat te n 
CNPS.

evalual 
-ontainm

the sti 
)ss. T 
Dr fibrc

3e 

ng 
Urw

plant',, 
ting co 
vels. I 
:ions 0 
thk NI

)n 
n1

piping; therefore, 
I generate 
ýe to the staff

IIIt-- IU%,LIUI I ZLI 

RC for QCNPS 
'001, submittal

3ms 
e 50).

-nined the quantity of the debris 
orted to the suppression pool, the 
rainers, the filtration of the strainers 
*he license•' ssessed both short
)us materials, sludge and reflective 
netry and plant-specific features.  
;uidance in the Utility Resolution 
ociated NRC Safety Evaluation 
mnt-specific strainer head loss values 
as discussed above.

n audit of the associated calculations, the 
-pressure credit for ECCS pump NPSH is

4.3 Emer •ECCS•I Performance Evaluation

The EC 
the prin 
models

nary system pil 
must satisfy th

"le protection against postulated LOCAs caused by ruptures in 
ECCS performance under all LOCA conditions and the analysis 

ments of 10 CFR 50.46 and 10 CFR Part 50, Appendix K.

see performed the LOCA analysis at 102 percent of the EPU RTP, using GE-14 fuel.  
S-LOCA analysis was based on the NRC-approved methodology (SAFER/GESTR).  
3ee determined the licensing basis PCT at the current rated core operating conditions 
standard adder required by the SAFER/GESTR methodology to account for 
tes. For the EPU conditions, the licensing basis PCT, based on the limiting GE-14 
n, is less than 10 OF higher at rated core flow than the pre-EPU PCT.

For SLO conditions, the licensee applied a multiplier to the normal two loop operation 

MAPLHGR limits. The licensee stated that the multiplier to the MAPLHGR for the SLO ensures 
that the SLO nominal PCT is less than the PCT for the nominal two loop operation.

fuel

EC S . . . . o a c . ............

;(

a.n 
IIC
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Attachment 1 discusses the findings from the staff audit of these calculations and the licensee 
response.

The licensee determined that the ECCS performance under LOCA conditions and the analysis 

models satisfy the requirements of 10 CFR 50.46 and Appendix K.

As part of the EPU review process, the NRC staff audited the QCNP,' 
focused on the GNF use of the LOCA codes and their applicability to 

staff examined DRFs describing both the pre- and post EPU LOCA a 
following observations:

1. The analyses were based on the NRC-approvE 
followed NRC-approved process in performing

WFER/GESTR methl 
ECOS-LOCA analys

ialysis. The staff 
IS EPU. The 
nd made the

GNF

2. QCNPS was closely involved in the developmE 
required by GNF in developing the model. '

3. The ECCS-LOCA analyses results shi 
10 CFR 50.46.

pecific information

ements of

4. The GNF method for single Io1 
operation. The staff had ques 
responded that any uncertaint 
for by the conservative nature 
analysts to derive conservativ 
this explanation and concurs

operauon use 
ned this appro 
ntroduced by 
f the SLO appl

e SL 
with

s statistical adders derived from RTP 
3achin a prior audit and GNF had 
using these values would be compensated 
cation procedure. This procedure leads 
ý. After further review, the staff accepts 
iclusion.

The staff cor 
and Appendi 
methods and

4.4

men
EGCCS-LOCA performance complies with 10 CFR 50.46 
at the analyses were performed with NRC-approved

t System (SGTS)

The SGTS is designed 
through the plant chim 
from primary containrn 
to provide a negative d 
environment of attleas

to process the secondary containment atmosphere and exhaust it 

ney to limit the release to the environment of radioisotopes that may leak 

ent under accident conditions. The capacity of the SGTS was selected 
ifferential pressure between secondary containment and the outside 
0.25 inch of water. The licensee stated that this capability is not

U.

The licensee stated that the SGTS charcoal filter removal efficiency of 95 percent for 

radioiodine is not affected by the EPU. Post-LOCA total iodine loading increases from 

6.0 mg/gm to 11.8 mg/gm of activated carbon at EPU conditions, using conservative RG 1.3 

assumptions for the iodine chemical form and transport within containment. Despite the 

increase in iodine loading as a result of the EPU and 24-month fuel cycle, test work at high 

iodine loading supports filter removal efficiencies in excess of 99 percent at 60 mg/gm. Based

%Ij
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on (RG) 1.3, the iodine release is assumed to be primarily composed of elemental and organic 

iodine that require treatment using activated carbon filtration.  

In response to the staff, the licensee stated (Reference 24) that an industry study demonstrated 

charcoal filter removal efficiencies of over 99-percent for elemental iodine (which makes up 91

percent of the evaluated inventory) can be achieved with iodine loading as high as 60 mg/gm, 

even under adverse waterlogged conditions. The licensee further stated that fr organic iodine 

(which makes up 4-percent of the evaluated inventory), an industry stiudy emonstrated filter 

removal efficiencies of 99-percent with iodine loading as high as 4.4 Vrng/m..This is 

approximately a factor of ten higher than the organic iodine loading of 0.4 mg/gm for the EPU.  

Therefore, the charcoal loadings from both elemental and organic iodine at EPU conditions are 

well below values that yield a filter removal efficiency of.at least 99-percent. In addition, the 

design basis high-efficiency particulate air (HEPA) filte efficiency of 99-percent for removal of 

particulate iodine is not affected by the small increase in iodine loading at EPU conditions.  

In order to obtain reasonable assurance of the licensee's assertionsthe staff reviewed Oak 

Ridge National Laboratory (ORNL) reports ORNL-4180, "Removal of Radioactive Methyl Iodide 

from Steam-Air Systems (Test Series II)," dated October 1967, and ORNL-TM-2040, "Removal 

of Elemental Radioiodine from Flowing Huid Air by Iodized Charc "dated November 2, 

1967. The staff found that the licensee's assertions are consistent with industry studies.  

The licensee stated (Reference 24) that the testing and maintenance criteria for SGTS filters 

based on RG 1.52 (Revision 2) continue to be met in accordance with plant regulatory 

requirements. '.. L.  

The licensee stated that the arount of coong airflow needed to limit the temperature increase 

of the chat-coal adsorber due to fission product decay heating is affected by the EPU. However, 

although theminimur cooing airflow increased from 48 scfm to 74 scfm, it is well below the 

available design flow of 300 scfm..The licensee stated that no other SGTS parameter is 

affected by the EPU.  

Based on the staffs review of the licensee's rationale, and the experience gained from review 

of power uprate applications for other BWR plants, the staff concludes that the EPU does not 

adversely affect operation of the SGTS.  

4.5 Other Engineered Safety Features Systems 

4.5.1 Post-LOCA Combustible Gas Control System 

The licensee indicated that the post-LOCA control of hydrogen and oxygen concentrations is 
provided by the combustible gas control system (CGCS). The CGCS consists of several 

subsystems: the primary containment inerting system, the nitrogen containment atmosphere 

dilution (CAD) system, the containment atmosphere monitoring system, and the augmented 
primary containment venting system. The CGCS is designed to maintain the post-LOCA 
containment atmosphere below hydrogen flammability limits by controlling the concentration of 

oxygen to not exceed 5 percent by volume. Design of the system is based on the production of



-39-

hydrogen from (1) metal-water reaction of active fuel cladding, (2) corrosion of zinc and 
aluminum exposed to water during a postulated LOCA, and (3) radiolysis of water. The EPU 
only affects post-LOCA production of hydrogen and oxygen from radiolysis, which will increase 
in proportion to the EPU power level. The hydrogen contribution from metal-water reaction of 
fuel cladding is additionally affected by the fuel design change. Therefore, the analysis 
considers the impact of GE-14 fuel on metal-water hydrogen production.

In Reference 19, the licensee supplemented its initial appli 
related to CGCS operation varying with time after a LOCA 
hydrogen generation rates, hydrogen and oxygen concent 
dilution), cumulative nitrogen usage, and containment pre, 
injection).  

The licensee indicated that the time required to reach the 
LOCA, based on 1-percent per day containment leakage, 
reactor power to 19 hours for EPU reactor power with GE
required for nitrogen CAD system initiation does notaffect 
respond. Therefore, the CGCS retains its capability of me 
controlling oxygen concentration following thepostuated•

lhe pa 
ions (v

of parameters 
ihed included 
-it nitrogen

ana

I 19 I U ý:' 

the abifi 
eting its 
..O0A.

oxygen limit following the 
s.from 25 hours for current 
flis reduction in time 

otheoperators to 
lesian basis function of

Evaluation of the nitrogen requiremi 
5 percent flammability limit for 7 day 
increases to 141,000 scf for EPU re 
has a minimum stored nitrogen cap 
days of post-LOCA operation. The 
pressure buildup as a result of CAD 
31 psig (50 percent of the design pr 
satisfies the minimum 30-day acc%

In a letter da 
explained wl 
the recent c 
not reqire ti 
the current Ii 
requirement,

ition d• 
CAD 
des. n

ie add 
censin 
; were 
ated Ju 
systerm 
otwith

ents to maintain the containment atmosphere below the 
7s •ost-LOCA shows that the minimum stored volume 
actor power. The licensee indicated that the CAD system 
acity of 200,000 scf, which is sufficient to accommodate 7 
licensee additionally calculated that the containment 
systemnoperation shows that the operating pressure limit of 
essureisnot reached until 32 days after the LOCA. This 
•tance limit for containment pressure buildup.

gust 13, 2001, providing additional information (Reference 23), the licensee 
should not be added for the CAD system. The licensee noted that during 
on to BWR improved Standard Technical Specifications (ISTS), the staff did 
itioi of ISTS 3.6.3.4 for the CAD system because the system was not part of 
g basis for QCNPS. Additionally, the licensee noted that no new TS 

deemed necessary since the staff had previously determined, in a safety 
uly 8, 1996, that it was acceptable to control operability requirements for the 
in licensee-controlled procedures and administrative controls. The staff 

standing the slightly increased oxygen generation rate following EPU and the 
n generation associated with GE-14 fuel, that TSs are not needed for the

In response to the staff, the licensee addressed the capacity of the containment hardened vent 
considering EPU conditions (Reference 19). One of the design inputs for the hardened wetwell 
vent was the ability to exhaust energy equivalent to 1 percent RTP. The design of the 
hardened wetwell vent was based on the current power level. Based on the as-built design, the 
hardened wetwell vent will exhaust approximately 0.85 percent at 2957 MWt. The licensee
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indicated that the primary objective of the hardened wetwell vent is to preclude primary 
containment failure due to overpressurization, given a loss of decay heat removal event. Using 
the EPU decay heat curve, 0.85 RTP is reached at approximately 5.6 hours. In a loss of decay 
heat removal event, the containment will not reach the primary containment pressure limit until 
20 hours. Therefore, the design of the existing hardened wetwell continues to be acceptable for 
preventing containment overpressure at the EPU conditions.

In Reference 23, the licensee addressed the EPU effect or 
(drywell-suppression pool differential pressure) and on TS 
Operation 3.6.3.1 (primary containment oxygen concentrat 
Mode 1 from 24 hours after exceeding 15 percent RTP on 
reducing RTP below 15 percent for a shutdown. The licen.  
value relates to the window for relaxed deinerting requirem 
The basis for the relaxation remains the low probability of , 
during these time periods and would remain applicable witl 
percent higher.  

Based on a review of the licensee's rationale, the staff con 
15 percent RTP should be retained for TSs3.2.5 and 3.C 

Based on the review of the licensee's r•tionale ard evalua 
operations at the proposed uprate power level, combined 
minor impact on the post-LOCA combustible g control s 
atmosphere dilution system will remain acceptable.  

4.5.2 Main Control Room .Atosphere Control System (N

Limiting 
ion). Th 
a startus

le in

ted that the 15 percent RTP 
or the primary containment.  
tit that generates hydrogen 
ew.EPU RTP, which is 17.8

Jludes 
3.1.

erences to

tionthe staff concludes that plant 
vith use of GE-14 fuel, will have a 
(stem and the nitrogen containment

•ICRACS)

The MCRAC 
radioisotopeý 
The capacity 
(CREVS) in; 
the outside e 
room.

sse,
trol
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itrol room intake atmosphere to limit the release of 
ithat may leak from containment under DBA-LOCA conditions.  
iso called the control room emergency ventilation system 
a positive differential pressure between the control room and 
nize the potential for unprocessed in-leakage into the control

The liýcensee stated that the increase in heat gain to the control room resulting from the EPU for 

both normal and emergency modes is insignificant. By letter dated August 14, 2001 (Reference 

24), in response to the staff, the licensee explained that the heat load increases resulting from 

the EPU do not adversely impact the MCRACS, since these increases occur outside the control 
room areas. Major control devices in the control room remain unchanged. The small electrical 

currents tra ' nsnitted to some indicating devices in the control room increase because of higher 
process temperature and electrical loads. The associated minor heat load increases from these 

electrical signals have an insignificant effect on the pre-EPU design margin of the MCRACS in 
both the normal and the emergency modes.

The licensee stated that the only EPU effect on the MCRACS results from an increase in the 
radioiodine released during a DBA-LOCA. The licensee evaluated the effect of the EPU, in
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combination with a 24-month fuel cycle, on the post-LOCA iodine loading of the control room 

charcoal filters. The post-LOCA iodine releases collected on the control room intake filters at 

EPU conditions was estimated using the 0-2 hour X/Q values for the entire duration of the 

event, assuming no deposition or holdup of iodines in the main steam lines or in the secondary 

containment. Despite the increase in iodine loading as a result of the EPU and 24-month fuel 

cycle, the iodine loading on the control room filters remains a small fraction of the RG 1.52 

allowable limit of 2.5 mg of total iodine (radioactive plus stable) per gram of activated carbon.  

Therefore, the control room filter efficiency is not affected by the EPU. The licensee stated that 

the technical support center (TSC) is not affected by the EPU.

In response to the staff (Reference 24), the licensee dE 
assumptions utilized in determining the effect of the EF 
post-LOCA iodine loading of the control room charcoal 
provided by the licensee, the staff concludes that the e 

acceptable. The licensee also pointed out that the iodi 
QCNPS is calculated to be 2.26E-3 mg of total iodinep 
this iodine loading is a small fraction of the above desiý 
licensee further stated that the control room filter effiCiE 

MCRACS HEPA and charcoal filters continues to be e 

The licensee also stated in Reference 24 that the exist 
requirements and guidelines included in the design ba( 
the EPU. The requirements and guidelines include 10 
RG 1.52 (Revision 2), and Standard Review •an 6.4.  
are also met.
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licensee's rationale, and the experience gained from review 

her BWR plants, the staff concludes that the EPU does not 
ie MCRACS.

4.5.3 Stai

nsee stated (R( 
he staff reache

INSTRUMEN-

clear

49) that the standby coolant supply system is unaffected by 
"ie conclusion.

ION AND CONTROL

SuoDlv System and Balance-of-Plant Monitorinq and Control Systems

For the proposed power uprate, each existing instrument of the affected NSSSs and BOP 

systems was evaluated by the licensee to determine its suitability for the revised operating 

range of the affected process parameters. Where operation at the power-uprated conditions 

impacted safety analysis limits, the evaluation verified that the acceptable safety margin 

continued to exist under all conditions of the power uprate. Where necessary, setpoint and 

uncertainty calculations for the affected instruments were revised. Apart from a few devices 

that needed to be changed, the licensee's evaluations found most of the existing

The 
EPL

Supl Syte an Bal -c- l -tM ntrn n oto ytm

rawl



-42-

instrumentation acceptable for the proposed power uprate operation. The evaluations resulted 

in the following changes:

Modify the tripping logic of the fourth condensate pump on LOCA to allow the continued 

use of the FW pumps.

Implement reactor recirculation pump runback on loss of FW 
condensate pump to reduce the potential for a scram on reat 
allow continued operation.  

Replace the APRM flow control trip reference card to add the 
APRM flow-biased rod block.  

Install an additional steam line steam resonance compensatc 
attenuate third-order harmonics in the electrohydraulic contrc 
reduce electrical noise in the system.  

Replace the main steam line flow/high differential pressure in 
accommodate the new setpoint. 

Expand the indicating range on various control room and in-p

Replace the offgas condE 
new span.

In additior 
condense.

These charig 
concludes th 
the next refu 
the proposec

iese chan 
ý delay rel

made tc 
... abov

PUwVU1

)f a 
r level and

clarr

card designed to 
system and thereby

switches to

'lant instrumentation.

"outlet gas temperatur-e switches to accommodate the

insistE
Ement a setpoint change for the isolation 
ie power uprate analysis.

accom modate the revised process parameters. The staff 

e-noted modifications and changes are implemented during 

)CNPS instrumentation and control systems will accommodate 

J are acceptable.

5.2 .instrument.

r Protection 
ientation TO

i/Encqineered Safety Features Actuation System 
)int and Allowable Values

The instrumentation setpoints are determined based on plant operating experience, 

conservative li.ensing analysis, and/or limiting design and operating values. The licensee 

stated that the instrumentation setpoints in the QCNPS TS are established using the GENE 

setpoint methodology for the APRM setpoint and the Exelon setpoint methodology for the 

others (References 39 and 40). Each setpoint is selected with sufficient margin between the 

actual trip setting and the value used in the safety analysis (the AL) to allow for instrument 

accuracy, calibration and drift. To avoid inadvertent initiation of the protective actions (spurious 

trip avoidance), sufficient margin is established, whenever possible, between the actual trip

iodolocqy
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setting and the normal OL (Table 5-1 of Reference 2). If the AL does not change based on the 

results of the EPU safety analyses, then the associated plant setpoints and the nominal trip 

setpoints do not change.

The staff has previously reviewed both of these instrument setpoint methodologi 
them acceptable for establishing new setpoints in power uprate applications. Hc 
was concerned about the reduction of margin between the instrument setpoints 
allowable values and ALs, and in a conference call on May 16, 2001,thstaff re 

licensee to provide changes in instrument setpoints and allowable valuefsalong 
Table 5-1 of the licensee's Safety Analysis Report (Reference 2). In its respons 
15, 2001 (Reference 16), the licensee provided the table containing instrum.ent 
allowable values and ALs. Based on the review of this table, the staff has deteri 

proposed power uprate will not result in any significant reduction of margin. The 
finds the licensee's response acceptable.

The proposed setpoint changes resulting from the power upratear 
existing margins between operating conditions and the reactor trip 
significantly increase the likelihood of a false trip or failure to trip uj 

existing licensing basis is not affected by the selpoint changes to a 
uprate. 4' 9'

es and found 
wever, the staff 

and the 
quested the 
with the ALs in 
e dated June

,iah tne 
the staff

nded to maintain 
iints and do not 
ýmand. Therefore, the 
modate the power

5.3 TS Setpoint Changqes F

The following TS changes have

1. TS Section 3.3.1

ha,
The 

e ARFsuper 
the re

2. " TS Section 3.3.  
Functions 8 anc

Upr

by tl nsee:

1.1.2

ed to remove the reference to TS Section 3.2.4, which requires 
S:I gain and setpoint adjustment requirements are 

' p.wer-and flow- dependent limits. The staff's evaluation of 
"n 3.2.4 is discussed in Section 9.2 -.274 of this SE. On this 
licensee's proposed TS change to be acceptable.

3.3.1.1.13, Required Action E.1, and TS Table 3.3.1.1-1,

The licensee has proposed to reduce from 45 percent to 38.5 percent the percentage

of-RTP value corresponding to the power level where the reactor protection system 
(RPS) trips on turbine stop valve (TSV) or on turbine control valve (TCV) fast closure is 

automatically bypassed. The licensee's justification of this change is that these scram 

signals are automatically bypassed at a low power level when the turbine bypass steam 

flow capacity is sufficient to mitigate a TSV or TCV closure transient. Because the 

turbine bypass capacity is not being changed by this EPU, the corresponding 

percentage of RTP is being revised to maintain the current thermal power value in MWt, 

corresponding to the existing bypass steam flow capacity. On this basis, the staff finds 
the licensee's proposed TS change to be acceptable.
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3. TS Table 3.3.1.1-1, Function 2.b 

The licensee has proposed to revise the APRM flow-biased scram equations for reactor 

recirculation two-loop and single-loop operation. The licensee has also raised the 

allowable value for the clamped portion of the APRM flow-biased neutron flux high from 

_• 120 percent to _• 122 percent. The staff's evaluation of the clamped portion of the 

allowable value is discussed in the next item of this safety evaluation, The APRM flow

biased trip function provides protection against transients where thermal power 

increases slowly. This function also protects fuel cladding integrity by ensuring that the 

MCPR safety limit is not exceeded. Because of the lower scr " ...trip setpoint, the APFRN 

flow-biased trip will initiate a scram before the clamped allowable valuels eached 

during any transient event that occurs at a reduced recirculation flow. These changes 

are necessary to ensure consistent operation with the MELLLA power/flow map. The 

staff's review of the MELLLA power/flow map is documented inSection 2.3.1 of this SE.  

Based on the acceptance of the operation with the MELLLA power/flow map, the staff 

finds the licensee's proposed TS change to be acceptable.  

4. TS Table 3.3.1.1-1 Functions 2.b and 2......  

The licensee has proposed to revisethe clamped portion of the allowable value (AV) for 

the APRM flow biased neutron fluix high fro•m •120 percent to •122 percent. The 

transient analysis for the power uprate is based on the analytical limit of 125 
percent RTP. The APRM setloint calculations determined that based on this analytical 

limit (AL), an AV of 122 percent is appropriate and ensures that the AL is maintained.  

On this basis, the staff finds the lic ensees proposed TS change to be acceptable.  

5. TS Table 3.3.1.1-1 Function 10 

The licensee has proposed to revise the AV for the turbine condenser vacuum-low 

scram'setpo.nt. The licensee has not revised the AL for this function. Since the staff

accepted setpoint methodology has been used to calculate the AV, the transient 

analyses are notaffected by this change. On this basis, the staff finds the licensee's 

proposed TS change to be acceptable.  

6 TS Table 3.3.6.1-1. Function 1.d

The licensee has proposed to increase the AV for the main steam line flow - high 

isolation function. Since the flow restrictors do not change the maximum steam flow, the 

.roposed change decreases the difference between the AV and the maximum flow.  

The purpose of this instrumentation is to provide protection against pipe breaks in the 

main steam line outside the drywell. For a complete severance of one main steam line, 
steam flow increases almost instantaneously to the maximum rated steam flow as 

limited by the flow restrictors. Thus, the present and proposed setpoint would be 

attained virtually at the same time and the consequences of the main steam line break 

remain unchanged. On this basis, the staff finds the licensee's proposed TS change to 
be acceptable.
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7. TS Table 3.3.7.1-1, Function 3 

The licensee has proposed (Reference 26) to revise the AV for main steam line flow 
high from percent of rated steam flow to units of psid. The proposed change preserves 
the same AV in terms of percent of rated steam flow. However, because of the increase 
in rated steam flow at the EPU, the proposed change increasesthe actual mass flow 
rate of steam required to actuate the isolation function. Also, since the flow restrictors 
maintain the same maximum steam flow following a steam linbreak, the proposed 
change decreases the difference between the AV anid the maximumflow. However, 
because the purpose of the main steam line flow- high is to isIate themaia steam line 
for a pipe break outside the drywell, the steam flow increases almost instantaneously to 
the maximum flow allowed by the flow restrictors. Thus the change in setpoint does not 
impact the allotted time, and the consequences of a design basis main steam line break 
remain unchanged with the change in high-flow setpoint. On this basis, the staff finds 

the licensee's proposed TS change to be accept•b •e.

Based on the above review and justifications, the 
setpoint methodology and the resulting TS set 
with the QCNPS licensing basis and are, therefor 

6.0 ELECTRICAL POWER AND AUXILIARY 

6.1 AC Power 

6.1.1 Offsite Power System

f concludes 
,anges for tl

censee's instrument 
uprate are consistent

The staff 
uprate or 
electrical

6.1.1.1 Grid.

The lI 
for th 
outoi

censee perfor 
QCNPS po' 
demonstrat 

and offsite e 
is no signific 
PU that woul

videdd infor 
lower.

by the licensee to determine the impact of the power 
in the review were grid stability analysis and related

Ilysis

rmed a grid stability uprate review to determine the adequacy of grid stability 
ver uprate. The grid stability studies, considering the increase in electrical 

ed conformance to 10 CFR 50, Appendix A, GDC 17. GDC 17 addresses 
lectrical supply and distribution systems for safety-related components.  
ant effect on grid stability or reliability. There is no modification associated 
d increase electrical loads beyond those levels previously included or revise 
the distribution systems.

The staff requested that the licensee provide details about the grid stability analysis, including 
major assumptions and results and conclusions of the analysis. In response to the staff 
request, the licensee stated (Reference 9) that GE Power Systems Energy Consulting 
performed a study using a relative approach to determine the impact of the proposed plant 
uprates on the performance of the power system. System performance at the current plant 
outputs was determined first in order to establish the benchmark. Then the system
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performance with both units uprated was determined and compared to the benchmark. Both 
power flow and stability analyses were performed. The power flow analyzed the branch loading 
and bus voltage levels under normal and contingency operating conditions. The stability 
analysis evaluated both first-swing stability and system damping. A variety of disturbance 
scenarios were analyzed, including single transmission line outages, single generating unit 
outages, double transmission line outages, double generating unit outages, and combined 
transmission line and generating unit outages. The amount of reactiveepowre., MVAR) in 
the system for available support was also studied. It is expected that compensating measures 
will be required for MVAR support at certain times. Implementation cf these.compensating 
measures will be in accordance with the interconnection agreements andwilbe accomplished 
following completion of the current study by the Transmission and Distribution entity of the 
Exelon Energy Delivery Company (EDC). o

The GE study for transient stability concluded that for all 
was stable with damped oscillation. The GE study for pc 
EDC power grid will accommodate the uprate power flov 
and winter peaks. As the power uprate implementation 
Distribution entity of EDC is reviewing the impact of the i 

configured. Resolution of any issues discoyveed during 
prior to operation at power uprate. The EDO System F 
that adequate voltage is maintained at the QCNPS switc 
shutdown. This assures that offsite power will be availal 
requirements of Appendix A to 10 CFR Part 50.

The licensee stated (Refer( 
approved the connection ci 
These are the.units that wil 
early 2002. The approval o 
of the remaining units will h 
Additional MVAR Suppo•rtc 
system (i.e., either Exelon 
MW output and increase th

Ba 
up

on its review of 
at QCNPS will r 
asonable assure

"an

iroac 
ate o 
se re

enarios, system performance 
vanalysis concluded that the 
e planned 100 percent summer 
lies, the Transmission and 
n the power grid as currently 
views vill be accomplished 
and Operating Guide ensures 

,ith either or both units 
E units to meet the

8) that th .transmssion and distribution entity of EDC has 
prated DN•S Unit 2 and QCNPS Unit 2 to the power grid.  
ect to the grid under EPU conditions in the years 2001 and 
that sufficient MVAR support will be available. The approval 
iined before the additional load is supplied to the grid.  
accomplished by having any of the generating units on the 
ation Company (EGC), LLC, units or other units) reduce their 
/AR output.

licensee's evaluation, the staff concludes that the proposed power 
adversely affect the grid stability and reliability. Therefore, the staff 

e that GDC 17 will be met for the EPU condition.

Pnc1 ctrical Systems

The licensee performed a power uprate review to determine the adequacy of electrical systems 
associated with the main turbine-generator auxiliary systems. The staff reviewed the following 
electrical systems:

6.1.1.2.1 Main Generator
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The existing main generator is rated at 920 MVA (828 MW), 0.90 power factor, 18 kV. After 

uprate the expected generator output will be 960 MVA (912 MW) at 0.95 power factor. The 

licensee stated (Reference 57) that the General Electric Company evaluated the main 

generator for EPU conditions and determined that the generator was acceptable for operation 

at 970 MVA provided that stator heat removal capability was increased. Subsequent plant

specific measurements and analysis determined that existing cooling capability will 
accommodate EPU conditions. The staff's review determined that the electrical system's 

configuration and operating voltage ranges are unchanged and remain adequate for operation 

at the higher output.  

6.1.1.2.2 Isolated Phase Bus Duct / 

The existing isolated phase bus duct rating is 33000 amps for the main section and 2000 amps 

for the branch section. The maximum current output is 32,413 amps (960MVA/ 

[1.7321x18x0.95]) using generator output of 960 MVA and 95 percent of 18 kV. The staff 

concludes that the isolated phase bus duct is adequate for both rate.voltage and low-voltage 
current output.  

6.1.1.2.3 Main Transformer 

The existing main transformer rating is 985 MVAIfr Unit 1 and 952 MVA for Unit 2. The main 

power transformers and the associated switchyard components are adequate for the uprated 
output.  

Thus, the turbine-generatorand major electrical components extending from the isolated phase 

bus to the switchyard remain adequate for opertion at the higher output and GDC-17 will 

continue to be met.  

6.1.2 Onsite Power Distribution S 

The onsite power distribution system consists of transformers, buses, switchgear, and 

distribution panels. The alternating current (ac) power to the distribution system is provided 

from the transmission system or the onsite emergency diesel generators. Station batteries 

provide direct current (dc) pwer to the dc distribution system. Station loads under normal 

"operation and distribution conditions are computed based on equipment nameplate data and 

the calculated brake horsepower with the actual diversity factor applied. The only significant 

change in electrical load demand is associated with the condensate and booster pumps, reactor 

reirculation pumps, FW pumps, and condensate demineralizers. The increased flow due to 

uprate conditions requires energizing the installed spare (third) FW pump, energizing the 

installed spare (fourth) condensate and booster pump, and increasing the operating point for 

the two reactor recirculation pumps. Design basis calculations show that these additional loads 

result in acceptable operation of the electrical auxiliary system during normal startup and 

operation with two auxiliary transformers in service. However, operation at EPU conditions on a 

single transformer (due to unavailability of another transformer) exceeds the non-safety 4160V 

switchgear short-circuit rating, transformer winding rating, and bus duct rating. A fast transfer 

to single transformer operation at EPU conditions would create the same situation. To address
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this potential operational problem, the licensee will institute a procedurally controlled load 

shedding scheme to be implemented within 1 hour of a fast transfer. This approach will be 

confirmed by thermal analysis or an engineering evaluation to address the overload conditions 

for the auxiliary transformers, the bus duct, and related connections. In response to the staff's 

concern about the operation of all loads on a single transformer, and as a result of overloading 

the transformer and exceeding the non-safety 4160V switchgear short circuit rating and bus 

duct rating, the licensee stated (Reference 56) that the loads fed fromthe nd RAT include 

both safety-related and non-safety-related equipment. For EPU, with thefransfer of loads to 

one transformer, a potential overload occurs only when all the equipment for full power EPU 

operation continues to run. The licensee evaluated the transformers, the switchgear, load 

breaker, and the protective relay settings as follows: .

The UATs and RATs were designed to ANSI/ Institute 
(IEEE) C57.12, "Standard for General Requirements f 

Power Regulating Transformers." For EPU conditions 
accordance with ANSI/IEEE C57.92-1981, "Guide for 
Transformers Up to and Including 100 MVA," and AN, 
Mineral-Oil-Immersed Transformers Revision of IEEE 
C57.115-1991, "for loading beyond the namplate rat 
temporary overduty of 125 percent of nameplate ratin( 
loss of transformer life. The EPU condition, in which E 
transformer, requires the affected transformer tosupp 
rating. Thus, operation of the transformer, with the ov 
acceptable for at least two hours. The connections (i.  
and the switchgear were supplied by General Electric 
for this condition demonstrates that the connections.  
at least two hours.

The licensee* 
fed from the F 
calculations f(
from the UAT, a bus 
transformer prior to 1 
control room alarms 
transformer. For EP 
operator action to re 
loads, involves simp 
FW..qndfor condens

•111 
ly 
'er 
e..

Electrical and Electronics Engineers 
Liquid-Immersed Distribution and 
ie transformers were evaluated in 
ading Mineral-I4-Immersed Power 
IEEE C57.911995, "Guide for Loading 
d. C57.92-1981 and IEEE Std.  
). These standards allow for a 
or two hours without any damage or 
running loads are fed from one 
only 120 percent of its nameplate 
duty caused in this scenario, is 
bus duct) between the transformers 
)mpany. A GE evaluation performed 
be able to carry the increased load for

stated that,.based on load calculations for DNPS Unit 2, when all loads are 

e voltages maintained at the buses are at acceptable levels. Preliminary 
emaining units indicate similar conditions. However, when all loads are fed 

updervoltage may occur depending on the voltage maintained at the 

the transfer of loads. Operator actions for this scenario are initiated by 

Main control room alarm will indicate a transfer of loads to one 
U operation, the alarm response procedures will be modified to require 

duce transformer load within one hour. This action, to reduce electrical 

le actions such as reducing reactor recirculation flow and securing excess 

ate pumps. The one-hour time was selected as a reasonable time for 

tion and yet remain within the two hours of acceptable operation, indicated

E

In addition, a bus undervoltage alarm will occur if bus voltage reaches a nominal setpoint of 

94 percent of the rated bus voltage due to the temporary overload condition. The undervoltage 

alarm starts a five minute timer. If voltage is not restored within five minutes, the undervoltage 

relay will actuate and strip loads from the bus. The operator actions to restore voltage are 

described in alarm response procedures and are unaffected by EPU. These actions involve
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either raising main generator output voltage or requesting the system power dispatcher to raise 
grid voltage. These actions are procedurally directed and are integrated into the operator 
training program.

To address the potential operational problem due to the switchgear overduty con 

upgrade the switchgear and breakers to a higher momentary current rating will b 
and a time delay of about six cycles on the short-circuit interrupting will be imple.  
response to the staff's concern regarding a test to upgrade the switchgear and bi 
higher momentary current rating, the licensee contracted Pacific Breake ystemr 
specify the testing, procure the equipment, and perform the tests. Theficensee.  

adequate details regarding the tests. The licensee is currently working with GE I 
Systems Division to provide the modifications and perform the final momentary t 

successful tests, the bracing will be modified in the field. The licensee stated (R 

that GE Industrial Systems Division performed the momentary rating test. The tE 
current that had a first peak of 154.3 kA for 17 cycles before being interrupted by 
breaker. The test was successful in demonstrating that, with the modified bracin 
switchgear and the breaker can meet the EPU momentary current requirements 
the first peak. The bracing of the switchgear f"orthe load cubicles will be modifie, 
tested configuration. The six-cycle time delVo the short circuit interpting cai 

load breaker will be accomplished by disconnectingthe instantaneous trip from tI 
protection for the load breakers. The licensee stated (Reference 56) that the ov 

protection for the load breakers is provided by GE type IAC 66M relays that inclu 

instantaneous overcurrent setting and a high.dropout setting with a time delay.  

instantaneous overcurrent relay for the load breakers for buses 11, 12, 21, and a 
will be disconnected, leaving the high dropout feature, which will actuate after a 

0.1 second) time delay. Basedon ANSUI'EE C5712, the UAT and RAT can pr 

circuit cu.rrentfor two seconds without damage Based on the protection schemi 
curves, the capability of the 4kV bus duct to withstand the short circuit current is 

by the six cycle time delay. Thusthe vercurrent relays still provide adequate p 
remaining portions of the protective rel.ying were not changed for EPU. The co 
between the main breaker to the switchgear, motor feeds, the bus duct capabilit 
transform capabilitv is maintained.

•nally, a review 
Sperformed to
Ts request for 
e provided det

dition, a test to 
e performed 
-nented. In 
reaker to a 
is, Inc., to 
rovided

est. After 
eference 18) 
ast applied 
'the station 
g, the 
of 151.5 kA for 
d to reflect the 
pability of the 
he overcurrent 
ercurrent 
ide 
"lhe 
22 for QCNPS 
six cycle (i.e., 
ovide the short 
e coordination 
not affected 

rotection. The 
ordination 
y, and the

of the 4160 V bus and auxiliary transformer overcurrent relay setpoints 

ensure proper settings for operation at EPU conditions. In response to 

additional information regarding relay setpoints and coordination, the 
ails (Reference 9). The licensee stated that the existing settings will 
no changes are required.

The staff findsthat the licensee has provided adequate evaluations of the transformers (UAT 

and RAT), the switchgear and load breakers, and protective relay settings for EPU conditions 

when the loads are transferred to one transformer. Additionally, for the above condition, the 

alarm response procedures will be modified to require operator action to reduce transformer 

load within one hour. Based on this, the staff concludes that there is reasonable assurance that 

UAT and RAT, non-safety 4160V switchgear, load breakers and protective relays will perform 

satisfactorily during single transformer operation at EPU conditions.

Ad( 
wil
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The licensee stated that no increase in flow or pressure is required of any ac-powered ECCS 

equipment for the EPU. Therefore, the amount of power required to perform safety-related 

functions (pumps and valves loads) is not increased with the EPU. The existing diesel 

generator load calculations are unchanged by the uprated conditions, and the current 

emergency power system design remains adequate. The system has sufficient capacity to 

support the required loads for safe shutdown, to maintain a safe-shutdown condition, and to 

operate the required engineered safety feature equipment following a postulated accident.  

Thus, the staff concludes that the power uprate has no impact on the emrgency onsite powerF 

system.  

6.2 DC Power 

The staff has reviewed information provided by the licensee to determine the impact of the EPU 

on the dc power system. The dc power distribution system provides control and motive power 

for various systems and components in the plant. Thelicensee noted that system loads are 

computed based on equipment nameplate data. Operation at the EPU RTP level does not 

increase any loads beyond nameplate rating ny control logic. The licensee stated 
that the dc power distribution system is adequate.  

Based on the licensee's information, the staff concludes that the proposed EPU at QCNPS has 

no impact on the dc power system.  

6.3 Fuel Pool Cooling 

The fuel pool cooling and cleanup system (FPQCS) is important to safety in that it removes the 

decay heat rele.ased from stored irradiatedfuel assemblies to maintain the pool water 

temperature at or below design temperature under normal operating conditions. For limiting 

conditions, the residual heat removal system can be aligned to the SFP to provide 

supplemental coo.ing or rapid makeup water addition. Other makeup water systems are also 

available to maintain sufficient coolant inventory for operation of the cooling systems and to 

protect the fuel from damage following a sustained loss of forced cooling.  

By increasing the amount of power produced in each fuel assembly and, therefore, the decay 

heat•generated in each assembly, the EPU directly affects the decay heat generation rate in the 

SFP, the rate of temperature increase following a loss of cooling, and the rate of coolant loss if 

the pool reaches bulk boiling conditions. In its response dated August 13, 2001 (Reference 23), 

the lice~nsee described changes in operating assumptions (i.e., rate of fuel transfer) and 
evaluation methods (i.e., credit for evaporative cooling) relative to those described in the 

QCNPS UFSAR. The increase in the rate of fuel transfer increases the peak decay heat rate in 

the SFP, while the credit for evaporative cooling reduces the conservatism in the evaluation of 

SFP conditions.  

The licensee's bounding evaluation of SFP conditions for planned partial-core discharges was 

based on the decay heat calculated for a series of refueling batches of 306 fuel assemblies that 

operated at the EPU level of 2957 MWt through 24-month operating cycles. The decay heat
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rate was calculated using ANSI/ANS Standard 5.1-1979 with an additional margin for 

uncertainty. The decay time of the most recent batch transfer assumed 100 hours of decay 
prior to fuel transfer and a transfer rate of 10 assemblies per hour. The resultant peak decay 

heat rate was 22.3 E+06 BTU/hr. A subsequent unplanned full-core offload increased the peak 

decay heat rate to 44.3 E+06 BTU/hr. The staff found this method of decay heat rate 
determination acceptable, and the staff concluded that the applied assumptions were likely to 
bound future planned partial-core discharges. Because a full-core offload closer to the previous 

refueling discharge would produce a higher peak decay heat rate, theevaluated full-core 
offload would not bound all potential discharge scenarios, However, the calculated decay heat 

rate for the full-core offload and its associated boiloff rate of 78.5 gprn would likely be bounding 
for planned full-core offloads for refueling.

The licensee's evaluation also considered the following h 
pumps supplying two heat exchangers for one interconnE 
supplying two heat exchangers for the second interconne 
the SFP. Because shutdown safety management proced 
the two units cross-connected, the licensee considered ft 
single failure for planned offloads. All four FPCCS pump 
unplanned offloads. In its letter dated September 5, 200 
committed to perform a cycle-specific analysis of SF.P c 
not interconnected and to implement pr~cedural controls 
are consistent with conditions assumed in the evaluation 
capacity. The staff concluded that the credited heat rem( 
for both planned refueling and unplanned maintenance'

The licensee 
offloads and 
to satisfy the 
Reference '3 
criteria in evw 
found the an 
outage-sped

itained 
OF foru

ance 
nsee

c ev

lul 

illur 
s we 
1. (R

removal paths: one of two FPCCS 
I SFP, two of two FPCCS pumps 
ISFP, and evaporative cooling of 
6 at QCNPS maintain the SFPs of 
e of an FPCCS pump the limiting 
,re consid•ed available for 
eference 31), the licensee 
ig ca1ability if the two SFPs are 
nsure reactor building conditions 
redited evaporative cooling 
capability was sufficiently reliable

oads.

tempera acceptance criteria of 140 OF for planned 
offloads.The credited heat removal capacity was adequate 

3 for the evaluated planned and unplanned offloads. In 
•ornimtted to apply the same methods and acceptance 
ads that are not bounded by the existing analysis. The staff 
SFP temperature limits acceptable for evaluation of refueling
' cooling capability.

Available makeup water capacity from each evaluated source continues to exceed the 
maximum calculated boiloff rate. The licensee stated (Reference 31) that, based on pump 

performance curves and estimated system resistance, the condensate transfer pump is capable 

of delivering over 275 gpm to the skimmer surge tank, which would overflow into the SFP if the 

FPC .was no operating. The licensee also described the capability to deliver over 90 gpm 
through hoses on the refueling floor to the SFP from either the condensate transfer system, the 
clean demineralized water system, or the fire water system. The capability of these sources 

exceeds the peak calculated boiloff rate of 78.5 gpm, and the calculated minimum time of 13.5 

hours for the SFP temperature to increase from 150 OF to 212 OF allows adequate time to align 

any of the above makeup sources. Therefore, the staff found the existing makeup water 

systems adequate for the EPU conditions.

5
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Based on the staff's review of the licensee's rationale and evaluation, and the experience 
gained from review of power uprate applications for other BWR plants, the staff concludes that 

operation of the SFP cooling system at EPU conditions is acceptable.

6.4 Water Systems

6.4.1 Service Water Systems 

The service water systems are designed to provide coc 
safety-related and non-safety-related systems).  

6.4.1.1 Safety-Related Loads

water to

The safety-related service water systems provide coc 
components and systems: RHR heat exchangers, R] 
coolers, RHR heat exchanger room coolers, core spr 
service water (RHRSW) pump cubicle coolers, diesel 
cubicle coolers, SFP emergency makeup (if needed), 
exchangers, HPCI room cooler, and the control room 
refrigeration condensing unit. All heat removed •yth 
heat sink (Section 6.4.5)........

During SDC with the RHR syst, 
proportionally to the increase ir 
required to reach the shutdowr 
RH R svstemi is addressed inS

The licens 
service we 
acceptabk 
peak heat 
letter d.ate

ted

d August 13

at 10 n the

mperati 
ion 3.9.

ig water to the following essential 
Z pump seal coolers, RHR pump motor 
room coolers, residual heat removal 

.nerator cooling water (DGCW) pump 
esel generat cooling water heat 
-nergency ventilation system 
e systems is rejected to the ultimate 

-IR heat exchangers will increase 
r level, thus, increasing the time 
s evaluation of the effect of EPU on the

is and stated that the performance of the safety-related 
following a LOCA with loss of offsite power has been found 
iat the EPU results in an increase of 8 MBTU/hr, resulting in a 
the RHRSW. Additional details are provided in the licensee's 
erence 23).

The RHRSW provides cooling water to the RHR heat exchangers under normal or 

post-accident conditions. The long-term containment pressure and temperature response 

fo.lowing a LOCA ar-egoverned by the ability of the RHR system to remove the decay heat from 

the suppression pool. The licensee performed containment pressure and temperature 

res~ponse analyses which demonstrate that the capability of the containment system is 

adequate to operate at the proposed EPU. In the containment pressure and temperature 

response analyses, the post LOCA RHRSW cooling was assumed to be unchanged for power 

uprated conditions. Therefore, the RHRSW cooling remains adequate for plant operations at 

the proposed EPU to perform its safety function during and following a LOCA. The staff's 

evaluation of the containment system performance for plant operations at the proposed EPU is 

addressed in Section 4.1.
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Based on the review of the licensee's rationale, the staff finds that QCNPS operations at the 

proposed EPU maintain the containment temperature and pressure response at acceptable 

levels and do not change the operations of the safety-related service water systems, and 

otherwise have an insignificant or minor impact. Therefore, the staff concludes that the 

safety-related service water systems at QCNPS remain adequate for plant operations at the 

proposed EPU to perform their safety function during and following a LQCA.  

6.4.1.2 Non-Safety-Related Loads 

Several service water heat loads will increase as a result of the EPU The licensee stated that 

the major heat load increases from the EPU reflect an increase in main generator heat losses 

rejected to the stator water coolers and hydrogen cooleirs in addition to increas•es in turbine 

building closed cooling water and reactor building closed cooling water heat Ioads. The 

licensee performed evaluations which demonstrate that the temperature of the service water 

temperature discharged to the circulating water system is sl•ghtly increased at the proposed 
EPU.  

Since the service water system does not perf afety-related function, the impact of the 

proposed EPU on the designs and performances of this system was ot reviewed.  

6.4.2 Main Condenser, Circulating Water, and Normal Heat Sink System Performance 

The main condenser, circulating, and normal heat sink systems are designed to provide the 

main condenser with a continuous supply of Cooling water for removing heat rejected to the 

condenser, thereby maintaining condenserpresSire as recommended by the turbine vendor.  

The licensee stated that the EPV operationincreases the heat rejected to the condenser and 

therefore, increases the condenser backpressre. If the condenser pressure approaches the 

backpressure lr.it, then the licensee must reduce reactor power to maintain an adequate 

vacuum.  

Since the main condenser, circulating water, and normal heat sink systems do not perform any 

safety-related functions, the impact of the proposed EPU on the design and performance of 

these systems was nt reviewed.  

6.4.3 Reactor Building Closed Cooling Water (RBCCW) System 

The RBCCW system is designed to remove heat from various auxiliary plant equipment housed 

in the reactor building during normal plant operations. The licensee performed evaluations and 

stated that the increases in heat loads on this system due to plant operations at the proposed 

EPU are not significant. These increases are due to running the reactor recirculation pumps at 

a higher speed and the additional decay heat load for the fuel pool coolers. The operation of 

the remaining equipment cooled by the RBCCW system is not power dependent and is not 

affected by EPU. The licensee provided additional details of the EPU effect on the RBCCW 

heat loads (Reference 23) in response to the staff. The licensee's reevaluation of RBCCW 

system heat loads for EPU was based on a revised service water design temperature of 90 °F 

(original design 95 'F). This was based on a review of historical service water temperatures at
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QCNPS. As a result this design temperature change with the swing RBCCW pump and heat 

exchanger aligned to the unit with an emergency full-core offload, the heat transfer capability 

exceeds the required heat load for all operating modes.

Based on the review of the license's rationale, the staff finds that the heat loads 
cooled by the RBCCW system have been evaluated for power uprate operationý 
remain within system capability. Therefore, the staff concludes that the impact 
operations at the proposed EPU on the RBCCW system is acceptale'.  

6.4.4 Turbine Building Closed Cooling Water (TBCC)i System

The TBCCW system supplies cooling water to many of the nor 
air conditioning (HVAC) units and other turbine building eq• ipr 
loads increased, and the operation of a fourth condensate/boo 
feed pump added heat. Other loads do not increase signiftioi 
evaluations of the increased TBCCW system heat loads demro 
less than 0.5 OF. The TBCCW system has adequate heat rem 
operations at the proposed EPU.

Since the TBCCW system does not perl 
proposed EPU on the designs and perfc iance

.-,quipment 
ind the loads 
plant

afety heating, ventilation, and 
it. The bus duct cooler heat 
ýr pump and a third reactor 
due to the EPU. The licensee 
[rateda coolant increase of 

al pability for plant

ion, the impact of the 
not reviewed.

6.4.5 Ultimate Heat Sink (UHS)

The Mississippi River is the nor 
essential cooling water for QCl 
downstream lock and dar no, 
UHS. ,n this event, makeup w 
activity is currently required for 
available to replenish water in t

1 heat sink via the intake and discharge canals, providing 
S at the EPU conditions. However, in the event of loss of the 
water trapped in the intake and discharge bay becomes the 
is required to the UHS for decay heat removal. This makeup 

Lnft operation. The licensee stated that sufficient time is 
UKS following a loss of the dam from EPU conditions.

In their August 7, 2001, response to the staff (Reference 19), the licensee provided additional 

information regarding the impact of EPU on the ability of the QCNPS UHS to maintain the 

suppression pool below its acceptance limit of 177 OF. The licensee's analyses assume the use 

of the main condenser for 24 hours after shutdown, and the use of three portable pumps 

supplying 5100 gpm to'the residual heat removal service water intake. The licensee stated that 

the time to perform manual actions to provide makeup water from the river for a dam failure is 

unaffected by EPU operation as the time depends only on the approximate 2-day interval 

before the UHS and the river separate. Under these conditions the suppression pool 

temperature reached is 166 OF, which is an increase of 10 OF from current conditions. Similarly 

the maximum cribhouse intake temperature increases 1.50 F to 108° F, yet remains below the 

acceptance value of 109 °F.  

Based on the review of the licensee's rationale, the staff finds that QCNPS operations at the 

proposed EPU will have an insignificant impact on the UHS.
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6.5 Standby Liquid Control (SLC) System

The licensee evaluated the effect of the EPU on the SLC system injection and shutdown 
capability. The QCNPS SLC is a manually operated system that pumps a sodium pentaborate 
solution into the vessel in order to provide neutron absorption and is capable of bringing the 
reactor to a subcritical shutdown condition from rated thermal power.

The licensee stated that an increase in the core th 
the ability of the SLC boron solution to bring the re 
in a safe-shutdown condition. Operating at the EF 
boron solution. Implementation of a higher fuel bE 
a new fuel design are the conditions that might aff 
system shutdown capability is reevaluated for eac 
with a planned extension in the fuel cycle operatin 
in the minimum reactor boron concentration of 60( 
volume of the stored boron solution for the EPU cl 

According to the licensee, the SLC system is desii 
equal to the upper analytical setpoints for the lowe 
mode. The licensee stated that since the reactor 
change, the current SLC system process paramet 
the SLC pumps are positive displacement pumps, 
would have no affect on the SLC svstem calrabiliFt

The SLC ATWS performance 
evaluation is based on a repi 
determined that the ATWS ar 
SLC system to mitigate an1A 
backup functionis not affecte

Durinc 
for all 
the tir 
scree

g the 
limfi~i

ne required in thi 
ning process in L 
'S bypass relief, 
a plant-specific I 
nation from the

Iresse 
itive c 
sho"

ibcritical a 
ition does
Lion, a :

directly affect 
in the reactor 
ý required

Cflailyu~II n UI fue lI u ~u.Vifiti U, diIU 

vn concentration. The SLC 
The new fuel design combined 
t currently require an increase 
ýrefore, no increase in the

grned to iject at a maximum reactor pressure 
ýst group of SRVs operating in the relief 
dome pressure and the SRV setpoints will not 
ers will not change. The licensee added that 
where small changes in the SRV setpoint 

y to inject the required flow rate.

Sectionr9.4.1. The licensee has stated that the 
esign at the EPU condition. The licensee 
at there is no adverse effect on the ability of the 
the capability of the SLC system to provide its

NPS EPU audit, the staff asked GNF and the licensee to confirm that 
lysis, the SLC system would be able to inject the required flow rate at 
inalyses without lifting the SLC system bypass relief valve. The GNF 
atthe time of the QCNPS audit did not specifically identify the 

lye capability. This issue is being treated by GNF generically, as well 
sis. As described in Section 2.6, the staff has requested additional 
ensee on this issue.

During the staffaudit, Project Task Report T0902, "Anticipated Transient Without Scram," was 
reviewed and GNF and licensee staff discussed the QCNPS bounding loss of offsite power 
(LOOP) ATWS event. For this event, the calculated peak vessel pressure would reach a 
maximum of 1316 psig at about 9.2 seconds from the start of the event, before the initiation of 

the SLC system at-96 123 seconds. The information was apparently taken incorrectly from 

the task report by the reviewer. Please apply this comment to the Dresden Safety 
Evaluation. The SRVs would open to relieve the pressure during any further pressure spikes 
resulting from calculated reactor vessel level undershoots. The calculated undershoot is

pýu.

I
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caused by a computer code (ODYN) limitation in modeling the HPCI and RCIC systems. The 

undershoot of the water level results in an overcorrection of the level, and the resulting 
overshoot of the level generates a high core flow and core power, and eventually generation of 
excessive steam. This artifice of the calculation can result in increased vessel pressure.

Considering that the ODYN calculation is conservative, i.e, plant respo 
transient is expected to be considerably faster than the ODYN model, 
be sufficient margin to lifting the SLC relief valve, and that the pressurE 
calculated occur for a short duration, the staff concludes that the SLC 
inject boron into the RCS as required by 10 CFR 50.62.  

6.6 Power-Dependent Heating Ventilation And Air Conditioning (H\ 

The HVAC systems consist mainly of heating or cooling supply, exhau 
in the turbine building, reactor building, and drywell. The EPU is expe 
increase in the heat loads caused by slightly higher process terperatu 
currents in some motors and cables.  

The affected areas are the steam tunnel, Eand dry 
building; the FW heater bay and condenserarea, the FW pumps, the d 

booster pumps, and the motor-generator set areas in the turbine huildi 
unaffected by the EPU because the process temperatures remain rela

In the steam tunnel, the heat Ic 
temperature. The maximum ar

increas 
ýpower 
in respo

mnperature in( 
U/hr. The F1 
Iby the samf 
or heat load.

increase 
tempera

st, and recirculation units 
cted to result in a small 
res and higher electrical 

well in the reactor 
sondensate/condensate 
ng. Other areas are 
tively constant.

e to the increase in the FW process 
increase is 0.5 -F.

in FW processtmperature and the increase in the recirculation 
are within the margins of the system capacity. By letter dated 
nse to the staff, the licensee stated (Reference 24) that the HVAC 

ýat loads from the recirculation pumps at the QCNPS of 
'J conditions, the expected heat load from pump motors is 
ing a margin of approximately 296,000 BTU/hr. At EPU conditions, 
base is 13.8 *F. The associated increase in FW piping heat load is 
piping and the recirculation pump motors are in the same space and 
oiling system. The margin in the HVAC design for the recirculation 
sufficient to compensate for the increase in FW piping heat load.

In the ECCS pump rooms, the heat loads increased as a result of a higher suppression pool 
temperature. The ECCS pump room coolers have adequate cooling capacity to maintain the 
design EmCS room temperature. By letter dated August 14, 2001, in response to the staff's 

RAI, the licensee stated that the QCNPS RHR heat load increases from 319,798 BTU/hr to 

335,800 BTU/hr due to the EPU, well within the room cooler capacity of 570,000 BTU/hr. The 

high pressure coolant injection (HPCI) room at QCNPS is not affected by the EPU since there 

are no process temperature, electrical, or other heat load changes that affect the pre-EPU 
design heat loads.

In the dryy 
pump rot( 
August 14 
system is 
1,870,000 
1,573,840 
the FVWter 
10,439 BT 
are cooled

mot
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In the turbine building, the maximum temperature increase in the FW heater bay and condenser 

areas is approximately 4 OF due to the increase in the FW process temperatures. The FW 

pump motors and motor-generator sets are internally cooled by separate, dedicated 

once-through ventilation systems. The heated ventilating air is directly exhausted to the 

atmosphere without mixing with the room air; thus, the effect on area temperature is negligible.  

The effects of the higher internal temperature in the pump motors and motor-generator sets 

have been evaluated, and shown to be acceptable for operation during the remaining plant life.  

The operation of the fourth condensate pump increases the temperature in the condensate 

pump area by approximately 9 OF.

In response to the staff, the licensee stated (Reference 
condensate/booster pump, required for EPU operation, 
cooling capacity of the ventilation system is not being c 

temperature may be exceeded when the outdoor air is 
of expected seasonal high temperatures), but the high 
extended periods. The normal operation of the non-sa 
affected, based on a review of the motor insulation ratii 
temperatures. The licensee stated that all equipmenti 
program affected by such temperature increases has b

Based on the licensee's review of desi 
design of the HVAC is adequate for th 
several reactor building areas, the pos 
higher EPU heat loads. The secondai 
general areas do not operate post-LO 
areas in the EQ program has been ev 
program documentation.

The licensee 
systems was 
evaluations..  
between site 
determined t 
for the EPU,

efen

hat no cl 
and that

on the staff's r 
,er uprate appli 
;elv affectthe c

nbasis c 
EPU. T1 
LOCA te

CA 
aluý

.) that t

ngs, which 
n the envir 
•een.e..val u

the heat load. Since the 
ie pre-EPU design room 
Jgn temperature (i.e., periods 
resdo not continue for 
dpumps in this area is not 
excedthe EPU 

onmental qualification (EQ) 
atedand is acceptable.

ýlculations and EQ design temperatures, the 
e licensee stated (Reference 24) that in 
nperature increases a few degrees due to 
ent is isolated and the HVAC systems for the 
'ensee stated that the equipment in all such 
%found acceptable, as described in the site EQ

4)that a separate EPU evaluation for the ECCS-related HVAC 
PS. Therefore, any site differences were captured in the 
explained that the other HVAC systems are similar enough 

)ns that they could be evaluated together. The evaluations 
e operation or configuration of these systems were required 
'stems continued to meet design requirements.

,view of the licensee's rationale, and the experience gained from review 
rations for other BWR plants, the staff concludes that the EPU does not 
)eration of HVAC.

ction Program

The staff finds that the operation of the QCNPS at the EPU will have no impact on the existing 
fire detection or suppression systems, the existing fire barriers provided to protect safe 
shutdown capability, or the administrative controls that are specified in the plant's fire protection 
plan required by 10 CFR 50.48(a). The NRC requirements for achieving and maintaining safe 

shutdown following a fire require that (1) one train of systems necessary to achieve and
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maintain hot shutdown be maintained free of fire damage, and (2) that (a) the systems 

necessary to achieve and maintain cold shutdown can be repaired within 72 hours if redundant 

systems are being used, or (b) the systems can be repaired, and cold shutdown can be 

achieved, within 72 hours if alternative or dedicated shutdown capability is being used.

While Section 6.7, "Fire Protection," of the licensee's SAR (Reference 2) only 
shutdown capability and is silent concerning hot-shutdown capability, Table 6
indicates that the limits for the important reactor process variables (ie.pak.  

temperature, primary systems pressure, primary containment pressure, and s 

bulk temperature) are not exceeded following a fire event using the RCI sys• 
has accepted the use of RCIC for providing reactor coolant makeup to achiev 

when those systems are protected in accordance with the requirements speci 

IIL.G of Appendix R to 10 CFR Part 50. While the higher decay heat associat 
may reduce the time available for the operators to achieve cold shutdown, it s 

the time required to repair those systems necessary to achieve and maintain 
and would therefore only affect those fire areas in the plant where alternative 

shutdown systems are relied upon to satisfy NRC requirements(i.ethose p1 

must achieve cold shutdown within 72 hours folowing a fire). The licensee h• 
safe shutdown systems and equipment used to achieve and maintai, cold-sh 
do not change, and are adequate for the conditions. The staff finds this

The EPU may affect systems ne 
areas that rely upon the use of s• 
such as CS and LPCI, to provide 
alternative or dedicated shutdow 
example, Section 4.2.4, " 
required flow capacity for the EP 
to the EPU only four ADS valves 
credited ADS operation in conjur 
operations. The EPU has reduc 
hot shutdown using RCQI. The I 
mitigate the conseqences o.f a f 
the operators to perform the nec 
be accomplished prior to the.EP

'aluation of thE 
ency contributi 
i have onlv a

dresses cold
)f the report 
dding 
ression pool 

i. The staff

Ul~ HI ~tiLUVUW~I 
tied in Section 
ed with the EPU 
•hould not impact 
cold shutdown, 
or dedicated 
ant areas that 
as stated that the 
utdown conditions 
acceptable.

cessary to achieve and maintain hot shutdown for those plant 
afety.RVs in conjunction with the use of low pressure systems, 

reactor coant makeup, or those plant areas that rely on 
n capability defined in Section IIL.G of Appendix R. For 

tic Depressurizatio• System," notes that to achieve the 
U condition, five.ADS valves must be operable and that prior 

were required to be operable. However, the licensee has not 

ction with low pressure systems for Apendix R hot shutdown 
ed the time available for the operators to stabilize the plant in 
icensee has stated that the operator actions required to 
ire are not affected by the EPU, sufficient time is available for 

essary actions, and any necessary changes to procedures will 
U implementation. The staff finds this acceptable.

effect of the EPU on the top 10 fire scenarios in terms of core damage 
on was performed by the licensee. The licensee concluded that the EPU 

ninor effect of the fire risk estimated in the licensee's individual plant 
rnal events. The staff finds this acceptable.

Therefore, based on a review of the information provided by the licensee in Reference 2, the 

staff concludes that the EPU will not adversely affect the safe shutdown capability in the event 

of a fire and is, therefore, acceptable.

6.8 Systems Not Impacted or Insiqnificantly Impacted by EPU
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The licensee identified those systems which are not affected or insignificantly affected by plant 

operations at the proposed EPU. The staff has reviewed those systems (e.g., auxiliary steam, 

instrument air, service air, miscellaneous HVAC, diesel generator, and the associated 

supporting systems). Based on the staff's review of the systems identified by the licensee and 

the experience gained from review of EPU applications for other BWR plants, the staff 

concludes that plant operations at the proposed uprate power level have no or insignificant 
impact on these systems.

7.0 POWER CONVERSION SYSTEMS 

7.1 Turbine-Generator 

The turbine-generator was originally designed to have tl 
105 percent of rated steam flow conditions with a degre& 
variables such as steam inlet pressure. As a result of th 
EPU, the high pressure turbine will be modified to maint 
3 percent of the EPU rated steam flow.

V to operate continuously at 
to allow control of important 
I plant operations at the 
standard flow margin of

The licensee performed evaluations to vei 
and components under plant operations a 
stationary and rotating components andv 
The licensee stated that results of the eva 
turbine to increase flow and some other n 
needed for the EPU.

ves,
luatiqns sho\ 
on-sfety mo(

integrity'of the turbine-generator 
J. These evaluations covered 
ms, and other support systems.  
at mnodification of the high pressure 
ions to the turbine-generator are

The licensei 
include new 
volumetric f 
runback set 
supervisory

The licer
missile producti 
licensee noted t 
of the EPU, the 
reduced, as nec 
in the event of E 
valves. For 0C

scribed some of these changes i response to the staff (Reference 19). These 

eless high pressure turbineropors and nozzle diaphragms for increased 
ý, new setpoints for the cross-around RVs and the stator water cooling alarm, 

.changes, and various changes to the electrohydraulic control/turbine 
rumentation.  

rther stated that it evaluated the probability of a turbine overspeed and turbine 

on due to plant operations at the proposed EPU. In response to the staff the 
hat since the geometry of the LP rotors and blading will not change as a result 

existing analysis remains valid. The current overspeed trip settings will be 
cessary, to preclude rotor train speeds in excess of 120 percent of rated speed 

simu.taneous full load rejection and failure of both control and intermediate 

NPS, the backup overspeed trip setpoint will be changed in accordance with the 
•nt manufacturer's recommendation. Therefore, the turbine could be 

,erated safely at the proposed EPU.

The staff requested additional information regarding the implications of the increase in reactor 
power which may be limited by the main generator capability of 912 MWe following EPU. The 
licensee's response (Reference 19) stated that due to the change in plant efficiency over the 
operating cycle reactor power could vary from approximately 96 percent of thermal power under 
optimal conditions in the winter to 100 percent of power on warm summer days. The licensee
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stated that these variations in reactor power do not approach the magnitude of changes 
required for surveillance testing and rod pattern alignments. Additionally, the licensee stated 
that the effect of having thermal power limited by main generator capacity (load follow) on 
radioactive waste generation will be minimal in that the major change for such generation at 
EPU conditions is an increase in FW flow and conductivity.  

7.2 Miscellaneous Power Conversion Systems 

The licensee evaluated miscellaneous steam and power conversion systems and their 
associated components, including the condenser, air removal systemrandsteam jet air 
ejectors, for plant operations at the proposed EPU. The licensee stated that the existing 
equipment for these systems is acceptable for plant operations at the proposed EPU.  
Modification to some non-safety-related equipment, Such as steam dilution modifications to the 
condenser air removal systems, is necessary to provide adequate capacity for the proposed 
uprated core thermal power.  

Since these systems do not perform any safety-related function, the staffhas not reviewed the 
impact of plant operations at the proposed EPU on the design and perfrmance of these 
systems.  

7.3 Turbine Steam Bypass 

The turbine bypass valves were initially rated for a steam flow of 40 percent of the original rated 
steam flow. For EPU conditions, the resulting bypass capability will be 33.3 percent of EPU 
steam flow. The licensee has proposed revisionsto.TSs reflecting the revised percentage of 
rated steam foow. Transient analyses remain based on actual mass flow rates which are not 
changed for EPU.  

Since the turbine bypass system does not perform any safety-related function, the staff has not 
reviewed the i'mpactof plant operations at the proposed EPU on the design and performance of 
this system.  

7.4 Feedwater and Condensate Systems 

The licensee noted that EPU operation requires modifications related to these systems, such as 
EV pump low suction pressure staggered trips and recirculation system runbacks; as well as 
alteration of operating system lineups, such as running all three FW pumps (versus two 
previously) and ail four condensate/condensate booster pumps (versus three previously). As 
stated by the licensee, the FW and condensate systems do not perform system-level 
safety-related functions. Therefore, the staff performed a limited review of the impact of plant 
operations at the proposed EPU on the design and performance of these systems.  

In response to a staff question, the licensee addressed various changes that are planned to 
improve plant trip avoidance capability under EPU conditions (Reference 19). A reactor 
recirculation pump runback is being added to reduce potential for reactor scrams on low water 
level following a loss of either a FW or condensate pump. The runback is enabled whenever
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main steam flow exceeds the capability of two FW pumps. When enabled, a runback will 
rapidly reduce the core flow to the equivalent for 82 percent power if less than three FW pumps 
are running coincident with a reactor low level alarm setpoint or if no condensate pumps are 
running. The licensee's analyses indicates that these changes should reduce core flow and 

reactor power to within the capability of the running FW and condensate pumps to avoid 
reducing the reactor water level to the scram and isolation setpoints.

The licensee is also implementing staggered trips of the F 
considering the increased potential for such trips on a loss 
all four condensate pumps for EPU conditions. The existii 
being modified to trip one FW pump if suction pressure dn( 
5 seconds and then trip a second FW pump if the suction 
seconds. For equipment protection, all pumps will cortinu 
to the low-low suction setpoint. The licensee will also scal 
adjust FW pump runout logic to accommodate EPU floqw h 

The licensee stated that proper operation of the runback a 
be verified in post-modification testing. The FWVcontrol sý 
performance will be verified at various power levels during
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challenges to operators and safety 
response dated August 7, 2001 (R 
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rmation regarding the effect of the EPU on the FW system, 
to handle additional flow in the FW heater drains to avoid 
systems etially caused by loss of FW heaters. In its 
eference19), telicensee stated that an evaluation of the 

valves w performed to assess flow passing capabilities.  
EPU operating conditions do not significantly challenge the 
s. The licensee also reviewed thermalhydraulic conditions 
tions were required to support a rerate of the C and D FW 
pressure conditions; the C FW heaters are rerated to 
W heaters are rerated to 178 psig from 150 psig.

see's rationale, the staff finds the FW and condensate systems

AND RADIATION SOURCES

QCNPS uses waste treatment systems designed to collect and process gaseous, liquid, and 
solid waste that might contain radioactive material. These radioactive waste treatment systems 
wereevaluated in the final environmental statement (FES) dated September 1972. The 

proposed 17.8 percent EPU will not involve any significant physical changes in the waste 
treatment systems, nor will it affect the environmental monitoring of any waste stream 
described in the FES. For normal operations, no new or different radiological waste streams 
are created as a result of the proposed power increase.

8.1 Liquid and Solid Waste Management
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The major impact of the power uprate on the station's solid radioactive waste production is the 

increased generation of spent condensate FW-cleanup resins {&F-GR), the major component of 

low-level radioactive waste (LLRW). LLRW also includes filter sludge, dry active waste, metals, 

etc. Because of the estimated increased levels of activated corrosion products in the FW 

system, SFCR quantities should increase as a result of the increased changeout frequency for 

resin bed media. Due to the increases in condensate/FW flow and temperature, the licensee 

expects that the increase in solid waste production (chiefly resins) willb proportional to the 

power uprate. This estimate is supported by experience gained at other WR facilities, now 

operating with smaller power uprates (2 to 5 percent). Based on thisestimate, the overall 

increase in solid radioactive wastes is expected to be a small percentage (approximately 10 

percent) of the station's yearly projected low-level waste burial volume for the'year 2000 (144 
cubic meters). This amount is bounded by the FES.

The volume of liquid radioactive waste released should 
The site recycles a substantial fraction of the water use 
waste streams. However, due to the expected increas( 
activated corrosion and wear products in the reactorco 
increased flow through the condensate and reactorwat 
backwashes of these demineralizers will benecessary.  
these backwashes is high, these waters will be recyc.  
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same amount. From 1995 to 19ý 
liquid release pathway Were ver) 
and the limits.of.40 CFR P.19 
component was 0.03 percent of 
dose component was less than 
period, the r calculated d 
about 0.003 percert of the Appe 
very small values results in a ne 
contribution to the public dose fr

of the regulato

Gaseous

minms.

)e impacted by the power uprate.  
3rocess liquid radioactive material 
esenceof fssion products and 
isat, FWad coolant, and 
3anup demineralizers, more liquid 
vever, since the water quality of 
Itherebv will not add to the volume
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erials released as liquid wastes is expected to increase by the 
9, the averag• offsite calculated doses to the public from the 

small fractions of the Part 50, Appendix I, numerical standards 
0. From 1995 to 1999, the highest calculated whole body dose 
Appendix I criteria, while the highest calculated critical organ 
101 percent of the 40 CFR Part 190 limit. For that same 
ose from liquid effluents for all liquid release pathways was 
ndix I guidelines. A projected 17.8 percent increase of these 
gligible increase in calculated public dose, and the overall 
om the liquid effluent pathway would remain a very small

Manaaement System (GWMS)

The .GWMS consists of the main offgas system and various building (turbine, reactor, and 

radwaste) ventilation systems. Airborne radioactive material releases are controlled, 
processed, filtered, and monitored, and include gaseous and particulate forms. Gaseous 

fission products such as krypton-85 and iodine-1 31 are produced by the fuel in the core during 

reactor operation. A small percentage of these fission gases are released to the reactor 

coolant from the small number of fuel assemblies which are expected to develop leaks during 

normal reactor operation. The main offgas system removes these fission gases directly from 

the plant main condenser, and these gases are processed before release. These offgas

S........ nt .. . . er (GWa
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effluent release quantities are greater than the sum of all other gaseous release streams.  

Thus, the effluent release rate (and the resultant public dose) depend primarily on the fuel 

defect rate. Current and expected fuel performance for QCNPS has been significantly better 

than the original design. The licensee conservatively assumed a 18 percent increase in 

gaseous effluents (as a linear function of the power increase). Using the highest calculated 

dose over the period 1995 to 1999, this assumed effluent increase would result in the worst 

case offsite pathway dose (in terms of percentage of the 15 mrem limit) of 0.33 percent of the 

10 CFR Part 50, Appendix I, numerical design objectives. For that same perid, the average 

calculated dose from gaseous effluents for all designated airborne dose athways was 0.16 

percent of the Appendix I guidelines. Therefore, as a result of the 17.8lpecent power rate 

increase, the calculated dose to the public from the overall release of gaseous effluentswill 

remain a very small fraction of the dose limits of 10 CFiR20.130 1.

8.2.1 Offgas System

Radiolysis of water (i.e., formation of H2 and 02) in 1 

increasing the heat load on the offgas recombiner e 
evaluated the impact of the increases of these offgý 
proposed EPU on the offgas system, and .Povided 
August 7, 2001 (Reference 19). The licensee calcL 
recombiner will increase from approximately 83 p•r 
with a radiolytic hydrogen flow rate of 30.9 lbs/hr pc 
bounding case using hydrogen water chemisy, wh 
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ich requires hydrogen injection into the FW 
ction range. The licensee stated that it 
tion in combination with noble metal 
ýases considerably when using noble metal 
derably less than the bounding value.

esses air in-leakage evacuated from the main condenser. The system 
i hlenradioactive gases in the main condenser. These gases 
ýes and fission product noble gases transported through the steam lines 
f main condenser in-leakage is unaffected by EPU. This in-leakage 

rime for radioactive decay since the increased radiolytic hydrogen flow 
wease will be removed in the offgas recombiner before the holdup 
S's noble gas release rate (0.2 Ci/s) for QCNPS is independent of power 

a 30-minute holdup time, which is not affected by EPU conditions.  
as will be a fraction of the design basis release rate, which bounds the

•er.

The licensee assumed that the radioactive gases will increase proportionally to the EPU 

increase. In Reference 19 the licensee corrected a statement in Section 8.4.3 of its safety 

evaluation (Reference 2) to note that an increase of 12 percent in fission product activity is 

expected for the EPU. The concentration of coolant activation products and fission products in 

the steam lines will remain unchanged as the linear increase in production is diluted by the 

increase steaming rate post-EPU. The licensee stated that the gaseous effluents are well 

within limits at original power and remain well within limits following EPU implementation. The

) 
l 

(
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system radiological release rate is administratively controlled, and does not change with 

operating power. Therefore, EPU does not significantly affect the offgas system design or 
operation.

Based on the review of the licensee's rationale and the experience gained from tl 
review of power uprate applications for similar BWR plants, the staff concludes tt 
operations at the proposed EPU will have an insignificant impact on the offgas sl

hie staff's 
iat plant 
,stem.

8.3 Radiation Sources

The staff has reviewed the licensee's plan for power ur 
facility radiation levels and on the radiation sources in i 
sources in the core include radiation from the fission p 
and neutron reactions as a secondary result of reactor 
core are expected to increase in proportion to the incre 
bounded by the existing safety margins of the design b 
(inside the fully-inerted primary containment) is inacce
increase in the radiation sources in the reactor core wil 
personnel doses during power operations. Due to desi 
surrounding the reactor vessel, worker occupationaldc 
the public from radiation shine from the reactor vessel 
EPU.

with

ýsible duLn 
I have no e 
qn shieldin

ýspe io 10its eiet (in trie 
d coolant. The radiation 
umulated fission products, 
e radiation sources in the 
er. This increase, however, is 
s. Since the reactor vessel 

g operation, a 17.8 percent 
ffecton occupational worker 
g nand containment 
gely unaffected, and doses to 
entially zero as a result of the

During operations, the reactor c 
radioactive as a result of nuclea 
will remain nearly constant follo, 
production in the steam passing 
through the cor. The act.  
approximate proportion to the ir 
was conservatively designed so 
resulting from the prop.sedpov

lant passing through the reactor core region becomes 
eactions. The activation product concentrations in the steam 
ig the power uprate since the increase in activation 
irough the core will be balanced by the increase in steam flow 

)rodUCtS in the reactor water, however, will increase in 
ease in thermal power. The installed shielding at QCNPS 
at the increase in activation products in the reactor coolant 
uprate will not affect radiation zoning in the plant.

Activated corrosion products (ACPs), which are the result of the activation of metallic wear 
materials in the reactor coolant, could increase as a result of the proposed power uprate. The 
equilibrium level of ACPs in the reactor coolant is expected to increase in proportion to both the 

increase in FW flow rate and the increase in neutron flux in the reactor, while the increased FW 

low1will likely reduce the efficiency of the RWCU system. However, the expected ACP 

increase should not exceed the design basis concentrations. Most of the areas (e.g., 
recirculation pumps and the RWCU) that would be affected by this increase in activated 
corrosion products are located in locked areas or areas, such as the drywell (primary 
containment), that are inaccessible during plant operation. Since these areas are usually high 

dose rate areas, personnel access to these areas will continue to be restricted during plant 

operations as required by 10 CFR Part 20 high radiation area (HRA) requirements, and in 

accordance with plant TSs and required licensee implementing procedures.
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In an effort to reduce the occupational worker dose (and the radiation skyshine public dose 
component), the licensee initiated the noble metal injection process (NIP), consistent with the 
principle of keeping radiation as low as is reasonably achievable (ALARA). By injecting small 

quantities of noble metal into the FW system, the level of highly activated radioactive material 

deposited as crud on primary coolant piping sources and fuel is reduced. Additionally, NIP 

provides another dose reduction benefit, by effectively reducing the radiation skyshine from the 

steam-side turbine building components. Main steam line dose rates at QNPS have 
decreased by as much as a factor of four as a result of the NIP proces.2 

Fission products in the reactor coolant result from the escape of minute fractions of the fission 
products in the fuel rods. Fission product release into the primary coolant•sdependent on the 
nature and number of fuel defects and is approximatelylinear relative to core thermal power.  
Using the ANSI/ANS 18.1-1999 normal operations source term methodology, the licensee 
calculated about a 12 percent increase in fission product concentration in the reactor coolant 
from the fuel (assuming no increase in fuel cladding defects). However, the fission product 
concentration in the steam should remain nearly constant following the power uprate, given the 

proportional increase in steam flow (dilution) through the core. Given that current levels of 
fission product activity in the reactor coolant and s.teamare small i of the design basis 

data, a 12 percent increase should have a minimalimnpact.  

8.4 Radiation Levels

Radiation sources in the reactor 
previously, the proposed 17.8 pe 
certain radiation sources in ther 
result in some increases (up to 
plant. This increase in plant radi 
inside the dryweil and near the F 
radiation levels mayalso be high 
product crud (activated corrosior 
cooling system piping and the re 
equipment). Many of these area 
20 human reliability analysis (H.

coolant contribute to the plant radiation levels. As discussed 
rcent pow•r prate will result in a proportional increase in 
eactor coolant. This increase in reactor coolant activity will 
about 18percent) in plant radiation levels in most areas of the 
ation levelsmay be higher in certain areas of the plant (e.g., 
VWCU) due to the presence of ACPs. Some post-operational 
er in those areas of the plant where accumulation of corrosion 
and wear products) is expected (i.e., near the spent fuel pool 

actor coolant piping as well as near some liquid radwaste 
s are normally locked and controlled in accordance with Part 
A) requirements, and require infrequent access.

The licensee has stated that many aspects of the plant were originally designed for higher-than
expected radiation sources. Therefore, the small potential increase in radiation levels resulting 

fro~m the proposed power uprate will not affect radiation zoning or shielding in the various areas 

of the plant that may experience higher radiation levels. The purpose of the licensee's ALARA 
program is to ensure that doses to individual workers will be maintained within acceptable limits 

by controlinig access to radiation areas. The licensee will continue to use procedural access, 
work planning and controls, and pre-job worker training/briefings to compensate for any 
increased radiation levels and to maintain occupational doses ALARA. As part of the overall 
EPU test program, during the incremental 3 percent power step increases the licensee will 

perform special surveys of area external radiation levels to assure that the radiation areas are 
properly designated, posted, and controlled as required by Part 20 and plant TSs.
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The proposed power uprate will also cause a small increase in post-accident radiation levels.  
Item ll.B.2 of NUREG-0737 states that the occupational worker dose guidelines of GDC 19 
shall not be exceeded during the course of an accident. Compliance with Item ll.B.2. ensures 
that operators can access and perform required duties and actions in designated vital areas.  
GDC 19 requires that adequate radiation protection be provided such that the dose to 
personnel should not exceed 5 rem whole body or the equivalent to any part of the body for the 
duration of the accident (the extremity limit is 75 rem). The licensee has determined that, 
based on conservative calculations, the post-accident radiation levels wilincrease by 11 to 
45 percent (as a function of plant location) as a result of the proposed power uprate. Based 
upon this analysis, the calculated post-accident vital area worker doses for coolant and air 
sampling activities) to the whole body and extremities are less than I and 18 rem, respectively.  
Therefore, personnel access to and work in designated vital areas •or accident mitigation 
following a LOCA can still be accomplished without exceeding th.e dose requirements of GDC 
19. Additionally, the calculated dose estimates for personnel performing required post-LOCA 
duties in the plant's TSC remain within GDC limits. The site's emergency operations facility 
(EOF) is over 100 miles from the site, and therefore the EOF habitabiity is unaffected by the 
power uprate.  

The licensee has calculated the impact on operator doses in the conrol room from the following 
DBAs: LOCA, main steam line break accident, fuel handlin•gaccident and control rod drop 
accident. In the worst case, the LOCA rovides a 2.0 percent increase to the operator's whole 
body dose, which includes the dose fr[o direct radiation shine external to the control room (the 
dose is 0.377 rem, the limit is the 5 rem). Se Section 9,3.2 for additional discussion of control 
room doses from DBAs.  

Several physical plant modifications will nedo be completed prior to full implementation of 
the power rate increase. The reactor vessel steam dryer/separator will be modified to 
compensate forthe increase in moisture carryover from the reactor to the steam lines. These 
modifications will be planned and conducted in accordance with the station ALARA program.  
This expected one-time occupational dose to modify these and other systems should be a small 
fraction of the average yearly worker collective dose for the units.  

Direct radiation (skyshine) from the main steam system components in the turbine building 
provides another offsite public dose pathway from an operating BWR. The licensee has 
calculated the public dose from coolant activation products (chiefly nitrogen-1 6) in reactor 
steam. Nitrogen-16 production is increased by routine hydrogen gas injection into the FW in an 
effort to prevent intergranular stress corrosion cracking of reactor internals. The licensee uses 
the.NIP primarily to maintain worker doses ALARA. NIP provides another dose reduction 
benefit allowing a significant reduction in hydrogen injection rates and thus effectively reducing 
the direct radiation shine from the steam-side turbine building components. Main steam line 
dose rates have decreased by as much as a factor of four at QCNPS as a result of the NIP.  
While this skyshine dose is not expected to actually increase as a result of the power uprate, 
the station's required calculation methodology conservatively assumes the skyshine dose is 
directly proportional to reactor power. Given a 17.8 percent increase in reactor power, the 
licensee conservatively estimates that the skyshine dose would be about 44 percent of the 25 
mrem dose limit of 40 CFR Part 190 (using the highest calculated dose during 1995 to 1999).
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On the basis of the staff's review of QCNPS, the staff concludes that the 17.8 percent power 
uprate will have little effect on personnel occupational doses and that these doses will be 
maintained ALARA in accordance with the requirements of 10 CFR 20.1101. Additionally, the 
operator calculated doses from external radiation exposures during a DBA will be less than the 
GDC 19 criteria, and will allow operators access to vital areas for needed emergency activities.  
The staff, therefore, finds the proposed power uprate at QCNPS to be acceptable from a 
normal operations, occupational, and GDC 19 accident dose perspective.

9.0 REACTOR SAFETY PERFORMANCE EVALUAT 

9.1 Reactor Transients

AOOs are abnormal transients which are expected to oc 
plant and are initiated by a malfunction, a single failure ( 
applicable acceptance criteria for the AOOs are based c 
General Design Criteria (GDC) 10, 15, and 20. GDC 10 
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reactor coolant and main/SI 
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AOOs; (3) an ircident of r 
condition unless other fault 
combination with any sing.  
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i system shoudbe maintained below 110 percent of the design 
Code, Section111, Article NB-7000, "Overpressure Protection"; 
J be maintained by ensuring that the reactor core is designed to 
n to specified limits during normal operating conditions and 
ýrate frequency should not generate a more serious plant 
cur independently; and (4) an incident of moderate frequency, in 
live component failure or single operator error, should not result 
sion product barrier other than the fuel cladding. A limited 
itions are acceptable.

The QCNPS UFSAR evaluates a wide range of potential transients. Chapter 15 of the UFSAR 
contains the design basis analyses that evaluate the effects of an AOO resulting from changes 
in.ystem parameters such as (1) a decrease in core coolant temperature, (2) an increase in 
reactor pressure, (3) a decrease in reactor core coolant flow rate, (4) reactivity and power 

distribution anomalies, (5) an increase in reactor coolant inventory, and (6) a decrease in 
reacor coolant inventory. The plant's responses to the most limiting transients are analyzed 

each reload cycle and are used to establish the thermal limits. A potentially limiting event is an 
event or an accident that has the potential to affect the core operating and safety limits.  

The generic guidelines for EPU evaluation (Appendix E of ELTRI) identified (a) the limiting 
transient to be considered in each event category, (b) the analytical methods to be used, (c) the



-68-

operating conditions assumed in the generic evaluation presented in the report, and (d) the 

criterion that was applied. The licensee stated that in support of the EPU, each limiting 

transient analysis for each category of the transients listed in Table E-1 of ELTR1 was 

analyzed. Table 9-1 of the licensee's Safety Analysis Report (Reference 2) describes the 

reactor operating conditions used in analyzing the limiting transients for the current pre-EPU 

fuel cycle and for the EPU representative core. The table also lists the nominal domle operating 

pressure and the SLMCPR used in the transient analyses and in calculating the MCPR OLs.  

The EPU transients analyses were based on a representative GE-14 c9reand the calculated 
SLMCPR value of 1.09 for the core.  

The licensee stated that input parameters related to performance improverent program (PIP) 

features or equipment OOS have been included in the safety analyses for the EPLI QCNPS is 

currently licensed for, or seeks to implement for EPU operation.MELLLA, end-oficycle
coastdown, SLO, final feedwater temperature reduction (FFWTR), ICF, and ARTS power-and 

flow-dependent limits. Therefore, the EPU transient analyses that were performed considered 

these operating constraints. According to the licensee most o.f the trasient events are 

analyzed at full power and at the maximum allowed core flow operatng point on the power/flow 

map (Figure 2-1). The licensee also included the 2 percent power uncertainty in the analyses 

either directly or statistically. The licensee anayzed the following lirmitin transients and 

Table 9-2 of the licensee's Safety Analy provides the results. For all events in 
Table 9-2, the SRV is assumed to be OOS.  

* load rejection with bypass failure (LRWQB) 

* turbine trip with bypass failure (TTNB) 

* feedwater controller failure.(FWCF- maximum demand 

0 loss of feedwater heating (LFWH) 

* inadvertent HPCI actuation (bounded by LFWH) 

rod withdrawale 

fast recirculation increase 

* .slow recirculation increase 

load reject with bypass 

MSIV closure-all valves 

• MSIV closure-one valve 

The licensee determined that, as shown in Table 9-2 and in Figures 9-1 through 9-4, there are 

no changes to the basic characteristics of any limiting events due to the EPU operating
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conditions. The severity of transients at less than rated power is not significantly affected by 

EPU, due to the protection provided by the adoption of ARTS power and flow dependent limits, 

as discussed in Section 9.2.  

In its evaluation of ELTRI (Reference 4), the staff concluded that the minimum set of limiting 

transients described in Appendix E of the topical should be included in the uprate amendment 

request. The staff also stated that a list of all of the transients analyzedin support of the power 

uprate should be included, with an explanation of how the limiting transients were selected.  

The QCNPS submittal did not provide the bases for selecting the EPU liitin. transients.  

However, it was confirmed that GNF selects the limiting EPU transients by evaluating the seven 

categories of transient events based on the EPU parameters to ensLue thnat(a) the•UFSAR 
events remain bounded by the reload transient events, (b) no non-limiting events becom.  

limiting in terms of thermal limits due the power uprate, and (c) no additional limiting events 

impacting thermal limits are caused by the EPU operating conditions. Appendix E.2.2 of ELTR1 

also discusses the bases for selecting the limiting transients to analyze in support of the EPU, 
and the stated justifications are applicable to QCNPS.  

In support of operation at the higher MELLLA rod line and at the EPU power level, the licensee 

analyzed the limiting transients using a repre e ibrium G core. The current 

EPU analyses are based on NRC-approved analytical methods anda odes. The transient 

evaluations also take into account the impact of the performae improvement programs or 

special features in establishing the thermal limits for the EPU operation. The staff concludes 

that the EPU transient analyses did not identif any major changes to the basic characteristics 

of any of the limiting events due to the EPU!operating conditions. The staff finds this 

acceptable.  

In the current TS, some LGOs and SRs us 25 percent of the RTP to determine when to apply 

the corresponding requirement, The value of 25 percent of RTP is based on generic analyses 

conducted for a fuel bundle power of 4.8 MWt. Since the EPU evaluations show less than 

4.8MWt/bundl-, the 25 percent threshoId remains valid. The staff finds this acceptable.  

The recirculation systemdrive flow is measured and used as an input to the APRM for the flow

biased APRM scram and rod blocks. According to Supplement 1 to the ELTR2, the 

recirculation system fast transient analysis is necessary to support EPU operation for the plants 

that have adopted the ARTS feature to ensure adequate protection during the transient. The 
ARTS program replaces the flow-biased APRM trip setdown during operation at off-rated 
conditions. Under these conditions, ARTS plants like QCNPS use power and flow dependent 

MCPR and LHG.Rvalues for operation at the off-rated conditions. Table 9-2 of the EPU 

submittal provided the changes in the CPR for the fast recirculation flow increase transient and 

confirmed that the ARTS multipliers used to develop the power dependent MCPR(P) are 

bounding. This is acceptable to the staff.  

9.2 Transient Analysis for ARTS Power and Flow Dependent Limit 

One of the restrictions on the operating flexibility of a BWR during power ascension from the 

low-power/low-core flow condition to the high-power/high-core flow condition is the APRM
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scram and flow-referenced rod block setdown requirements. The APRM/ rod block monitor TS 

(ARTS) power and flow dependent limits improvement program objectives are to provide 
adequate fuel thermal limits while increasing plant operating efficiency and flexibility. The 

licensee states that use of the ARTS power and flow dependent limits ensures that the plant 

does not exceed any fuel thermal limit and, thus, the margin of safety is not affected. The 

ARTS program utilizes the results of the AOO analyses to define initial condition operating 
thermal limits which conservatively ensure that all licensing criteria are tisfied without 
setdown of the flow-referenced APRM scram and rod block trips. The specfic objective of the 

associated APRM changes is to justify replacement of the APRM trip setd.wn (gain and 
setpoint) requirement with the more meaningful ARTS power-dependentad flow-dependent 
thermal limits. The licensee stated that this change reduces the need for wan~al setpoint 
adjustments and allows a more direct thermal limits administration, increases reliability•• and 
provides more accurate protection of plant safety. The QGNPS ARTS power and flow 
dependent program is essentially the same as the partial ARTS program previously 
implemented at the LaSalle County Station units (References 46 and 47).

The elimination of the APRM gain and setpoint re 

integrity. The acceptability requirements for this 

The SLMCPR shall not be violated as a rE 

All fuel thermal-mechanical design bases 
licensing limits described in GESTAR- ýF

Dment can a 
aeare that:

iermal-mechanical

fin the GE generic fuel
Referei

The safety analyses used 
violated and the fuel therrr 
9.2 of the.Safety Analysis

The ARTS

evalUate an( 
mechanical

IOLMCPR, so that the SLMCPR is not 
are satisfied, are discussed in Section

iges

the APRM scram and rod blocks is deleted.

w power-de

3. New flow-depe

New power.

":PR adjustment factors, MCPR(P), are added.

'PR adjustment factors, MCPR(F), replace the KF multiplier.

i;ndent LHGR adjustment factors, LHGRFAC(P), are added.

,pendent LHGR adjustment factors, LHGRFAC(F), are added.

6. The affected TSs and associated Bases are modified or deleted, as required.

As discussed in the subsections below, the ARTS limits are generally determined or confirmed 

using bounding QCNPS-specific analyses, although it is stated that cycle-specific limits may be 

developed and used. This is acceptable to the staff.

1. The

2.
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9.2.1 Elimination of APRM Gain and Setpoint Requirement

The original ARTS development program included generic evaluations over a wide range of 
plant configurations, operating parameters, and power and flow conditions to generate a large 

database of limiting transients, which can also be applied to QCNPS operation in the MELLLA 
power/flow map region. This generic database was used to develop a methodology for 
specifying the MCPR and LHGR plant OLs, which assures that margin's tofuel safety limits are 

equal to or larger than those achieved with the APRM gain and setlpin quirements. These 

generic evaluations also determined the adequacy of power dependent limits developed for tw.  
power ranges: e

between rated power and the power level (byp 
stop valve closure or turbine control valve fast

the reactor si 
)ypassed, and

between bypass and 25 percent of the rated p(

Bypass is 38.5 percent of EPU rated thermal pow

The licensee stated that the generic power.  
limits developed for use in the first power n 
the limiting transients. Between bypass an 
performed to establish unique limits for the 
QCNPS-specific limits were developed with 
GE-14 fuel, using the GEXL-PLUS correlat 
cycle-specific limits may be used in the fst• 
the staff. I

d 25 
low 
Isuff

wer ra 
ent coi

nd flow-dependent) MCPR and LHGR 
ified by QCNPS-specific analyses of 
)ower, OCNPS-specific analyses were 
ige. The licensee stated that these 

'servatism to cover future reloads of 
he GEMINI analysis methods, although 
lion of the range. This is acceptable to

9.2.1.1

To develop a 
transient ana 
rated core fic
in Figure 2-1. The plar 
and 5-1. The FWCF eN 
(equivalent to a reducti

Power-Del

t-specific but cycle-independent ARTS thermal limits, the AOO 
rmed uing the EPU thermal power of 2957 MWt and 108 percent 
s shown on the licensee's Safety Analysis Report power flow map 
conditions and system setpoints are summarized in Tables 1-2 
analyzed with a FW temperature of 256 OF at rated power 
DO °F). This is acceptable to the staff.

mnt MCPR Limit, MCPR(P)

From bypass to rated power, bounding power-dependent trend functions (Kp) are used as 
multipliers to the rated OL MCPR values to determine the MCPR(P) limits. The licensee stated 
that the FVWCF event is more limiting than the generator load reject without bypass as the 
initiating power is reduced. The QCNPS-specific calculated values were compared with the 

generic limits in Table 9-3 of the licensee's Safety Analysis Report to verify the applicability of 
the generic limits.

bine
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The licensee noted that the QCNPS ARTS program is a partial application (like LaSalle's), in 
that QCNPS is not implementing hardware changes to the RBM system, which would provide 
protection for an off-rated RWE. Instead, analyses of the off-rated RWE event with no rod 
block were performed to verify that the combination of the generic K(P) and the QCNPS
specific MCPR(P) limits bound the SLMCPR limit requirement.

The licensee stated that the idle recirculation loop startup (IRLS) was 
ARTS and that the assumption of an initial 50 OF delta-T between lool 
consistent with the QCNPS TS requirements.  

Below bypass and above 25 percent power, bypass of the direct scra 
stop valve and turbine control valve changes the characteristics of th 
without bypass (LRNBP) transient events. Both events were analyze 
are calculated as OLMCPR bounding values for both initial high flow 
The calculated and limiting values are shown in Table 9-4 and Figure 
This is acceptable to the staff.  

9.2.1.3 Power-Dependent LHG R Limit, LHGFRFAC(P)

Power-dependent LHGR limits are 
generic database. The licensee st 
melting of the fuel and the plastic 
transient analyses were performec 
limits above bypass, as shown in 
and low core flow multipliers were 
with sufficient margin to apply to f 
SAR. Figure 9-6 shows the bound 
multipliers for both power ranges 
to the staff>+..°

,ensee sta 
violated di 
low increa.  
correspor 

Nere verifi4 
3nt xenon).

ýd generically for 
opriate and

m on closure ot Me turnine 
- FWCF and load reject 
d and the MCPR(P) limits 
and low-flow conditions.  
9-5 of the licensee's SAR.

achieved by a LHGRFACP) mu)ltiplier derived from the 
tates that, for GNF fuel designs, both incipient centerline 
strainof the cladding are considered. QCNPS-specific 
to confirm the applicability of the generic LHGRFAC(P) 

Fable 9-5 o the liceslee's SAR. Below bypass, both high 
calculateby QCNPS-specific analyses to establish limits 
uture GE-14#rloads, as shown in Table 9-6 of the licensee's 
ling QCNPS-specific power dependent LHGRFAC(P) 
)nd for both low and high initial core flow. This is acceptable

ACPR(F)

ted that the flow-dependent MCPR(F) limits ensure that the safety limit MCPR 
wring recirculation flow increase transient events. The design basis event is a 
se which is not terminated by a scram, but which stabilizes at a new higher 
"iding to the maximum possible core flow. The generic flow dependent MCPR 
ed b• performing flow runout at a typical mid-cycle exposure plant condition (at 
,along a rod line bounding the MELLLA power up to the maximum core flow 
rcent core flow. The bounding generic and cycle-independent ARTS MCPR(F) 
in Figure 9-7 of the licensee's SAR. This is acceptable to the staff.

9.2.1.5 Flow-Dependent LHGR Limit, LHGRFAC(F) 

The licensee stated that the flow-dependent LHGRFAC(F) limits assure that all fuel thermal
mechanical design bases are met for a slow recirculation flow runout event. The same generic 
transient analyses were statistically evaluated for the bounding overpower as a function of the

9.2.1.4 FIc

The 
is n( 
slo"
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initial and maximum core flow, to ensure that the peak transient LHGR would not exceed fuel 

mechanical limits. These bounding flow dependent limits, as shown in Figure 9-8 of the 
licensee's SAR, are generic and cycle-independent. This is acceptable to the staff.

9.2.2 Overall Governing MCPR and LHGR Limits

The licensee stated that for a given power/flow statepoint (P,F) all four im 
LHGRFAC(P), MCPR(F), and LHGRFAC(F)) are determined and the mos 
(maximum value) and most limiting LHGR (minimum value) will be tlhie.  

that the MCPR curves have to be adjusted if the assumed SLMCPR vafd 
to be changed. Changing the TS SLMCPR would require a separate•subr 
acceptable to the staff.

ýPR(P), 
ig MCPR 
I limits. Note 
)9 Table 9-1)

9.3 Desien Basis Accidents

9.3.1 Background to Evaluation of Radiological I

ELTR1 provides generic guide 
thermal power. The guidelines 
Section 5.4 and Appendix H of 
radiological consequences of 
to the environment. This relea 
transport mechanisms betwee 
inventory of fission products in 
fuel by irradiation, and the con 
are directly proportionalto the 
power can be expected to i.cr 
release. The previously analy 
modifications associated with 
The ELTR1 states that the EP 
consequences are still boundi 
areas adversely affect byth

seauenc( 3asis Accidents

lines for justifying operation at up to 20percent increased core 
s for the performanceof ra•diologica• evaluations are contained in 
ELTRI. 'Section 5.4 shows that the magnitude of the potential 
SDBA is~ proportional to the quantity of fission products released 
se depends on the activity released from the core and the 
n th core and the effluent release point. In general, the 
the fuel rod, the creation of radioactive materials outside of the 

centration of••dioactive material in the reactor coolant system 
rated therna power. Thus, an increase in the rated thermal 
ease the inventory of radioactive material that is available for 
zed.transport mechanisms could be affected by plant 
the power uprate, potentially resulting in a larger release rate.  
U application will provide justification that current radiological 
ng and within applicable criteria or will provide reanalysis of any 
e proposed uprate.

Appendix H of the ELTRI describes the generic bases to be used in the generic radiological 

evaluations or in reanalysis of any areas adversely affected by the EPU. ELTRI is based, in 

part, on two limitations- (1) the reactor core design undergoes only small modifications by the 

cha ngein power,.and (2) the core design is accomplished with fuel bundles of the same type. If 

there are significant changes to the fuel loading or design parameters, the EPU application will 

need to reassess changes to the isotopic concentrations in the fuel. Also, the impact of 

increased fuel enrichment and burnup would need to be addressed if these parameters exceed 
any of the requirements of 10 CFR 51.52(a).

Appendix H of the ELTR1 provides that existing calculations as shown in the current UFSAR 

are valid and that, with few exceptions, the postulated results are changed by the magnitude of 

the change in radiation source. The increased consequences can be resolved on a ratio-of-the-
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sources basis. Exceptions are associated with changes in radioactive material transport 

assumptions and methods caused by modifications to the plant pursuant to the uprate. The 

appendix provides that new calculations will be carried out only as necessary. There are some 

design basis events, such as a main steam line break, which release the radioactive materials 

in reactor coolant to the environment. Since the evaluations for these events utilize the reactor 

coolant concentrations established by the TSs, the consequences of these events will not 

change unless the mass of coolant lost changes. /

Section 2.8 of the NRC staff position on ELTR1 (Referer 
calculations found in the SAR should remain valid as a r, 
be increased by the magnitude of the change in the sout 
increased doses must meet the dose acceptance criteriE 
the licensee must demonstrate assumptions and conditW 

these assumptions are not met, applicants will be expec 
radiological analyses.

e 4) provi 
3Ult of the
e term.

existing 
it the dos

lant's licensing basis 
d in the ELTRI are m 
3alculate the affected

ELTR2 presents specific evaluations of areas of li, 
to some or all of the BWR product lines. SectQio 
on radiological consequences of design basi b 
scope and detail to that provided in Section 5.4 ar

sing review fý 
2.2.3 of ELTF 
its and provic

generically applicable 
resses the EPU impact 
ormation comparable in

TR1.

9.3.2 Plant-Specific Evaluation

Section 9.3 in the licensee's safety analysise (Rference 2) addresses the impact of the EPU on 

the previously analyzed radiological consequences of DBAs for QCNPS. This section is based 

on the guidelines in Secti ELTRI. plant-specific radiological assessments were 

evaluatedat 102 percent of the proposed rted thermal power, consistent with the guidance of 

Regulatory Guide 1 49, "Power Levels of Nuclear Power Plants." 

Development of Plant-Specific Scaling Factors 

The core fission product inventory used in performing the existing, pre-EPU radiological 

consequence analyses is based on the curies per megawatt-thermal (Ci/MWt) constants 

provided in TID-14844, "Calculation of Distance Factors for Power and Test Reactor Sites." 

This document, published inrl 962, provides Ci/MWt values for several reactor fission products.  

These values are representative of the low burnup fuels considered at that time and the fission 

product generation and depletion analysis methodology then available. These inventories were 

dominated by fission product yields from uranium-235 (U-235) fission. During power operation, 

U-2.39.is producedby the irradiation of U-238, with the U-239 subsequently decaying to 

ptutonium-239 (Pu-239), which is fissionable. At current high fuel burnup levels, the fission of 

Pu-239 contributes significantly to the fission product inventory in the core. Also, the fission 

product yields from Pu-239 differ from those for U-235, resulting in changes in the fission 

product composition. In order to address these impacts of the EPU, EGC had a recalculation 

performed of the core fission product inventory for GE-14 fuel and a 24-month fuel cycle using 

the industry-accepted ORIGEN2 code. This code utilizes updated fission product yields and 

decay chains and includes the fission product contributions of Pu-239 and other transuranic

dthat 
. If
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nuclides. In recalculating the fission product inventory, EGC has addressed the ELTRI 

guidelines regarding the assessment of the impacts of the EPU and higher burnup fuel impact 

on radionuclide composition and inventory. The staff finds this approach acceptable.

The scaling factor used to correct the previously analyzed thyroid doses for the ir 

EPU is the ratio of the ORIGEN2 iodine inventories at the EPU power level to the 

TID-14844 iodine inventories at the pre-EPU power level, weighted forthe iodine 

Similarly, the scaling factor used to correct the previously analyzed whol body d 

impact of the EPU is the ratio of the ORIGEN2 noble gas inventories at theEPU 
the previous TID-14844 noble gas inventories at the pre-EPU power lvlweigh 

whole body dose factors. The resulting scaling factors for the thyroid dose and tl 

dose due to the change in core inventory are 1.27 and1. 18, respectively.  

Since the previous control room dose DBA LOCA analyses were performed usin 

product inventory based on the pre-EPU rated thermal pwerwithout the 2 percE 

EGC increased the scaling factors for the control roomto 1. .30 fothyrod and 1.', 

body for the DBA LOCA results only.  

The staff finds the method used to determinethe scaling factors to be appropriat 
consistent with the staff-approved ELTR1 an ELTR2 and the conditions identifiE 

associated staff SER. N 

Annlication of Scalina Factors to Pre-EPU Analvses

-pact of the 
previous 
dose factors.  

loses for the 
power level tc 
ted for the

g a fission 
•nt margin, 
0 for whole

e and 
•d in the

EGC considered the plant-ý 
rod drop accident (CRDA), 
containment, instrumentlir 
component failure. The re! 
LOCA, ORDA nd FHA, ti
radiological consequences 
scaling factors described a 
that would impact the trans 
adjustments or re-ananyse 
pathway during a CRDA, I 
steiam line flow into the ma

specific EPU in"at on the following DBA accidents: LOCA, control 

fuel handling accidn(FHA), main steam line break (MSLB) outside 
e break (ILB) otside containment, and an offgas treatment system 

ýlts of these analyses are tabulated in the table below. For the 
ie EPU does impact the fission product inventory. Accordingly, the 
postulated in • rior analyses were multiplied by the plant-specific 
bove. For the LOCA and the FHA, there were no plant modifications 
iport of radioactive material to the environment so no further 

were necessary. For the mechanical vacuum pump release 
ie scaling factors were increased to account for the increased main 
in condenser at EPU conditions.

For the MSLB and the ILB accidents, the analyses assume that the reactor-coolant-specific 

activity is at the maximum value allowed by TS, expressed in terms of dose equivalent iodine

131 Therefore, these analyses are not affected by the EPU. The source term used in pre

EPU analyses for evaluating the offgas treatment system component failure was set 

conservatively and independently of the reactor thermal power. For the MSLB, offgas, and ILB 

accidents, the EPU does not affect transport assumptions used in the analyses. Specifically, 

EGC has proposed to operate at the same reactor dome pressure post-EPU as pre-EPU.  

While the post-EPU normal operational steam flow will be greater, the flow restrictors in the 

steam lines establish the maximum flow rate at which steam will flow during MSLB conditions.  

The pre-EPU analyses were based on the maximum flow rate, which is unaffected by the EPU.

• .•,1• .................. ,-1 .........
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As a result of these considerations, the EPU has no impact on previously analyzed 

consequences of the MSLB, ILB, and offgas treatment system component failure events.  

QCNPS RADIOLOGICAL ANALYSIS RESULTS, REM

0-2 hr EAB 
Whole 

Event Body Thyroid 

Loss-of-Coolant Accident 
Pre-EPU 5.0 120.0 
Post-EPU 6.0 152.0 
Criterion 25.0 300.0 

Control Rod Drop Accident 
Pre-EPU 2.9 9.4 
Post-EPU 3.4 12.1 
Criterion 6.25 75.0 

Fuel Handling Accident 
Pre-EPU 0.36 9..  
Post-EPU 0.42 12.  
Criterion 6.25 75.0 

Control Room Doses ...

As notE 
using tl 
reports 
operati 
regulat 
issues 
assumo 
envelo

EGG 
....metf

•d 

. T 
on, 
ory

ptions at many 
ue during accid 
ccidents, the st 
able assuranc 
function to pro 
arv to opera'te

CR30-day LPZ 
Whole 
Body Thyr

) <

Thyroid

1

152.0 
300.0

0.22 
0.27 
5.0

C
0.69 
0.87 

75.0

0.012 
0.014 
5.0

2 4 .f 
30.0

21.8 
28.0 
30.0

7.66 
9.73 

30.0

evaluated the consequences of the EPU on control room habitability, 
iodology presented in the staff-approved ELTRI and ELTR2 topical 

urrently evalua~ting, on a generic basis, deficiencies in the design, 

nance of control room habitability systems and is pursuing appropriate 
, staff expects to issue a generic letter and regulatory guidance on these 

of the primary deficiencies identified by the staff involves unsubstantiated 
plants regarding the amount of unfiltered in-leakage to the control room 
erl conditions. Due to the magnitude of the potential increases in post

aff re••ewed the EGC submittal to determine whether there was 

ý that the QCNPS control room habitability systems could perform their 
vide plant operators a habitable environment in which to take actions 
the plant in a safe manner.

"Thestaff reviewed an earlier license amendment application dated May 19, 1997, for QCNPS.  

In this application, the then-licensee, Commonwealth Edison, described the results of tracer gas 

testing of the unfiltered in-leakage and stated that the measured unfiltered in-leakage was less 

than leakage previously assumed in control room habitability analyses. The May 19, 1997, 

licensing action was retracted by Commonwealth Edison. For the EPU application, the staff 

requested that EGC provide additional information confirming that the in-leakage conclusion 

was still valid. In its response dated July 6, 2001, EGC asserted that the in-leakage conclusion
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was still valid and described ongoing programs and surveillance tests that are intended to 
assure that any degradation in unfiltered control room in-leakage is identified and corrected.  
While the staff resolution of the control room habitability issue may deem it necessary to 

generically require periodic boundary integrity retesting, the staff believes that the earlier testing 

and the ongoing control program at QCNPS provide reasonable assurance that the EPU will not 

have an adverse impact on control room habitability. The staff's acceptance of EGG's unfiltered 
in-leakage conclusions does not preclude any future generic regulatory actions that may 
become applicable to QCNPS in this regard.

The staff reviewed the assumptions, inputs, and methods Used by EGC to assess the 
radiological impacts of the proposed EPU at QCNPS. In doing this review, the staff relied upon 
information provided by EGC, staff experience in doing similar reviews, and the staff-accepted 
ELTR1 and ELTR2 topical reports. The staff finds that EGG used analysis methods and 
assumptions consistent with the conservative guidance of ELTRI and ELTR2. The staff 

compared the doses estimated by EGC to the applicable criteria. The staff finds, with 
reasonable assurance, that the licensee's estimates of the EAB,.LPZ, and control room doses 
will continue to comply with 10 CFR Part 100 and 10CFR 50, Appendix A• GDC 19, as clarified 

in NUREG-0800 Sections 6.4 and 15. Therefore, •QNPS operation atthe proposed EPU rated 

thermal power is acceptable with regard to teadiological conseqUprces of postulated design 

basis accidents.- 

9.4 Special Events 

9.4.1 Anticipated Transient Without Scram (ATWS) 

The ATWS is defined as anA•O with failure of the reactor protection system to initiate a 

reactor scram to terminate th;eevent. Th requirements for ATWS are specified in 
10 CFR 50.62. The regulation requires BWR facilities to have the following mitigating features 
for an ATWS evnt: 

1. a standby liquidctrol (SL system with the capability of injecting a borated water 
solution with reactivity control equivalent to the control obtained by injecting 86 gpm of a 

13 weight percen.(sodium pentaborate decahydrate solution at the natural boron-10 
isotope abundance into a 251 inch inside diameter reactor vessel 

2. an alternate rod insertion (ARI) system that is designed to perform its function in a 
reliable manner and that is independent from sensor output to the final actuation device 

3 equipment to trip the reactor coolant recirculation pumps automatically under conditions 
indicative of an ATWS.  

BWR performance during an ATWS is also compared to the criteria used in the development of 

the ATWS safety analyses described in NEDO-24222, "Assessment of BWR Mitigation of 
ATWS," Volume II (Reference 43). The criteria include (a) limiting peak vessel bottom pressure 

to less than the ASME Service Level C limit of 1500 psig, (b) ensuring that the peak cladding 
temperature remains below the 10 CFR 50.46 limit of 2200 OF, (c) ensuring that the cladding
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oxidation remains below the limit in 10 CFR 50.46, (d) limiting peak suppression pool 

temperature to less than 202 OF (which is the limiting temperature selected to ensure that the 
LOCA analyses results remain bounding), and (e) limiting the peak containment pressure to a 

maximum of 62 psig (110 percent of containment design pressure).

The ATWS analyses assume that the SLC system will inject within a 
reactor subcritical from the hot full-power condition and to maintain & 
the reactor has cooled to the cold-shutdown condition. In accordancý 
methodology, the licensee re-analyzes the ATWS event if changes tc 
plant modifications will affect the ATWS response.

The licensee stated that QCNPS meets the ATWS mitig 
50.62, because (a) an ARI system is installed, (b) the bc 
86 gpm, and (c) an automatic ATWS-RPT has been inst 
the ATWS analyses and provides a generic evaluation c 

terms of overpressure and suppression pool cooling: (a 
failure - open (PRFO), (c) LOOP, and (4) inadvertent op 
licensee performed the ATWS analyses, as discussed i 
condition to demonstrate that QCNPS meetstheATWS 
benchmark for the plant response to limiting ATWS •evei 
performed the ATWS analyses based on the current rat,

Section 9.4.1 of the licensee's S, 
and the corresponding results (p 
suppression pool temperature, a 
results of the ATWS analyses m0 
response to an ATWS event fori

The analysis 
is 1418 OF. " 
examined th 
than the EPI 
NRC-aoorov

Stl

thi

'ed meth( 
he staff a

f concludes 
50.62 and 
icceDtance

the

peak 
the A 
J ope

ening of 
i ELTR1, 
acceptan

Uirements defined in 10 CFR 
tion capability is equivalent to 
ýction L.3 of ELTR1 discusses 
)wing limiting ATWS events in 
osure, (b) pressure regulator 
a reliefalve (IORV). The 
at theMELLLAIEPU operating 

ice criteria. To provide a 
U conditions, the licensee also 
il power.

nput parameters used in the ATWS analyses 
m pressure, peak cladding temperature, peak 
ment pressure). The licensee stated that the 

'ceptance criteria. Therefore, the plant's 
acceptable.

TWSPCT for the current RTP is 1478 OF and that the EPU PCT 
d during t audit that the stated PCT values are correct and 
values. The staff also found similar trends (pre-EPU PCTs higher 

licensee calculations. Since the ATWS analyses are based on 
he licensee performed the ATWS analyses at the MELLLA/EPU 
ie licensee evaluation.

that QCNPS meets the ATWS mitigating features stipulated in 

that the results of the ATWS analyses for EPU/MELLLA operation meet the 
criteria. Future reload analyses will confirm that the plant response to an 
d on the cycle-specific condition, will continue to meet the ATWS acceptance

9.4.2 Station Blackout (SBO) 

The staff has reviewed information provided by the licensee to determine the impact of the 
power uprate on the existing analysis performed for SBO. The licensee stated that SBO 
evaluation was performed using the guidelines of Nuclear Management and Resources Council
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(NUMARC)-8700, "Guidelines and Technical Bases for NUMARC Initiatives Addressing Station 

Blackout at Light Water Reactors," except where RG 1.155 takes precedence. The licensee 

stated that the plant responses to and coping capabilities for an SBO event are not affected by 

operation at the EPU level because the increase in decay heat for EPU is absorbed by the torus 

water inventory. There are no changes to the systems and equipment used to respond to an 

SBO, nor is the required coping time changed.

The initial conditions and assumptions for SBO under EPU 
consistent with NUMARC 8700 and RG 1.155. The EPU d 
operating history of 100 days at the full uprated power con( 
event.  

On April 6, 2001, the licensee provided the following additi 
evaluation of the EPU effect on the dominant areas of con 
to mitigate the SBO event:

iditioi 
iy heE 
)ns of

formation describing its 
rntaining equipment necessary

Drywell Temperature

The licensee stated that the reactor presst 
same and there are no significant changeý 
in FW temperature occurs post-EPU; how 
(calculated to be 74 OF in pre-EPU CalCUla 
remain.  

Suppression Pool Temperature

;in dryýA 
ever the 
tions) to the dr

*e and pressure remain the 
ces.A slight (<17 OF) increase 

ýrmined that significant margin 
esign temperature would

The licensee determined that the increase d additional decay heat post-EPU would be less 

than 6 'F. Pre-EPU evaluations determined that suppression pool temperature would not 

exceed 130 T in the 1-hour period without ac power. The temperature increase is bounded by 

the containment analysis for LOGA conditions and significant margin to design limits remains.  

Control Room Ventilationand Auxiliary Electric Equipment Room Ventilation 

The licensee's pre-EPU calculations indicated that the peak 1-hour temperatures were 

acceptable. The heat loads in these areas are primarily related to indicating lights and other 

non-power-dependent electrical equipment and remain the same as before. Therefore, the pre

EPU evaluation remains valid.  

RCIO..Roomr H-eatur 

The licensee noted that the pre-EPU calculation for room temperature assumed a constant heat 

load from RCIC operation. Therefore, notwithstanding the slightly increased operation time 

post-EPU, the results remain valid.

Contaminated Condensate Storage Inventory I
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The higher decay heat for the EPU operation would increase the boiloff rate; therefore, the 

ability of the plant to maintain core coverage using the available inventory in the CCST could be 

affected.  

The staff has reviewed QCNPS' ability to cope during a station blackout and to ensure core 

cooling and coverage during the event. The staff accepts the licensee's conclusion that the 

plant's SBO coping capabilities will not be adversely affected by EPU operation.

DC Battery Capacity 

The licensee stated that pre-EPU battery cell sizing caic 
dc and 250 volt dc batteries. These calculations consid 
combined set of loads from a variety of events. It was c 
250 volt dc batteries that adequate margin exists. The I 
SBO duration are slightly increased under EPU conditio 
battery load profile remains bounding because it assum 
multiple HPCI initiations during a 4-hour duration.  

Based on the review of the licensee's rati 
operations at the proposed EPU on the systems andeq.  
event is insignificant. The staff concludlesthat the plant 
of 10 CFR 50.63 for EPU conditions.  

10.0 ADDITIONAL ASPECTSOF EXTENDED EPU

10.1
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hour load profile based on a 
d for both the 125 volt dc and 
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erestrictive scenario of

that theimpact of plant 
nt usd to cope with an SBO 
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enerqv line bi

to achie) 
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"in the sy, 
reak (HEL

1 Temperature,

the proposed higher power at the QCNPS is to expand the 
ver/flow map through implementation of MELLLA. Operation at 

an increase in the reactor vessel dome pressure over the 
steam to the turbine. Therefore, plant operations at the EPU 

impact (due to changes in the fluid conditions, i.e., pressure or 

ing) on the mass and energy release rates following a high
ide the primary containment.

ssure, and Humidity Profiles Resulting from HELB

Th•elicensee performed a HELB analysis for all systems (e.g., main steam system, FW system, 

RCIC system) evaluated in the UFSAR. The licensee stated that affected buildings and 

cubicles that support the safety-related functions are designed for the environmental conditions 

(i.e., pressure, temperature, and humidity profiles) due to plant operations at the proposed EPU 

level. The equipment and systems that support a safety-related function were evaluated and 

determined to be qualified for the environmental conditions.

Based on the review of the licensee's rationale, the staff concludes that the environmental 
conditions used to qualify equipment and systems that support a safety-related function remain
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bounding or the rooms and equipment have been appropriately evaluated for the EPU effects.  

The pressure, temperature, and humidity profiles resulting from a HELB outside the 

containment are acceptable for plant operations at the proposed EPU level.

10.1.1.1 Main Steam Line Break (MSLB)

The licensee stated that the critical parameter normally affecting the 
the EPU would be an increase in reactor vessel dome pressuLire. Sit 
the reactor vessel dome pressure, there is no increase in the blowdc 
in the steam tunnel. Therefore, the pressure and temperature profilE 
steam tunnel are not affected for plant operations at the proposed.  
letter dated August 7, 2001 (Reference 19), provided additional infor 
of increasing the main steam isolation setpoint on high-energy line b 

analyzed with a circumferential rupture, resulting in the flow restricto 
bounding other breaks. Credit was taken for isolation on high flow; [ 
that in the event of smaller breaks not resulting in high steam line flo 
pressure or high steam tunnel temperature isolation signals wil func 
These isolation signals are governed by the QCNPSsT.

ilysis relative to 
; no increase in 
lowing an MSLE 
i.an MSLB in th

"mation regarding the effect 
reaks. The MSLB was 
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iowever, the licensee noted 
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Based on the review of the licensee's r 
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are acceptable for plant operations ati t
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LB in 
d EPL

gained from the staffs 
ff concludes that the existing 
tunnel are not affected and

vel.

10.1.1.2 Feedwater Line

At the EPU i 
increase of.  
licensee pel 
details of the 
analyzed wit 
the effect of 
conditions to 
peak pressu 
steam tunne

rature 
ýsults i

th.  
,eI 

IVs

evalua 
re woul 
I enviro 
profiles 

ndicate,

e FW temperature, pressure, and flow rate increase slightly, resulting in an 
nt in the mass and energy release for a feedwater line break (FWLB). The 

an analysis for FLB in the steam tunnel. The licensee provided additional 
es in its letter dated August 7, 2001 (Reference 19). The FWLB was 
curre ntmaam steam line break to establish a design basis for QCNPS. For 
J, the licensee ran benchmark calculations using both current and EPU 
te t•i effects of the changes. The results were used to estimate that the 
d remain lower than the design basis value of 27.5 psia used for main 
nmental parameters. The licensee also evaluated the long-term 

using the COMPARE code to calculate current and EPU temperatures.  

d that the temperature difference was insignificant and within the accuracy 
Fhe licensee stated that design margins within the pre-EPU HELB analysis 
am tunnel are conservative and remain bounded by the MSLB with a

_15.

Based on the review of the licensee's rationale, the staff concludes that the pressure and 

temperature profiles following a FWLB in the main steam tunnel have been adequately 
evaluated.

10.1.1.3 ECCS Line Breaks
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Because there is no increase in the reactor dome pressure relative to the current analyses, the 

mass release rate following a HPCI line break does not increase. The licensee stated that the 

previous analyses for these line breaks are bounding for the EPU conditions.

Based on the review of the licensee's rationale and the experience gained from t 
review of power uprate applications for similar BWR plants, the staff concludes tt 
previous analyses for these line breaks remain bounding for the EPU conditions.  

10.1.1.4 RCIC System Line Breaks 

Because there is no increase in the reactor dome pressure relative to the curreni 
mass release rate following a RCIC system line break does not inc'rease. Th4 e li 
that the previous analyses for these line breaks are bounding for the EPU conditi

staff's 
the

a
ed

Based on the review of the licensee's rationale and the 
review of power uprate applications for similar BWR pl! 
previous analyses for these line breaks remain boun• i for the

ied from the staff's 
ncludes that the 

.ditions.

10.1.1.5 Reactor Water Cleanup (RWCU) I

The licensee performed evaluations ai 
subcooling with no reactor vessel don
slightly. Conservative model assumpt 
mass release increase. The subcomV 
determined to be acceptable. Therefr 
breaks remaLnoS bounding frtheEPU

Based on tl 
review of pi 
previous ar 'U lir

)re 
c

stated that as 'a resut of the small increase in 
pressure icrease, the blowdown rate increases 

ns were stated to more than offset the effect of the 
rtment pressure increase was evaluated and 
e, th previous HELB analysis regarding RWCU line
0I

rationale and the experience gained from the staff's 
r similar BWR plants, the staff concludes that the 
s remains bounding for the EPU condition.

10.1.1.6

The licensee evaluated 
rate remains the same 
analysis regarding the

n the

pre\ 
coný

3 nstrument line break analysis, which indicates that the blowdown 
I there is no pressure increase. Therefore, the previous HELB 
:rument sensing line breaks remains bounding for the EPU condition.

Jew of the licensee's rationale and the experience gained from the staff's 
Uprate applications for similar BWR plants, the staff concludes that the 
ýs for the instrument sensing line breaks remain bounding for the EPU

10.1.1.7 Internal Flooding from HELB 

The licensee stated that the analyses for flooding in the main steam tunnel assumes flooding of 

the entire below-grade volume. This assumption is conservative and bounding for the EPU
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conditions. In its August 7, 2001, response to the staff, the licensee addressed the effects of 
plant operations at the proposed EPU on the internal flooding for other systems outside the 
containment. The licensee stated that other high-energy line breaks in the turbine building, 
such as breaks in the FW and condensate systems, are bounded by the worst-case internal 
flooding from a postulating pipe break in the moderate-energy circulating water system inside 
the turbine building.

Based on the review of the licensee's rationale and the e 
review of power uprate applications for similar BWR plan 
previous analyses regarding internal flooding remain bou 

10.1.2 Moderate-Energy Line Break (MELB)

ice

Ig for tl

the staff's 
that the 
Jitions.

The licensee stated that the MELB analysis is based oi 
the EPU. The circulating water system can accommoc 
system flow rate, therefore, changes are not planned.  
licensee addressed existing moderate-energy flooding 
related equipment from flooding in the turbine building.  
heat removal service water pumps, which are located 
protective features for circulating water flooding includ 
high level in the condenser pit area; however, the ultim 
building to the level of the river through gravity feed.

With regard to MELB for the p 
resulting from a postulating MI 
10.1.1.7 above, the worst-cas 
circulatingwater system insidE 
flooding remain boUrnding for t 
system. Therefore, the staff c 
the proposed EPUconditions.

nalyses ar 
\t QCNPS 
watertight

rameters not changed with 
heat load at the existing 

to the staff's RAI, the 
ifetures to protect safety
this iniudes the residual 
Sau:ts. Existing active 
circulating water pumps on 
ence remains flooding of the

1ed EPU4onditions, the primary concern is internal flooding 
outsidethe containment. As indicated in the above Section 
,rnal floodingis from a postulating pipe break in the 
turbine builing. The previous evaluations of internal 
-oposed EPU as there is no change in the circulating water 
ide's that MELB is not a concern for QCNPS operations at

10.2

10.2.1 Environmental ( on of Electrical Equipment

ensee evalu• 
land accider

ated the safety-related electrical equipment to ensure qualification for the 
t conditions expected in the area in which the devices are located. The 
•margins to the environmental parameters in accordance with the original 
m and determined that no change is needed for EPU.

EPU is expected to increase both the normal and post-accident radiation conditions (integrated 
dose) in the plant by no more than the percentage increase in power level. However, the 
licensee performed EPU assessment in conjunction with the change to a 24-month fuel cycle.  
The increase in accident conditions resulting from combined effect of EPU and a 24-month fuel 
cycle is dependent, as a function of time, on the controlling radiation source (i.e., suppression 
pool water, drywell atmosphere, etc.) and the credited shielding. The increase in radiation
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levels reflects the use of current computer codes, methodology, and nuclear data in developing 

the uprated core inventory versus the methodology, computer tools, and nuclear data in the 

development of the original licensing basis core inventory. The increase reflects the inclusion 

of several hundred additional isotopes in the new core, as well as a 2 percent margin for 

instrument error recommended by Regulatory Guide 1.49. For purposes of equipment 
qualification, the maximum increase in the normal and accident radiation environment 

applicable to existing safety-related equipment is conservatively evaluated to be.20 and 40 
percent, respectively.

10.2.1.1 Inside Containment

EQ for safety-related electrical equipment located insic 
and/or DBA/LOCA conditions and their resultant tempE 
consequences and includes the environments expecte 
The maximum accident radiation levels used for qualifi 
are from a DBA/LOCA. The review of the EPU conditi 
within the containment, which could potentially be aft.  
level. However, the qualification of this equipment wa! 
calculations or by the use of new test data. The licens 
pressure and temperature conditions are impacted for 

The present drywell peak pressure for qualifica 
condition.  

The present and EPJ drywell temperature p

)d by t
ved

.tioc

tainment is based on MSLB 
*essure, humidity, and radiation 
during normal plant operation.  

Squipment inside containment 
ed••ome equipment located 

ahigher accident radiation 
by refined radiation 
(Reference 9) that the drywell 
oilows.  

psia is bounding for the EPU

; are shown below.

____________________ 1
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-i i
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I 1
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I I
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I I

112

EPU Temperature 
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338

338

303

288

183

146

130

For all equipment inside the containment within the EQ program, evaluations were performed to 
demonstrate that existing environmental documentation was adequate to meet the revised 
temperature and pressure values due to EPU. Evaluations were done for each equipment type 
using the following approach.
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1. The qualification test temperature conditions for the required operability period during 

the first 24 hours following a LOCA were shown to envelop the corresponding EPU 

temperature profile.  

2. The qualification test temperature conditions for the required operability period from 2, 

hours to 1 year following a LOCA were shown to meet the revised EPU temperature 
profile using the Arrhenius methodology. ,

3. The maximum test pressure was shown tc 

The licensee concluded that EPU did not result in 
equipment required to operate following an accid( 

The current EQ for equipment inside the containn 
20 percent to 90 percent and an accident relative 
for the EPU.  

Additionally, operation at EPU conditions change, 
areas in which electrical equipment is located. F( 
were compared to the existing posted qualfied te 
equipment (electrical penetration assemlblies and 
current posted values. Material analysis and othc 
assemblies were utilized to demonstrate qualific 
dose analysis was performed to demonstrate qua

In summa 
to the nev

e safety-ri 
perature e

ctrical 
ion prc

"evis

nges to

a normal relative humidity of 
percent. This is not changed

the radiation envidronmnts for certain plant 
)r the EQ equipment revised radiation values 
stvalues. This comparison identified some 
cables) wherethe EPU profile exceeded the 

#r test report data for the electrical penetration 
tion to the EPU values. A unique radiation 
ilification to the EPU values for cables.

iinside the primary containment is qualified 
ýo the EPU.

10.2.1.2 C

Accident temperature pre+ssure, and humidity environments used for qualification of equipment 

outside containment result from main steam and FW line breaks in the steam tunnel, or other 

HELBs, whichever is limiting foreach plant area. The accident temperature, pressure, and 

humidity conditions outside containment resulting from a LOCA inside containment may change 

with the power levels as a result of the increased suppression pool temperature. The licensee 

stated (Reference 9) that no changes to pressure or humidity environments result in areas 

outSide containment for a LOCA inside containment. Changes for temperature environments 

outside containment for a LOCA inside containment are being determined and evaluated for 

effects on qualification of electrical equipment within the EQ program. Evaluations will be done 
t6•show that the existing environmental documentation is adequate to meet the revised 

temperature profile due to EPU. Evaluations will be done for each equipment type using the 
following approach.

1. Existing documentation will be used to show that the qualification test temperature 

profile envelops the revised peak temperature for EPU.
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2. The qualification test will be shown to meet the revised post-LOCA conditions outside 

containment for EPU using the Arrhenius methodology.  

The licensee stated (Reference 18) that the reviews of EQ equipment were performed and the 

equipment was shown to meet the revised environmental parameters following EPU.  
Qualification was shown by one or more of the following industry standard methods for EQ 
reviews:

1. Existing documentation was used to show that t& 
profile and radiation dose bound the EPU conditi 

2. An additional test report was obtained for the eqL 

3. New test data on materials was used to demonsi 

4. An equipment-unique radiation calculation was p 

Most equipment was shown to be qualified for EPU co.  
analysis, as identified in item 1 above.  

The Rosemount pressure transmitter installed outside pi 
rigorous evaluation. Location-specific radiation dose cal 
for the transmitter was used to qualify for the revised EF

In summary, the safety-rel, 
to the new temperature ani

10.2.2

In its August 
control progr 
diaphragms) 
to function.  
accident env 
comrared w

ni
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ironmenta 
ith the ranf

id electrical

'nt qIL

cation.

no additional

ry containment required more 
tion to determine specific total dose 
ivironmental conditions.

;ide the primary containment is qualified 
EPU.

With Nonmetallic Components

e to the staff, the licensee stated that the QCNPS plant design 
nonmetallic components (i.e., seals, gaskets, lubricants and 
ified and procured for the environment in which they are intended 

~d that the changes in operating conditions, as well as normal and 
ions, have been determined for EPU. These changes are minor 
)nditions allowed for mechanical components.

on the revie 
it environm4

w•of the licensee's rationale, and since the changes in the normal and 
n•tal conditions inside and outside the containment and the system process 

iegligible, the staff concludes that the environmental qualification of the 
nents exposed to the EPU conditions is not adversely impacted.

10.2.3 Mechanical Components Design Qualification 

10.2.3.1 Equipment Seismic and Dynamic Qualification
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The licensee evaluated equipment qualification for the power uprate condition. The dynamic 
loads such as SRV discharge and LOCA loads (including pool swell, condensation oscillation, 

and chugging loads) that were used in the equipment design will remain unchanged as 

discussed in Section 4.1.2 of Reference 2. This is because the plant-specific hydrodynamic 
loads, which are based on the range of test conditions for the design-basis analysis at QCNPS, 
are bounding for the power uprate condition.

Based on its review of the proposed power uprate amendr 
seismic and dynamic qualification of safety-related mecha 
affected by the power uprate conditions for the following r! 

1. The seismic loads are unaffected by the power upi 

2. No new pipe break locations or pipe whip and jet ir 
a result of the uprated condition; 

3. Pipe whip and jet impingement loads do not increa 

4. SRV and LOCA dynamic loads used i 
for the power uprate.  

10.2.3.1.1 Safety-Related SRVs

it, the 
31 and 
ons:

it targets are postulated as

se fc iprate;

sign basis analyses are bounding

The licensee performed the 
using the upper tolerance lir 
steam pressure of 1336 psic 
the ASME a•lowable of 137i 
operability is not affected by 
reactor dome pressure remý 
licensee conClUdei that the 
uprate, and that the SRV lo; 
staff concludes that the S.  
structural inteqrity and to

Is f

pressure protection analysis at the uprated power condition 
f the valvesetpoints.L The analysis calculated a peak RPV 

he bottom of he vessel. This peak pressure remains below 

I(110 perent of design pressure), and safety-related SRV 
proposed power uprate. Furthermore, the maximum operation 
inchanged for the QCNPS power uprate. Consequently, the 
setpoints and ALs are not affected by the proposed power 

or the SRV discharge line piping will remain unchanged. The 
id the SRV discharge piping will continue to maintain their 
Ssufficient overpressure protection to accommodate the

d power upra

1.2 Safety-F d Power-Operated Valves and Mechanical Components

As discussed in its original request and response to staff questions, the licensee evaluated the 
effect of thepower uprate on the capability of plant mechanical systems, including 
safety-related pumps and valves, to perform their safety functions at QCNPS. In addition to the 

review of safety-related pumps, safety relief valves, and other components for their adequate 

design for operation at the power uprate conditions, the licensee reviewed in more detail the 

safety-related air-operated valves (AOVs) in its AOV program, and the safety-related motor

operated valves (MOVs) within the scope of the program established in response to Generic 
Letter (GL) 89-10, "Safety-Related Motor-Operated Valve Testing and Surveillance." The 
licensee evaluated the safety-related AOVs and MOVs for process and ambient condition
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changes resulting from the power uprate, including parameters such as fluid flow, temperature, 
pressure, differential pressure, and ambient temperature. In a supplemental response 
(Reference 49), the licensee indicated that potential pressure locking and thermal binding of its 

safety-related power-operated gate valves had been evaluated in light of the proposed power 
uprate. The licensee determined that the power uprate conditions did not affect the scope of 
valves evaluated in response to GL 95-07, "Pressure Locking and Thermal Binding of 
Safety-Related Power-Operated Gate Valves." The licensee also determined'that the valves 
previously evaluated in response to GL 95-07 would not be adversely affected by potential 
pressure locking or thermal binding as a result of the proposed powe uprat. The staff finds 
the licensee's evaluation of the effect of the proposed power uprate on thecapability of 
safety-related pumps and valves at QCNPS to be acceptable.  

The licensee confirmed, in Reference 22, that the setpoints of the RVs installed on the 
penetration piping and the spring check valves contained in the relief bypass line are not 
affected by the proposed power uprate. The licensee also indicated that for other water-filled 
piping, the resulting stresses calculated at the proposed power uprataconditions were found to 
be within the allowable limit. Therefore, the licensee Concluded that th proposed power uprate 
has no impact on the evaluation in response to GL 96-06 on potential overpressurization of 
isolated piping segments for QCNPS. The saff finds this acceptable 

Based on the information provided by the licensee, the staff concludes that the proposed power 
uprate will not have an adverse effect on the performance of safety-related valves and 
mechanical components at QCNPS.  

10.3 Required Testing 

10.3.1 Generic Test Guidelines for GE BWR EPU 

Section 5.11.9 of ELTRI (Reference 3), provides the general guidelines for power uprate 
testing. t #P 

A testing plannwill be included in the uprate licensing application. It will include 
pre-operationaltests for systems or components which have revised performance 
requirements. I io contain a power increase test plan.  

Guidelines to be applied during the approach to and demonstration of uprated operating 
conditions are provided in Section L.2, "Guidelines for Uprate Testing," of ELTR1. The 

• ,licensee's safety analysis report (Reference 2), submitted with the licensee's application, 
provides additional information relative to power uprate testing.  

10.3.2 Startup Test Plan 

The licensee will conduct limited startup testing at the time of implementation of power 
uprate. The tests will be conducted in accordance with the guidelines of ELTR1 to 
demonstrate the capability of plant systems to perform their designed functions under 
uprated conditions.
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The tests will be similar to some of the original startup tests, described in 
Section 14.2.12.2 of the QCNPS UFSAR. Testing will be conducted with established 

controls and procedures, which have been revised to reflect the uprated conditions.

The tests consist essentially of steady state, baseline testing bi 
100 percent of the currently licensed power level. Several sets 
between 100 and 117.8 percent current power with no greater 
increment between data sets. A final set of data at the maxim.  

(11,7.8 peFeeft• . power level will also be obtained. The tests wil 
accordance with a site-specific test procedure currently being 
licensee. The test procedure will be developed in accordance 
as required by 10 CFR Part 50, Appendix B, Criterion XI.  

The following power increase test plan is provided in Section 10.4, R• 
licensee's SAR (Reference 2).  

a. Surveillance testing will be performed on tie nstrumer 
re-calibration for the EPU in addition to the testing per 
to the plant TSs schedule.
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re the previous rated power condition, to show acceptable 
Arments and operational capability. The same performance criteria 
be used as in the original power ascension tests.

A summary report will be submitted after the completion of the EPU test program. A description 

of the test results, any corrective actions, and a brief discussion of why it was not necessary to 

repeat specific tests listed in Section 14.2.4-2- (14.2.4) of the QCNPS UFSAR will be included 

in the summary report.
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The licensee's test plan follows the guidelines of ELTR1 and the staff position regarding 

individual power uprate amendment requests (Reference 4).  

10.3.3 Systems/Components With Revised Performance Requirements 

The guidelines in Section 5.11.9 of ELTR1 specify that pre-operational tests will be performed 

for systems or components which have revised performance requiremnts. These tests will 
occur during the ascension to EPU conditions. The performance tes d associated 
acceptance criteria are based on the QCNPS original startup test specifictions and previous, 
GE BWR power uprate test programs. The licensee has dentified perfrance tests for the 
following systems: 

Intermediate range neutron monitors - assure source range monitors (SRM) and average 
power range monitors (APRM) overlap 

"* Average power range monitors - calibration 

"* Pressure regulatory system - setpoint stepsfailures, increental regulation 

"* Feedwater control system - setpoint chaniges,incremental regulation 

* Radiation measurements - survey 

Feedwater system - vibrationa 

Main steam system - vibration 

* Steam separator/dryer- moisture caryover 

With regard tocthe steam pressure or recirculation flow testing, neither parameter has changed 

for the uprate program. Therefore, testing of system performance is not necessary.  

The results from the uprate test program will be used to revise the operator training program to 
more accurately reflect the effects of the EPU.  

10.=3.4 Large Transient Tests 

0.3.4.1 Discussion 

To achieve the power uprate, the licensee made several major modifications to the plant.  
However, most of the major modifications were made to secondary plant systems such as the 

turbine, main generator, and FW heaters, and not to safety systems. The licensee identified 
(Reference 12) the major components important to the MSIV closure and generator load 

rejection tests as: MSIVs, TSVs, TCVs, turbine bypass valves, RV/SRVs, main steam line 

geometry, control rod insertion time, and associated scram signal electronic response. The 

staff evaluated these and electrical equipment changes.
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The licensee's power ascension test plan (Reference 12) includes hold points for testing and 

data collection at approximately 50 percent, 75 percent, 90 percent and 100 percent of the 

pre-EPU licensed power level. After reaching 100 percent of the pre-EPU licensed power level, 

the licensee will increase power in increments of _< 5 percent per day and hold for additional 

testing and data collection. Data collection will include chemical/radiochemical samples, 
radiation monitoring, APRM calibrations, core performance, FW flow element calibration check, 
main steam flow element calibration check, primary containment piping vibrtion, power 

conversion piping vibration, system/equipment performance data. In addition, the licensee will 

conduct tests and surveillances for pressure control incremental regulation, FW level control 

incremental regulation, FW pump runout, steam dryer performance, andkGE14fuel delta-P.  

The licensee will evaluate the power ascension data and project new values for the next power 
level. The licensee's power ascension test plan also includes testing of systems and 
components whose performance requirements have chaged as a result of the EPU.  
Therefore, steady state plant response and system and component performance will be 

confirmed.

The proposed EPU result• 
It also results in a small o1 
addition, the proposed EP 
effects of these changes 
closure and generator ona 
perform the MSIV closure 
topical report, ELTRI. Th 
ELTR1 includes the MSIV 
previously recorded MSIV 
uprates greater than 15 p 
transient data. The licen.  
(1) opera history has 
(2) the powver pratetrans 
will not provide significant 
tests will unnece 
are not needed to demni 
provided data (Reference 
plant that has implemet

.rating events at t 
ed power level; ai

s in approximately a 20 percent increase in st and FW flow rates.  
perating pressure/temperature decrease at the turbine inlet. In 
U results in increased loading.of.certain eletrical equipment. The 
)n the performance of the major components important to the MSIV 

d reject transients were evtaluate•The licensee proposed to not 
and generator load rejection tests ncluded in the NRC-approved 
ese tests are similar to those conducted during initial plant startup.  
closure,• test for power uprates greater than 10 percent above any 
closure transient dtbove ar the generator load rejection test for power 

ercet aoveany rvously recorded generator load rejection 
ee provided the folowing reasons for not performing these tests: 
;hown that previous transients are within expected performance, 

ent analyses show that all safety criteria are met, and (3) these tests 
new information about plant response, therefore performing these 

"".lenge safety systems. The licensee's conclusion is that these tests 
strate safety of its plants. In support of these arguments the licensee 
5) from a generator load transient at Liebstadt (i.e., KKL), a foreign 

d an EPU of 117 percent of original licensed power level; discussion 
Hatch plant, which implemented an EPU of 113 percent of original 
plant-specific information for QCNPS related to these tests.

In evaluating the licensee's request to not perform the two large transient tests included in the 

NRC-approved ELTR1, the staff considered (1) the licensee's justification as presented in its 
December 27, 2000, initial application for the amendment request (Reference 1) and letters 

dated May 18, 2001, and September 27, 2001 (References 12 and 51), which were provided in 

response to staff RAIs related to the two tests, (2) the information presented by the licensee to 

the Advisory Committee on Reactor Safeguards (ACRS) during the ACRS public meetings on 
October 25, and November 8, 2001, (3) the modifications made to the plant that are related to
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the two tests, (4) component and system level testing that will be performed either as part of the 

licensee's power ascension and test plan or to meet SRs contained in the QCNPS TSs, and 

(5) past experience at other plants. The staff also considered the importance of the additional 

information that could be obtained from performing the two tests with respect to plant safety.  

Large transient testing is normally performed on new plants because experience does not exist 

to confirm plant's operation and response to events. However, these tests are not normally 

performed for plant modifications following initial startup because ofw established quality 

assurance programs, maintenance programs including component and system level post 

modification testing, and extensive experience with general behavior of theequipment not 

modified. When major modifications are made to the plant, large transient testing can be 
performed to confirm that the modifications were correctly mplemented. However, such testing 
should only be imposed if it is deemed necessary to demonstrate safe operation of the plant.  
The determination for the need of such testing considers the exent of modification being made 

to the equipment, the expected impact of the modifications on performance of the equipment, 
other testing being performed, and past experience. The components, parameters of interest, 

and summary evaluations of the effect of the EPU on the paramneter"• ointerest are provided in 
the table below: 

COMPONENT PARAMETER SUMMARY EVALUATION 

INTEREST ! 

MSIVs Minimum These'valves are required to maintain the 
Closure Time minimum closure time under much higher 

steam line break flows. The higher flow rate 
-4i. in the steam line assists in valve closure, 

which can lead to a faster closure time. TS 
SR 3.6.1.3.6 requires the licensee to verify 
that the isolation time of each MSIV is > 3 
seconds and < 5 seconds. This SR is done 
by test in accordance with the licensee's 
inservice testing program and ensures that 
valve closure time is consistent with analyses 
"assumptions.  

Main Steam Line Length and Acoustic phenomena will increase as a result 
Geometry Volume of the increased steam flow. The change is 

included in transient and dynamic loads 
analyses using approved codes.  

Control Rod Insertion for Maximum Steam dome pressure is unchanged.  

Scram Delay and Rod Therefore, control rod insertion times are not 
Insertion Time affected. In addition, scram times are 

included in TS 3.1.4 and are required to be 
verified per the associated SRs.

_____________________________ I I
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COMPONENT PARAMETER SUMMARY EVALUATION 
OF 

INTEREST

Relief and Safety/Relief 
Valves

Opening Delay 
and Time to 
Establish Full 
Flow

.4 .4

TSVs/TCVs

Scram Signals on MSIV 
Closure and Turbine
Generator Trip

Minimum 
Closure Time

Licensing safety analyses show 
conditions, additional valves will 
pressurization transients. bowE 
opening delay and time toestab 
for individUal valves are not affe 
conditions.

EPU or 
powerc 
increas 
is incluc 
TCV an 
hbcaus e fl 

Onil

ation results in a slight change in full 
rating position of TCVs and slight 
veffective closure time. This effect 
I in analyses and is negligible. The 
FSV stroking rate will not be affected 
iese valves are controlled by a 
trolled hydraulic system designed

flves-wide-op

Maximu 
Signal iý 
Passed
Reactor 
Protection and 
Control Rod 
Drive System 

Opening Delay

Response to 
Trip

4. 4

Non-Class 
Switchgear

A.

Breaker Rating

the EPL 
RPS ins 
associa,

IV.

c system response is not affected by 
Verification of response time of 

runentation, including those 
ad with MSIV closure and turbine
)r trip is required by the SRs for TS

Turbine bypass opening response is not 
affected by the EPU because there is no 
change to the system or the operating 
conditions. The percent of licensed power 
capacity of the turbine bypass system is 
reduced proportional to the increase in power 
level, however system design is not modified.  
In addition, turbine bypass system response 
time testing is required by TS SR 3.7.7.3.

This equipment is fully loaded at power not 
during plant transient.

This equipment is individually tested for short 
circuit current. The tests included in ELTRI 
do not include such a testing.

)-c
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COMPONENT PARAMETER SUMMARY EVALUATION 
OF 

INTEREST

Unit Aux. Transformer 
(UAT) and Reserve Aux.  
Transformer (RAT)

RAT at Full 
Load

No changes were made to exisi 
equipment; however, additional 
loads were added. Plantproce 
adequately address operator ac

non-safety 
dures 
•tion.

The table shows that changes in the parameters of i 
equipment important to the MSIV closure and genen 
negligible, covered by other tests, or adequately cov 
addition, with regard to the effect of the EPU on the 
systems and in-line components, the staff, consister 
components to be designed using either analysis or 
potential benefits and information to be obtained an( 
performed by the licensee are adequate and sufficie 
provide significant additional insights regardingthe s 
large transient tests would not challenge instrument, 
provide additional information to demonstrate the ad 
changed as a result of this EPU. Most of this latter 
operation at the EPU power level or during o•her scE 
large transient tests in ELTRI.

The licensee provided (R 
approved ODYN transieAn 
past power uprate experi 
with performing the two te 
ascension and test plan, 
FW level controlincremei 
performance, and GE-14 
its evaluation of the effec 
closure and generator loa
steam piping, scram sii 
evaluation concluded t!

t for the "al
ator load rejection transients are either 
ered in the models used in the analyses.  
loading i.e., stresses) on the piping 
it with the AS...M Code, allows such 
testing. The staff has assessed the 
I has determined that the analyses 
it and large transient testing would not 
itaff's analysis Th staff notes that the 
ation set points modified for the EPU or 
.. UaCy of major electrical equipment 
equipment experiences higher load during 
marios niot encountered during the two

In

eference 12) additional information related to the ability of NRC 
tcode to model.......P3S response to these events following EPU, 
nce at other plants.(domestic and foreign), and the risk associated 

ests. Reference 12 also included a summary of the QCNPS power 
wvch includes tests such as pressure control incremental regulation, 
ntal regulation, FW pump runout data collection, steam dryer 

fuel data delta-P test. In addition, the licensee provided a summary of 
,s of the proposed EPU on major components important to the MSIV 

d rejection tests. These components included the MSIVs, the main 
als, safety/relief valves, and the turbine valves. The licensee's 
Sthe effects of the EPU do not warrant the performance of these tests.

In Reference 51 and during presentations to the ACRS in public meeting on October 25, 2001, 

and November 8, 2001, the licensee provided additional information to justify its request. In 

summary, the licensee indicated that the QCNPS safety analyses were performed using the 

NRC-approved ODYN Code, which has been benchmarked against BWR test data and 

incorporates industry experience. The licensee further indicated that the QCNPS analyses 

were performed using post-EPU plant-specific inputs to predict integrated plant response. The 

licensee concluded that ODYN simulations show that no significant changes will occur as a 

result of the EPU. The licensee added that experience with power uprates has shown that the 

response of uprated plants to tests and events are within expected code predictions. In
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addition, the licensee stated that GE has concluded that these tests are no longer necessary for 

power uprates that do not involve a change in reactor steam dome pressure.  

The NRC staff does not consider the information that could be obtained from the large transient 

tests included in ELTR1 to be necessary for validation of analytical codes for transient 

analyses. The basis for this conclusion is that these codes have been validated using test data 

obtained from numerous test facilities and operational experience in operating•B•Rs at power 

levels in excess of those proposed for the QCNPS EPU. Therefore, additional large transient 

testing is unnecessary for purposes of validation of analytical codes.

10.3.4.3 Summary

The results of the tests under consideration are not din 
analyses used for licensing plants or granting amendm 
licensees use bounding assumptions such as assumini 
component (i.e., single failure). In addition, when perfc 
not rely on non-safety related equipment or anticipator• 
tests under consideration, the licensee would not be e 
component, non-safety equipment, or anticipatory trps 
Therefore, the results of the tests would be much less 
Furthermore, because of the availability of the addition 
equipment and anticipatory trips), the test cases would 
follow different success paths) from the correpo.nding 
large transient testing in accordance with ELTRI wouk 
the safety analyses.

The staff con 
tests discuss 
KKL and Hat 
power levels 
not identical.: 
because it •r 
hardware mc 
from the licer 
reiection test

alies re

red the 
bove ir 
-r inr

UVIuz) ILIj 

•dification.  
nsee rega 
. The sta 
lated to p

y trip 
tpect 

to ni

comparable to the results of safety 
.. In performing safety analyses, 

faiure of the most limiting 
g licensing analyses, licensees do 
s for mitig.atio. In performing the 
ed to disable the limiting 
iimic the safety analysis cases.  
ig tha those of the safety analyses.  

.ipment (e.g., non-safety related 
,igrificantly different scenarios (i.e., 
ty analyses. Therefore, successful 
necessarily confirm the adequacy of

nportance of the infom~ation that could be gained from the transient 

ght of experience to date with EPUs at other BWR plants including 
nt rodifications made to these plants in order to achieve the higher 
those made fr QCNPS. Although the designs of these plants are 
e staff considers the experience with EPUs at these plants useful 

isure of how well GE can predict the impact of the power uprate and 
equipment response during events. The staff received information 

g startup testing performed at KKL including a generator load 
viewed the information provided and finds that no significant 
safety were identified by the tests.

Tests were not performed at the Hatch plant following that plant's EPU, which increased its 

licensed power level to 113 percent of the original licensed power level. However, after 

approval of the Hatch EPU, Hatch Unit 2 experienced an unplanned event that resulted in a 

generator load rejection in May of 1999. The transient occurred at 98.3 percent of the plant's 
post-EPU licensed power level or approximately 111 percent of the original licensed power 

level. This event was reported to the NRC in Licensee Event Report 1999-005. In addition, 

Hatch Unit 1 experienced a turbine trip event and a generator load reject event from 

100 percent of the EPU power level in July 2000 and March 2001. These events were reported

I 

d
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to the NRC in Licensee Event Reports 2000-004 and 2001-002. No significant anomalies as a 

result of the Hatch EPU were identified by these events.  

10.3.4.4 Conclusion 

Based on the staff's evaluation of the information provided by the licensee in support of its 
proposal to not perform the MSIV closure and generator load rejectionrtests, the staff finds that 
the licensee's plan to perform numerous component, system, and other testing in combination 
with the evaluation of the systems and components discussed abovea sficient to 
satisfactorily demonstrate successful plant modifications and overall eipment operability. The 
staff finds that information obtained from the MSIV closure and generator load rejection tests 
could be useful to confirm plant performance, adjust plant control systems, and enhance 
training material. However, the staff does not consider the benefits to be sufficient to justify the 
challenges to the plant and its equipment; the potential risk, although small, associated with 

performing these tests (i.e., the risk due to potential random equipment failures during the test); 
and the additional burden that would be imposed on the licensee. Thestaff has concluded that 
these two large tests do not provide a significant safety benefit in confirmg the adequacy of 
the staff's analysis and evaluation. Therefore, the staff finds the licensees proposal to not 
conduct these tests acceptable.  

10.4 Individual Plant Examination 

To evaluate the impact on risk at QCNPS fromthe proposed EPU, the licensee assessed its 
plant-specific probabilistic risk assessment ( The results of the assessment were 
reported in the licensee's EPU Safety Analyss Report for QCNPS (Reference 2), which was 
provided to the staff for review as Attachrent E to the licensee's EPU license amendment 
request (R.eference 1). The assessment asfurther described and explained in supplemental 
informa•tion andresponsesto the NRC staff (References 8, 25, and 49). In addition, in July 

2001, the NRC staff reviewed th QC S PRA maintenance and update procedures and 
processes to Support its review of the licensee's proposed EPU.  

The addendum to the NRC safety evaluation report (SER) on the QCNPS individual plant 
examination (IPE) was issued in July 1997 and concluded that the licensee had met the intent 
of Generic Letter (GL) 88-20, Individual Plant Examination for Severe Accident Vulnerabilities." 
The licensee has significantly upgraded the QCNPS PRA models since the staff review relative 
to GL 88-20 and has used the latest PRA models to support a license application for 

establishing a risk-inforimed inservice inspection program. Much of the upgrade was based on 

the results of the BWR Owners Group PRA Peer Review Certification of the DNPS PRA, which 
was completed in January 1998. The QCNPS PRA has also been through a peer review as 
part of the BWR Owners Group PRA Peer Review Certification process. The QCNPS peer 
review, which was performed in November 1999, concluded that the QCNPS PRA was 
adequate to support regulatory applications when combined with deterministic insights.  

The current, pre-uprate plant core damage frequency (CDF) for internal events is approximately 
4.6E-6/year and the large early release frequency (LERF) is about 3.3E-6/year. Under EPU 

conditions, the licensee estimated that the CDF increases by about 2.4E-7/year to an EPU CDF
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of almost 4.9E-6/year. Likewise, under EPU conditions, the licensee estimated that the LERF 
increases by about 1.3E-7/year to an EPU LERF of approximately 3.4E-6/year.

The NRC SER, including the staff contractor's technical evaluation report (TER), on the QCNPS 
individual plant examination of external events (IPEEE) was issued in April 2001 and concludes, 
based on the Step 1 and Step 2 reviews, that the licensee's process is capable of identifying 
the most likely severe accidents and severe accident vulnerabilities and that QCNPS has 
therefore met the intent of Supplement 4 to GL 88-20. 1 1

For the IPEEE seismic analysis, QCNPS is categorized as a 0.3g I 
NUREG-1407, "Procedural and Submittal Guidance for the Individt 
External Events (IPEEE) for Severe Accident Vulnerabilities." The 
QCNPS seismic evaluation using the Electric Power Resenarch Itsi 
assessment (SMA) methodology described in EPRI NP-6041-SL, 
Assessment of Nuclear Power Plant Seismic Margin," with enhanc 
1407, supplemented by the use of the generic implementation pro 
Qualification Utilities Group (SQUG) for the seismic adequacy eva 
Unresolved Safety Issue (USI) A-46, "Verificationrof Seismic Adeq 
Operating Plants." Therefore, the licensee did not quantify a seisn 
licensee states in its supplemental information for the EP. license 
conclusions and results of the SMA were judged to be unaffected

The NRC SER states th• 
confidence in low probal 
(PGA) and that this resu 
cable trays. The NRC S 
slightly over one-third th 
inadequate seismic mar 
was implementing at the 
plant improvements or o 
107 items of equipment 
which were generally as 
comoonerts on the plan

orients included i 
: success paths 
4 categories of c 
nined to have H(

it per

licensee pertormed the 
titute (EPRI) seismic margins 
'A Methodology for 
ements specified in NUREG
ceue (GIP) of the Seismic 
luatin pertaining to 
Uay of Equipment in 
ý,ic DF. However, the 
amendment that the
y the EPU.

at the QCN.S IPEEE SMA concludes that the plant had a high 
bility of failure.(HCLPF) capacity of 0.09g for peak ground acceleration 
It was controlled by isufficient frame and/or anchorage capacity of 

notes that the orin•alplant HCLPF capacity of 0.09g, which is 
esafe-Shutdown earthquke (SSE) level of 0.24g for QCNPS, indicates 

gin. The NRC SER also notes that the licensee had implemented, or 
time of the development of the NRC SER, an extensive number of 

ther actions to resolve the IPEEE-identified USI A-46 outliers. In total, 
and 8 electrical raceway systems were identified as USI A-46 outliers, 
SUmed to have been resolved in the QCNPS IPEEE SMA. Of all the 
t's composite IPEEE equipment list, which consists of the union of the 
"the USI-A-46 safe shutdown equipment list (SSEL) and the seismic 
tUipment list (SPEL), the NRC SER indicates that the licensee reported 

liers, comprising about 58 items of equipment, were ultimately 
.PF capacities less than the 0.3g review-level earthquake (RLE).

Subsequent to the issuance of the NRC SER on the QCNPS IPEEE, the licensee has indicated 
that it has completed, or will complete during the next refueling outage, the plant improvements 
and other actions to resolve the USI-A-46 outliers. These improvements pertain primarily to 
enhancing anchorage/support capacity and reducing or eliminating the potential for adverse 
interactions. As a result of these plant improvements and other actions, the licensee has stated 
that the plant's HCLPF capacity should be at least 0.24g as these improvements are being 
designed to meet the plant's design basis SSE. The NRC SER on the QCNPS IPEEE states 
that this increase in seismic capacity would represent a significant safety enhancement.
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However, the NRC SER also states (1) that the licensee's study does not demonstrate, even 
after the extensive proposed improvements are implemented, that the plant's seismic capacity 
will exceed its design basis SSE level and (2) that the licensee has not evaluated, or proposed 
to evaluate, the plant's seismic capacity beyond the SSE level of 0.24g, whereas the RLE for 
QCNPS is 0.3g.  
In the fire area, the licensee used EPRI's fire-induced vulnerability evaluation (FIVE) 
methodology, as described in EPRI technical report TR-100370, to perorm a screening review 
and then a PRA was used to estimate the fire CDF contribution. The suplementary PRA 
included significant inputs from the EPRI Fire PRA Implementation Guid( IG), as 
described in EPRI technical report TR-105928. The IPEEE fire analysis was conducted twice 
and was supplemented by additional analysis, in response to the staff requests for additiona.  
information developed as a result of the Step 2 site audit review process.

The original QCNPS IPEEE fire ana 
each unit, and identified potential fir 
separation of redundant equipment, 
reliance on opposite unit equipment 
identified discrepancies between the 
procedures. By letter dated July 29, 
reflected its resolution of the safe sh 
modeling. This revised fire analysis 
vulnerabilities. Based on the staff S 
analyses were mostly due to more.  
fire initiation frequency evaluation.  
propagation model. The revised an• 
safe shutdown and recovery actions 
procedures•with most operator actio 
in the licensee's EPU supplemental 
5/year for Unit 1 and 7.3E-5/year for 
base CDF are iudqgd ,to be neglliqib

For th 
used 
quant

IV 17rr L__L VOllUCIL• 

the progressive s 
itatively estimate 
ned out using the 
imined that the coi 
EPU conditions, 

external events.

lysis reported a large GOF, about 5E-3/reactor-year for 
e vulnerabilities that resulted, in part, from the lack of 
the complex operator actions for fire recovery, and the 
to shut down the affected unit.Iddition, the staff 
safe-shutdown analysis and the post-fire safe shutdown 
1999, th licensee submitted a revised fire analysis that 

iutdown issues and included other changes to the fire 
also concluded that there areno potential fire 
ER, the differences between the original and revised 
etailed and realistic information on cable routing, a revised 
mploykn the safe shutdown model, and the use of a fire 
alysis showed that more equipment would be available for 
could•be performed using plant emergency operating 
ns takn in the main control room. The licensee estimated, 
submittal, that the contribution to CDF from fires is 6.6E
Unit 2. The licensee states that the effects of fires on the 

edue to the EPU.

of high winds, floods, and other (HFO) external events, the licensee 
*eering approach recommended in NUREG-1407. The licensee did not 
ie CDF contribution from HFO events since these events were 
censee's progressive screening approach. Thus, the licensee 
ributions of HFO external events to risk were negligible. Likewise, 
ie licensee states that there are no impacts due to EPU from these

The license amendment application was submitted in accordance with the guidelines contained 
in the NRC-approved GE licensing topical reports for EPU safety analyses, ELTR1 and ELTR2 
(References 3 and 5). Consistent with ELTR1, the licensee provided in the original submittal 
and in a subsequent supplemental submittal the results of its plant-specific evaluation of the 
risks associated with the proposed EPU. The staff reviewed this risk information, as amplified 
by licensee responses to staff requests for additional information, using the guidelines 
delineated in RG 1.174, "An Approach for Using Probabilistic Risk Assessment in Risk-Informed
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Decisions on Plant-Specific Changes to the Licensing Basis." The staff's evaluation of the 
licensee's submittal focused on the capability of the licensee's PRA to analyze the risks 
stemming from both the current, pre-uprate plant operations and the EPU conditions. The 
staff's evaluation did not involve an in-depth review of the licensee's PRA. This evaluation 
included a review of the licensee's discussions of EPU impacts on CDF and LERF due to 
internal events, external events, and shutdown operations. The evaluation also addressed the 
quality of the QCNPS PRA, commensurate with its use in the cense dtaff's decision
making processes. In addition, in July 2001, the staff reviewed the •?NP.•PRA maintenance 
and update procedures and processes to support its review of the licensee's proposed EPU.

10.4.1 Internal Events 

The licensee evaluated the changes due to EPU implementa 
PRA models for internal events in the following key areas: in 
component reliability, system success criteria, and operator r 
specifically addressed in the following subsections, followed I 
impacts on CDF and LERF from internal events for the EPU.  

10.4.1.1 Initiating Event Frequency

The licensee identified that th 
events is the potential increas 
running the installed spare Fu 
licensee made the assumptio 
would lead to a reactor low-w 
turbine trip initiating event fre 
specific fault tree model for 
EPU conditions. This model 
runback control circuit, which 
respond quicklyenough half 
was increased to reflect the e 
condensate/booste pumps, 
current value of 2.0/year to th 
2/year. This increase irinitia 
a 1 .ercent increase in the ba

for potential impact on the 
ng event frequency, 
nse. Each of these areas is 
esc.ripation of the overall

e principal'change that affects the Level 1 CDF due to initiating 
se in the frequency of turbine trips. This effect is the result of 
V and condensate/booster pumps at EPU conditions. The 
n that the lossof any single FW or condensate/booster pump 
ater-level scra signal in half of the events. The increase in 
quency was!detrmrined by the development of a simplified plant
e initiating evetto account for the additional failure modes under 
assumed that the plant modification to install a recirculation pump 
should automatically reduce flow and prevent a trip, would fail to 
f the time. Therefore, the turbine trip initiating event frequency 

ffect of having to run the installed spare FW and 
vhich increased the turbine trip initiating event frequency from its 
e EPU value of approximately 2.05/year, an increase of 5E
tirg event frequency is stated by the licensee to result in less than 
se CDF, which is primarily due to anticipated transient without

(ATWS) sequen

As identified above, the licensee, in parallel with the EPU, is performing a plant modification 
that will initiate a reactor recirculation pump runback on a loss of a single FW or 
condensate/booster pump in combination with a reactor low-water-level alarm. This 
modification is expected to prevent reaching the reactor low level scram setpoint for the 
evaluated EPU conditions. The modification will reduce the trip frequency for EPU conditions 
by avoiding the "new" scrams, as identified above, that would occur as a result of having to run 
the installed spare FW and condensate/booster pumps if this modification were not 
implemented.
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However, there is also the potential for introducing additional scrams if the reactor recirculation 
pump runback control circuitry spuriously actuates. The licensee stated that the reactor 
recirculation pump runback is designed with an "energize to actuate" logic to reduce the 
possibility of spuriously causing a RPV water level transient, which would challenge the FW 
control system. The licensee estimated this spurious runback scram, which must also involve a 
failure of the FW control system to maintain the RPV level below the high- level scram setpoint 
(i.e., it fails to match the FW flow with the reduced recirculation flow in sufficient time), to have a 

frequency of about 1 E-4/year. This is more than an order of magnitude les than the scram 
reduction that is expected to be achieved by installing the rUnback circit.

The staff finds that it is reasonable to conclude that, otl 
turbine trip, the initiating event frequencies will not char 
limits of equipment are not exceeded. Further, the staf 
EPU modeled effects to be conservative since they do 
modification to initiate a reactor recirculation pump runt 
condensate/booster pump. Further, even if the recircul 
assumed to fail for all turbine trips, the initiating event 
percent increase in the current initiating event frequenc 
the overall impact would still result in less thiana 2 perc

However, since the models wer' 
runback control circuitry, the sta 
the PRA the model that represe 
runback circuitry as part of the F 
performed prior to operating un 
tools that rely on these models, 
modification in the PRA model s 
installed reactor r•circulation.pu
the EPU licei 
frequency, in 
actuations QI 
the RG 1.17 
uodate the

iml

nsi,

PRA befor 
)act on th

than tl 
- I �•,4

uld only i 
Based o 

-t increas

as the operating ranges or 
it is reasonable to expect the 
I credit for the plant 
lossof a single FW or 
runback control circuit is 
ncree to 2.1/year, only a 5
nthe licensee's information, 
e in the base CDF.

e developed prior to the completion of the design of the actual 
ff believes that the licensee should develop and incorporate into 
nts the actual designed and installed reactor recirculation pump 
:RA model update. The staff believes this update should be 

der EPU conditions so that the PRA model, and the associated 
reflect theabuit, as-operated plant. Including this plant 
hould provie confirmation that the actual designed and 
nip runback control circuitry is as reliable as was modeled for 
[is bounded by the modeled turbine trip initiating event 
3ration of the potential effects and frequency of spurious 
hus ensure that the impacts on CDF and LERF are still within 
lines. Exelon requests deletion of the recommendation to 

uientation, since the conclusion below is that there is

In addition, as discussed further in Section 10.4.1.2, there is potentially a new means of 
inducing a LOOP-initiating event under EPU conditions. Under specific EPU conditions, there is 
the potential for overloading the UAT or the RAT. During normal operation the station's 
auxiliary loads are split between the UAT and the RAT, with each transformer handling the 
loads for two non-essential 4160V buses. However, if either the UAT or the RAT becomes 
unavailable during normal operations without a reactor scram, the increased loads for the EPU 

configuration may result in an overduty condition for the remaining transformer. Thus, the 
operation of three FW pumps under EPU conditions introduces a potential overduty condition 
when all the loads are fed through a single source (i.e., either the UAT or the RAT) until the 
loads are manually shed by the operators. Due to the overduty condition on the remaining

I
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transformer, the current plant configuration may not be acceptable under EPU conditions 
without operator actions to mitigate the effects of such an event and may also create a new 
means of inducing a LOOP initiating event at QCNPS that has not been previously analyzed by 

the licensee. This condition is potentially significant because the currently designed fast 

transfer feature that responds to a failure of one transformer may actually create a LOOP 

condition by overloading the remaining transformer. This potential overduty condition on the 

transformers is the synergistic effect of having to operate the installed spare F" and 

condensate/booster pumps at EPU levels. I

iually 
e plan

Further, the staff finds that without operator actions to m 
of time, the ability of a single transformer to carry the eni 
may not be adequate and may create a LOOP initiating 
simplified calculation, using generic equipment failure ral 
action human error probability (HEP), to show that this n 
very small impact on CDF, increasing the base CDF by i

The RAT can also become overloaded following a LOCA with all co 
because the UAT will deenergize upon the unit trip due to the LOG 
transfer to the RAT. Upon the startup of the CCS pUMps, a n u nd' 
4160V buses causing the FW and condensate pumps to trip. Sinc~ 
be manually restored to the 4160V buses in this con-dition, the scer 
occurrence of a LOCA coincident with aLOOP. The licensee has 
to trip condensate/booster pump D in the event of a LOGA to preve 
from occurring. The licensee has performedasiwplified calculatior 
failure to trip condensate/bo~oster pump D follwing a LOCA and as 
condition would result in a LO.P. The calcuation indicates that thi 
impact on COF; increasing the base CDFbyaout 1.7E-10/year. I 
calculated the potential increase in turbine trip initiating event frequ 
actuation of the condensate/boo ste p. D LOCA trip signal, whi 
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Similar to the reactor recirculation pump runback circuitry discussed above, since the simplified 

models and calculations used by the licensee to evaluate this condition were developed prior to 
the completion of the plant modifications and/or the development of the associated procedures 

that instruct the operators in the appropriate actions to mitigate these events, the staff believes 

th•atthe licensee should develop and incorporate into the PRA the model that represents the 

actual installed and implemented plant modifications and proceduralized operator actions as 

part of the PRA model update. The staff believes the PRA update should be performed prior to 

operating under EPU conditions so that the PRA model, and the associated tools that rely on 

these models, reflect the as-built, as-operated plant. Including the plant modifications and 

procedural considerations in the PRA model should provide confirmation that the actual 

installed and implemented plant modifications and operator actions are as reliable as was 

considered for the EPU license application and, thus, ensure that the impacts on CDF and
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LERF are still within the RG 1.174 acceptance guidelines. Exelon requests deletion of the 

recommendation to update the PRA before implementation, since the conclusion below 

is that there is minimal impact on the result.

If this submittal had been a risk-informed application, the staff would require ti 
provide confirmatory responses regarding the risk acceptability of the actualit 
modifications and proceduralized operator actions, as well as to update their 
operating at EPU levels. However, given that the estimated impactsr very 

percent increase in risk), the staff believes that these issues would not signific 

overall results (i.e., not raise the change in risk values above the RG 1. 174 a( 

guidelines) and thus would not rebut the presumption of adequate protection 
of the license amendment.
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10.4.1.2 Component Reliability
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the onsite ii ou ratings for safety-related equipment are 
operation on a singl transformer exceeds the non-safety-related 
circuit rating. During normal operation the station's auxiliary loads are 

id the RAT. In thesplit bus configuration, the current carrying and 

the switchgear is mintained within the switchgear rating. The 
nrips.under EPU conditions introduces a potential overduty condition 

.uit current) on the switchgear when all the loads are fed from a single 
AT or the RAT); This would occur when either the UAT or RAT is 

normal operations, which would result in a transfer of loads to the 
n that situation, if a three-phase bolted short occurred, the design 
switchgear could be exceeded. In addition, under these conditions, the 

in an overduty condition, as described above in Section 10.4.1.1, until 
by the operators. The RAT can also be in an overduty condition 

viously described in Section 10.4.1.1.

Since the interrupting and momentary rating requirements under EPU conditions are higher 

thanithe breaker and switchgear rating, the breaker and switchgear were tested to higher 
values. The tests indicate that the breaker will interrupt at the higher value, but to meet the 

momentary requirements, changes to the breaker bracing or connecting points are needed.  

The licensee stated that a confirmatory momentary test is planned following the identified 

modifications. The licensee also indicated that after successful tests, the bracing in the field will 

be modified accordingly. Given that the modifications required to achieve a successful test are 

implemented in the field, it is expected that the reliability of the switchgear and breakers will not 

differ from the current, pre-uprate plant condition.

I
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The licensee also identified that the probability of having a stuck-open relief valve (SORV) was 
increased due to the predicted increased number of valve cycles following postulated 
transients. The increased number of valve cycles is due to the increase in decay heat at EPU 
conditions. The licensee evaluated this increase in probability and determined that it had a very 
minor impact on the base CDF, less than 1 percent increase in CDF.

The staff finds that it is reasonable to conclude that equipment reliab 
as the operating ranges or limits of the equipment are not exceeded, 
operated within its operating ranges or limits, the staff notes that the 
monitoring programs (e.g., Maintenance Rule program) should detec 
degradation in equipment performance and the staff expects thesep 
current reliability of the equipment.
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Ensure these components will operate as reliably as assumed 

.. . .given that the estimated impacts are very small (i.e., less than 
I the licensee has committed to perform the test and resulting 
igear and breakers, as appropriate, the staff believes that this 
:er the overall results (i.e., not raise the change in risk values 
-e guidelines) and thus, would not rebut the presumption of 
denial of the license amendment.

.3 Success Cr

The licensee has Used the industry-recognized thermal-hydraulic code Modular Accident 
Analysis Package (MAAP), Version 3.0B, to support the PRA for performing best-estimate 
calculations. This industry-recognized thermal-hydraulic code has been used to evaluate 
design basis and beyond-design-basis accidents and was used for the EPU license application 
to calculate changes in the plant's thermal-hydraulic profile for specific issues, such as boildown 
timing. The boildown time decreases as a result of increasing the power level to 2957 MWt.  

The thermal-hydraulic analysis was performed using a value of 2898 MWt, which equates to the 
desired heat output of 912 MWe. This value comes from the heat balance developed for the

I

I
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EPU conditions. The licensee stated that for the EPU configuration, the plant will normally be 
operated at 2898 MWt to achieve the desired output of 912 MWe, though during certain periods 

of the year, the plant may operate up to the proposed licensed power uprate level of 2957 MWt.  
Therefore, to reflect the typical plant conditions, the MAAP code runs that were performed to 

support the EPU used a value of 2898 MWt, instead of the proposed licensed uprate value of 

2957 MWt. For the EPU project, the MAAP evaluations were performed for QCNPS as the 
base case for both the QCNPS and the DNPS EPU license applications, since the thermal 

hydraulic parameters are the same for both sites.  

For the EPU, the plant-specific parameters in the thermal hydraulic-,ode that represent the 

primary system and containment were examined qualitatively to identify those parameters that 
could potentially modify success criteria, scenario timing, or equipment operability (eg. net 
positive suction head). The result of that qualitative evaluation was the identification of two 
areas in which the success criteria would change in the Level I PRA under EPU conditions: 

"The RPV depressurization success criteria changed from requiring one electromatic relief 
valve (ERV) or safety relief valve (SRV) to two ERVs and/or SRVs.  

"The number of safety valves (SVs), SRVs, or ERVs required to open for overpressure 
protection under failure to scram conditions increased from 11 SVs, SRVs, and/or ERVs to 
12 SVs, SRVs, and/or ERVs.•• 

There are a total of five valves, ERVs and SRVs, used for RPV depressurization for a transient 

event without a SORV. In the current, pre-uprate plantany single valve is adequate to achieve 
successful depressurization, but for the EPU pant conditions two valves are needed.  
Therefore, failure to depressurize requires f ii •ve valves in the current plant, but failure of 
any four valves will fail depressurization for the EPU conditions. The licensee indicated that the 
sequences involving failure ofthese•valves are dominated by operator action failure and 

common-cause failure.(COF) of the ERYs and/or SRVs to open. Though the CCF contribution 
increases due to this change in success criteria, the CDF is only increased by about 1 percent 
due to the large diversity in high pressure makeup systems for QCNPS.  

For IORV or SORV sequences, RPV depressurization is not required for the current, pre-uprate 
configuration because a single open ERV or SRV satisfies the current plant success criteria for 

depressurization. However, for the EPU configuration where two ERVs and/or SRVs are 
required to open for success, RPV depressurization still requires at least one ERV or SRV to 

open, in addition to the IORV or SORV. The licensee stated that this additional requirement for 
theEPU configuration results in an increase in CDF of approximately 5E-8/year, which 
represents almost a 1 percent increase in the current base CDF.  

There are a total of 13 valves - ERVs, SRVs, and SVs - used for RPV overpressure protection 
for ATWS sequences. In the current, pre-uprate plant, 11 of the 13 valves must open to 

provide successful overpressure protection, but 12 of the 13 valves must open for the EPU 
plant conditions. Thus, failure of overpressure protection requires failing any three valves in the 

current plant, but failure of any two valves to open will fail overpressure protection for the EPU 

conditions. Similar to RPV depressurization, the contribution from the failure of these valves is
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dominated by CCF events. The licensee's approach to modeling these CCF events in the 

current, pre-uprate plant and the EPU condition uses a beta factor approach. However, due to 

a lack of CCF data for this relief mode of BWR SRVs, the licensee's approach results in the 

probability of CCF for any two valves to be equal to the probability of CCF for three or more 

valves. Thus, there is no calculational difference between the current plant and the EPU 

condition, even though the success criterion have changed. The licensee stated that there was 

only a negligible impact on CDF because RPV overpressure protection falureis dominated by 

CCF of these valves to open.

The licensee has indicated that there have been some 
conditions, as discussed above. However, the licenseE 
significantly increase the plant risk from the current, pr( 
evaluation, the QCNPS IPE system success criteria we 
BWRs analyzed in NUREG-1 150, "Severe Accident Ri• 
Nuclear Power Plants," and the associated supporting t 
The staff found that the QCNPS IPE success criteria di 
the identified spectrum of initiating events. Based on t[ 
performed by the licensee, the staff finds it is reasonab 
the associated change in CDF and LERF, are notexpe 
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However, since the licensee's thermal-hydraulic analysis used in support of establishing the 

system success criteria, and the time availablefor operator actions, used a power level of only 
2898 MWt and not the EPU license application value of 2957 MWt, there is some, albeit small, 

potential for impacts to success criteria and HEPs that have not been evaluated by the 
licensee. The staff believesthat the licenseeihUld evaluate the system success criteria and 
HEPs at the license application EPU value 2957 MWt. Performing these evaluations of 

system success criteria and HEPs at the EPU license application level of 2957 MWt will ensure 

that the success criteria and H.EP appropriately reflect the potential operating levels and thus 

ensure that the impacts on DE• and.LERF are still within the RG 1.174 acceptance guidelines.  

Exelon requests deletion of the recommendation regarding the thermal hydraulic 

analyses,,since the conclusion below is that there is minimal impact on the result.  

If this submittal had been a risk-informed application, the staff would require the licensee to 

provide confirmatory responses to demonstrate that no system success criteria or operator 

action times, and associated HEPs, are affected by performing the thermal-hydraulic analysis at 

the EPU license application value of 2957 MWt, and would require the licensee to provide 

additional analysis of the ATWS sequences involving failure of RPV overpressure protection to 

.upport the assertion that the impact of EPU is negligible for these sequences. However, given 

that theev.aluated power level is only a couple of percent less than the EPU license application 
leve and the ATWS sequences involving RPV overpressure protection failure are properly 

modeled for EPU conditions, the staff believes that these issues would not significantly alter the 

overall results (i.e., not raise the change in risk values above the RG 1.174 acceptance 

guidelines) and thus would not rebut the presumption of adequate protection or warrant denial 

of the license amendment.

10.4.1.4 Operator Response

I I
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The licensee conducted an evaluation to determine how the proposed EPU would impact 
operator response capabilities during accidents. The reductions in certain operator action 
allowable times resulted in changes to HEPs due to the EPU. The actions and allowable times 

that were determined in the risk assessment to individually cause about a 1 percent or more 

increase in CDF were identified as significant actions. Each of these significant operator 
actions and the associated impacts due to the EPU is discussed below.
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such as early SLC initiation, were determined to have at least the same 
e Under EPU conditions under the current, pre-uprate plant conditions.  
d to be approximately 6 minutes. This was, at least for the above 
ýe the time available was estimated using generic BWR analysis in the 
ig the best-estimate thermal-hydraulic calculations to support EPU

The licensee did not identify any new risk-significant operator actions as a result of the EPU.  
However, new operator actions may be necessary to manually load shed equipment so as to 

avoid overloading the UAT or RAT when they are operating in a single transformer operation 

mode. This potential EPU condition was described above in Sections 10.4.1.1 and 10.4.1.2.  
The licensee has performed a simplified calculation, using generic equipment failure rate 
information and a screening operator action HEP, to show that the potential increase in the

C 
a
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frequency of a LOOP initiating event has a very small impact on CDF, an increase in CDF of 
6E-9/year. However, this simplified calculation includes the failure of the operators to manually 
shed loads within 1 hour to avoid overloading the operating transformer, even though the plant 
does not currently have explicit procedural directions for addressing this potential overload 
condition. This condition is the synergistic result of having to run the installed spare FW and 
condensate/booster pumps at EPU levels.

The staff finds that the assumed increases in the HEP val 
reasonably reflect the reductions in the times available foi 
necessary actions under the EPU conditions or are bounc 
pre-uprate plant PRA. However, as presented in Section 
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tual operator actions are as reliable as 
"ensure that the impacts on CDF and 
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tation. since the conclusion below

1.3,.if this submittal had been a risk-informed application, the staff 
toprovide confirmatory responses to demonstrate that no system 
r action timesand associated HEPs, are affected by performing the 
atthe EPU license application value of 2957 MWt. However, given 

evel is only a couple of percent less than the EPU license application 
it this issue would not significantly alter the overall results (i.e., not 

ises above the RG 1.174 acceptance guidelines) and, thus, would 
of adequate protection or warrant denial of the license amendment.

iternal Events Evaluation Results

The licensee indicated that potential impacts of the EPU were identified for the turbine trip 
initiating event frequency, the probability of occurrence of a stuck-open relief valve, the success 
criteria for RPV depressurization and ATWS overpressure protection, and selected operator 

actions due to the decrease in available operator response times. The changes to these 
conditions, as discussed above, result in about a 5 percent increase in internal events CDF to 

about 4.9E-6/year. This represents an increase of about 2.4E-7/year from the current CDF of 
about 4.6E-6/year due to internal events.

I
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The Level 2 PRA calculates the containment response under postulated severe accident 
conditions and provides an assessment of the containment adequacy. Changes of 17 percent 
in power represent relatively small changes to the overall challenge to containment under 
severe accident conditions. The licensee indicated that the time to containment failure may be 
reduced by 5 minutes to 30 minutes as measured over accident times of 6 hours to 30 hours.  
This is judged to be a minor change in the Level 2 PRA assessment. In addition, the success 
criteria for RPV depressurization was modified for the Level 2 assessment, similar to the 
modification in the Level 1 assessment. This change in success critea s a minor impact on 
the conservative assessment of Level 2 LERF using the QCNPS Level 2PRA model. Based' 
on the changes to the Level 1 model as input to the Level 2 m/odel, the LERF increased from 
the base value for the current, pre-uprate plant of about 3-3E-6lyearto thetPU LERF of about 
3.4E-6/year; an increase in LERF of approximately 1 .SE-7•year, or about 4 percent. This 
increase in LERF is considered conservative by the licensee because it follows the simplified 
and conservative approach described in NUREG/CR-6595, "An Ap•proach for Estimating the 
Frequencies of Various Containment Failure Modes and Bypass Events," and does not credit 
the use of drywell sprays.

Based on the reported analyses and results, the 
from internal events due to the proposed EPU ai 
in RG 1.174. However, a number of issues aVE 
evaluation. The staff believes that the lcensee 
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:-informed application, the staff would require the licensee to 
ý to further demonstrate the overall risk acceptability, including 
I issues. However, given that the estimated impacts associated 
-cent, the staff believes that these issues would not significantly 
It raise the change in risk values above the RG 1.174 acceptance 
this specific license application and thus, would not rebut the 
ction or warrant denial of the license amendment.

External Eve

The NRC SER, including the staff contractor's TER, on the QCNPS IPEEE was issued in April 
2001 and concludes, based on the Step 1 and Step 2 reviews, that the licensee's process is 
capable of identifying the most likely severe accidents and severe accident vulnerabilities and 

that QCNPS has therefore met the intent of Supplement 4 to GL 88-20. For the IPEEE seismic 
analysis, QCNPS is categorized as a 0.3g focused-scope plant, per NUREG-1407. The 
licensee performed the QCNPS seismic evaluation using the EPRI SMA methodology 
described in EPRI NP-6041-SL, with enhancements specified in NUREG-1407 and 
supplemented by the use of the SQUG GIP for the seismic adequacy evaluation pertaining to 

USI A-46. In the fire area, the licensee used EPRI's FIVE methodology, as described in EPRI
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TR-1 00370, to perform a screening review, and then a PRA was used to estimate the fire CDF 
contribution. The supplementary PRA included significant inputs from the EPRI FPRAIG, as 
described in EPRI TR-105928. The IPEEE fire analysis was conducted twice and was further 
supplemented by additional analysis, in response to the IPEEE review staff requests for 
additional information developed as a result of the Step 2 site audit review process. For the 
IPEEE evaluation of HFO external events, the licensee used the progressive screening 
approach recommended in NUREG-1407.

Because the licensee used the EPRI SMA methodology, 
However, the licensee states, in the supplemental inforrr 
that the conclusions and results of the SMA were judgec 
the licensee states that the EPU has no impact on the s( 
structures, and components. Specifically, the EPU resu 
the RPV, but the additional blowdown loads on the RPV 
seismic event, are judged not to alter the results of the 1E
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EEE SMA. Thus, it appears that the IPEEE 
s-operated plant, at least at the time that the 
for justification of risk-informed licensing

Of the components on the plant's compoite IPEEE equipment list, the NRC SER indicates that 
the licensee reported that 24 categories of outliers, comprising about 58 items of equipment, 
that were ultimatey determined to have HCLPF capacities less than 0.3g. Subsequent to the 
issuance of the NRC SER on the QCNPS IPEEE, the licensee has indicated that it has 
completed, or will complete during the next refueling outage, the plant improvements and other 
actions to resolve the US!A-46 outliers. These improvements pertain primarily to enhancing 
anchorage/support capacity and reducing or eliminating the potential for adverse interactions.  
As a result of these plant improvements and other actions, the licensee has stated that the 
plant's.HCLPF capacity should be at least 0.24g because the improvements are being designed 
to meet the plant's design basis SSE. The NRC SER on the QCNPS IPEEE states that this 
increase in seismic capacity would represent a significant safety enhancement. However, the 
NRC SER also states that the licensee's study does not demonstrate that the plant's seismic 
capacity will exceed its design basis SSE level, even after the extensive proposed 
improvements are implemented, and that the licensee has not evaluated, or proposed to 
evaluate, the plant's seismic capacity beyond the SSE level of 0.24g, whereas the RLE for 
QCNPS is 0.3g.
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To gain some risk perspective as to the importance of the resolution of the seismic outliers and 
the ultimate plant HCLPF capacity, the staff performed some simplified seismic risk calculations 

using the methodology and information available from the licensee's responses to the staff 
requests for additional information involving the DNPS EPU license application submittal. Note 

that the DNPS siesmic hazard estimates in Appendix A of NUREG-1488 are slightly greater 

than the ACNPS siesmic hazard estimates. Therefore, using the DNPSJnforma•tion for the 
simplistic evaluation of QCNPS should be conservative. For a plant HCLPF capacity of about 

0. lg, the resulting CDF is approximately 4E-5/year. The staff considers tsa close 
approximation of the QCNPS IPEEE plant, which is stated to have a HCL capacity of 0.09g.  
Given the low plant capacity, it is not surprising that the risk associated with this plant is 
dominated by relatively low g-level earthquakes (i.e., 0.1g through 0,4g). If the plant HCLPF 
capacity was improved to about 0.15g as a result of the plant modifications to resolve the USI 
A-46 outliers, the resulting CDF would be about 2E-5/year, which would be about a 50 percent 
reduction in risk from the IPEEE plant condition. Because of the improved plant capacity, the 

dominant risk contributors are from slightly higher range earthquakes (i.e., between 0.2g and 
0.5g). Finally, if the plant HCLPF capacity was improved to about 0.3gthe RLE of the IPEEE 
SMA, as a result of the plant modifications to resolve the USI A-4.6 outls, the resulting CDF 
would be approximately 3E-6/year, which would be about a 90 percenf(.e., order of magnitude) 
reduction in risk from the IPEEE plant condition.Because of this improved plant capacity, the 

dominant risk contributors are from the higher range earthquakes (i.e., g-levels greater than 
0.4g, with the highest contribution from 1g).

It is worth noting that the predonr 
and adverse interactions. Thus t 
induced plant CDF (i.e., no differ 
results).

The origin 
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separatior 
reliance o 
identified 
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reflec•ed t 
modeling.  
vulnerabil 
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ate seisn 
!cEPU wb 
ce betWE

iutlier issu'es deal with insufficient anchorage 
not have a significant impact on the seismically 
zurrent, pre-uprate plant and the EPU plant risk

al~ QCNPS lPEEEfire analysis reported a large CDF, about 5E-3/reactor-year for 
and identified potentialafire vulnerabilities that resulted, in part, from the lack of 

1 of redunda~nt equipm~ent, the complex operator actions for fire recovery, and the 
n opposite unit equipment to shut down the affected unit. In addition, the staff 

discrepancies between the safe-shutdown analysis and the post-fire safe-shutdown 
,s. By letter dated July 29, 1999, the licensee submitted a revised fire analysis that 

he resolution of the safe-shutdown issues and included other changes to the fire 
This revised fire analysis also concluded that there are no potential fire 

ities. Based •n the staff SER, the differences between the original and revised 
were mostly due to more detailed and realistic information on cable routing, a revised 
on frequency evaluation, the use of the safe-shutdown model, and the use of a fire 

in model. The revised analysis showed that more equipment would be available for 
Jown, and recovery actions could be performed using plant emergency operating 
ýs with most operator actions taken in the main control room.

To address the impacts of the EPU on the fire analyses, the licensee performed an estimate of 

the top 10 fire scenarios in terms of CDF contribution for each unit. In each case, it was 

concluded that the EPU would have only a minor effect on the current IPEEE fire risk. The 
QCNPS fire risk is dominated by loss of decay heat removal sequences. The operator actions
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important for mitigating these scenarios are long-term and the power uprate would have a minor 

impact on the time available for those actions. The current, pre-uprate plant contribution to 

CDF from fires is approximately 6.6E-5/year for Unit 1 and 7.3E-5/year for Unit 2. Based on the 

above licensee analyses, the licensee states that the effects of fires on the base CDF for EPU 
conditions are negligible.

The licensee did not quantitatively estimate the CDF contribution fron 
events were screened out using their progressive screening approaci 
determined that their contributions to risk were negligible. Likewise,.  
licensee states that there are no impacts due to EPU from these othE

The staff finds that the increase in CDF from fire and H 
EPU appears to be negligibly small and within the guidt 
based on the staff's simplified seismic risk calculations 
expects that the seismic CDF will not exceed the baseli 
RG 1.174 and that the change in risk associated with tI
should be noted that these results reflect a simplified cý 
uncertainties and should not be the sole basis for the s 
existing conditions. Further, the staff's simplified calcul 
safety improvement (i.e., risk reduction) can be achievE 
0.3g. Therefore, the staff believes that it Would be pruc 
current seismic capability of QCNPS and ensure that it 
0.3g focused-scope plant, including implementing any 
this capability.
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ternal events due to the proposed 
provided in RG 1.174. In addition, 
vide a risk perspective, the staff 
ceptance guidelines delineated in 
Jis neligibly small. However, it 
ion that contains large 
lecisionon the acceptability of the 
demonstrates that significant 
ncreasing the plant's HCLPF to 
ýrth•e licensee to evaluate the 
ih the IPEEE SMA criteria for a 
inal plant modifications to achieve

n a risk-informed appi•cation• the staff would specifically require that the 

rrent plant capabili d, as appropriate, design and implement the 
3rational modifications to achieve the IPEEE SMA criteria for a 0.3g 
I that the supporting analysis be provided to the staff for review and 
emening these modifications. However, because the licensee has 

•st of the plant modifications and will complete the remaining plant 
next refueling outage and thus before implementing the EPU to resolve 

Aes, and because the staffs simplified calculation indicates that the 

n the PG 1.174 acceptance guidelines, the staff believes that this issue 
Iter the overall results (i.e., not raise the change in risk values or the 
the RG 1.174 acceptance guidelines) and conclusions of this specific 
is, this issue would not rebut the presumption of adequate protection or 
ense amendment.

i Risk

The licensee indicated that it evaluated the CDF and LERF changes due to the EPU using the 
insights derived from the shutdown risk management tool used at QCNPS and the insights 

gained in the application of a quantitative shutdown risk model to the site. The conclusion from 
these insights is that the changes in CDF and LERF due to EPU are negligible compared with 

the shutdown risk levels that are present in the current, pre-uprate case.

the L 
plant 
wouli
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The following qualitative discussion applies to the shutdown conditions of hot shutdown (Mode 

3), cold shutdown (Mode 4), and refueling (Mode 5). The EPU risk impact during the 
transitional periods such as from at-power (Mode 1) to hot shutdown and from startup (Mode 2) 
to at-power are considered subsumed by the at-power Level 1 PRA.

The functional impacts of the EPU on shutdown risk are similar to the 
Level 1 PRA, with the exception that reactivity additions are different i 
than in the at-power condition. The risk contributors include the loss 
makeup/injection failures, and reactivity control failures. The first two 
similar in nature to the at-power risk assessment. The reactivity contr 
shutdown is related to misloaded fuel or mislocated fuel, as opposed 
issues for the at-power evaluation. The shutdown reactivity control is 
the EPU and, therefore, their contribution to changes in COF or LERF 
licensee to be zero.

The other areas of licensee review for 
success criteria, and human reliability 
include RPV draindown and loss of SE 
potential for initiating events during sh 
has been identified based on the EPU 
possible increase in the turbine trip ini 
10.4.1.1, due to the need to operate tf 
does not apply during shutdown condi 
Further, with the reactor at low power, 
uprate configuration with two of the thi 
pumps operating. For this configuratic 
start and a low RPV level scramnwill b 
from the current, pre-uprate plant ope 
UAT and RAT will not experience an o 
Thus, for low power and shutdown.  
initiating event frequencedu to trans

n the at-power 
tdown condition 
,PV water 
I challenges are 
nal impact at

to the failu 
sues are n 
was asse

plion of 
the

the shutdown risk evaluation included initiating events, 
analysis (HRA). lmportantinitiatin events for shutdown 
)C. However, no new initiating events or increased 
utdown (e.g., loss of a decay heat removal (DHR) train)) 
configuration. The at-power c.hange that leads to a 

tiating event freque.cy, as discussed above in Section 
ieinstalled spare FWad condensate/booster pumps, 
tions because the turbine has been tripped already.  
"the plant is expected to be operating in the current, pre

ree FW Pumps and three of the four condensate/booster 
n, ifa pump trips, the standby pump will automatically 

e avoided. Thus, there is no change in risk at low power 
rations. The low power configuration also means that the 
verduty condition if only one transformer is operable.  
erations there is no potential for an increase in the LOOP 
former overloading.

The impa 
The incre 
already s 
boildown 
and apprc 
shutdown

basi

ct of the EPU on the success criteria during shutdown is similar to the Level 1 PRA.  
ased power level decreases the time to boildown. However, because the reactor is 
hutdown, the boildown times are relatively long compared to the at-power PRA. The 
time is approximately 1 hour at 2 hours after shutdown (e.g., time of hot shutdown) 
)ximately 2 hours to 4 hours at 12 hours to 24 hours after shutdown (e.g., time of cold 
). The changes in the boildown time when comparing the current, pre-uprate cases 

?U cases are small fractions of the total boildown time. These small changes in 
time have a negligible effect on the calculated HEPs, which are predominately cause
opposed to being driven by the available time for the action.

The increased decay heat loads associated with the EPU impacts the time when low-capacity 
DHR systems, FPC and RWCU, can be considered successful alternate DHR systems. The 

EPU condition delays the time after shutdown when FPC or RWCU may be used as an 
alternative to SDC. However, shutdown risk is dominant during the early time frame soon after
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shutdown, when the decay heat level is high and FPC and RWCU would not be viable DHR 
systems for either the current or the EPU conditions. At QCNPS the time in each outage when 
various DHR systems are available is assessed. The RWCU and FPC systems would not be 
included in the defense-in-depth evaluation until the EPU decay heat level was sufficiently low 
for these systems to be successful alternatives. Therefore, the impact of the EPU on the FPC 
and RWCU success criteria has a negligible risk impact.

It is recognized in the shutdown risk quantifications that the SDC e 
continuously for a significant portion of the outage. Therefore, for t 
would be required to run for a longer time than in the current, pre-L 
systems with lower heat removal capacity are adequate for DHR.  
generally very low risk periods during the outage. Therefore, forth 
FPC or RWCU could provide a backup in the current case, theyw( 
EPU case for some additional short period of time. The time differ' 
and the EPU conditions when FPC and RWCU may not be adequa 
approximately 12 days in the time frame from 26 days to 38 days f 
on conservative assumptions (e.g., no decay heat loss to structure 
Because the shutdown risk profile is dominated by the risk at early 
0 days to 10 days), increasing the time when SDC is the only adeq 
which the risk is low due to low decay heatfhs a minor impact .n 
With QCNPS outages lasting less than 20 days, this change in suc 
on the integrated shutdown risk. Other success criteria are mnargin 
The EPU has a minor impact on shutdown RPV inventory makeup 
low makeup requirements associated with th ow decay heat leve 
suppression pool is also lower bec'ause of the low decay heat level 
the SPC capacity are adequate for the EPU .cndition. The EPU ir 
for blowdown loads, RPV o.verpressure main aid SRV actuatior 
because of thelowRPV pressure and low decay heat level during

Similar to the 
for operator 
Level 1 PRA 
These opera 
pressure anc

/el I F 
sign ifi

tor actior 
I the rea(

[I 
JI

operating 
dition, SDC 
iefore other

nese iater times are 
iose low risk situations when 
)uld become marginal in the 
ential between the current 
te alone as DHR methods is 

ollowing a shutdown based 
s or the environment).  

t the outage (e.g., 
uate DHR system, during 
the overall shutdown risk.  
;cess criteria has no impact 
ially impacted by the EPU.  
requirements because of the 
I. The heat load to the 
I, such that the margins for 
"npact on the success criteria 
is estimated to be minor 

shutdown.

RA, the decreased boildown time decreases the time available 
cant, time-critical, operator actions impacted in the at-power 
depressurization, SBLC injection, and SBLC level control.  
irectly apply to shutdown conditions because the RPV is at low 
-ritical.

The risk-significant operator actions during shutdown conditions include recovering a failed 
DHR system or initiating alternate DHR systems. However, the typically long boildown times 
during shutdown e.g., hours as opposed to minutes) result in the EPU having only a minor 
impact on the shutdown HEPs associated with recovering or initiating DHR systems. Because 
the availambletime is relatively long and the HEPs are dominated by the cause-based HRA 
performance shaping factors, the increased decay heat levels during shutdown for the EPU 
conditions will not appreciably impact the HEPs.  

Based on a review of the potential impacts on initiating events, success criteria, and operator 
response times, the EPU configuration will have a minor impact on shutdown risk. Any 

quantitative impact of the EPU on shutdown risk is evaluated using the deterministic Outage
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Risk Assessment and Management (ORAM) software. The ORAM software evaluates the 
planned plant configuration, including systems available, RPV water level, RPV and 
containment status, and decay heat level, which is used for calculating time-to-boil or time-to
uncover-fuel. The ORAM software evaluates the planned outage schedule to ensure that 
adequate defense-in-depth is maintained throughout the outage. With respect to the EPU, 
based on the increased decay heat level, ORAM will be able to identifyhow much longer SDC 
needs to operate before alternative DHR systems could be placed in servce.

Based upon the above risk management process, the lic 
little or no effect on the process controls for shutdown riý 
on the overall ability of the licensee to adequately manar 
the impact on shutdown risk due to the proposed EPUw 
licensee's current shutdown risk management process.  

10.4.4 Quality of PRA 

The quality of the PRA used to support a license applica 
role that the PRA results play in the utility's and stafs d( 
commensurate with the degree of rigor needed to provid 
decision. In this case, the licensee is not reqUesting relL 
requirements for the proposed EPU an the staffs apprc 
meeting the current deterministic requihmente 
insights. ---

isee indic 
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shutdow
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EPU will ha% 
)gligible effe

-isk. T1 
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niiaking process and should be 

technical basis for the staff's 
f a'ny deterministic 
,riarily based on the licensee 
essment providing confirmatory

Therefore, to determine wh 
sufficient qualty, scope, an 
in its submittal and conside 
and I PEEEand considerec 
part of the BWR Owners Gi 
2001, the NRC s 
processes t its reý 
licensees•submittal focsei 
stem•mng from both the cui 
staff's evaluation did notin

ed

er the PRA in support of the license application is of 
etail, the staffevaluated the information provided by the licensee 
the review fndings on the original and/or revised QCNPS IPE 

e fact that the QCNPS PRA has been through a peer review as 
p er Review Certification process. In addition, in July 
the QCNIS PRA maintenance and update procedures and 
v of the licensee's proposed EPU. The staffs evaluation of the 
i the capability of the licensee's PRA model to analyze the risks 
it, pre-uprate plant operations and the EPU conditions. The 
,e an in-depth review of the licensee's PRA.

The licensee stated inits supplemental information and in response to staff requests for 
additional information associated with the QCNPS EPU license application, that it maintains and 
updates each of its PRAs to be representative of the respective as-built, as-operated plant and 
that the PRA update process is formalized by procedure. The licensee also stated that this 
procedure defines the process for regular and interim updates for issues identified as potentially 
affecting the PRA and that this process assures that the present PRA reflects the current plant 
configuration and plant procedures. The licensee's risk management processes are stated as 
providing for ongoing review of plant design changes, procedure changes, and formal 
calculations, to ensure that PRA personnel are aware of actual and pending changes to the 
plant. Plant changes with the potential to impact the PRA are recorded in a database, along 
with an assessment of whether immediate model changes are required. None of the items
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currently in the database have been identified as having a major impact on the PRA and none 
have required an immediate model change.

In response to a request for additional information from the staff, the licensee stated that it 
assure that the assumptions in the PRA used the EPRI methodology described in Technical 
Bulletins 96-1 1-01, "Monitoring Reliability for the Maintenance Rule," and 97-3-01, "Monitoring 
Reliability for the Maintenance Rule - Failures to Run." The methodology statistically 
determines when a failure rate experienced in the plant is significantly.utside the expected 

failure rate used in the PRA. if the lieensee raguests a higHeF ItC licensee considers 
higher RPCs for the plant, PRA sensitivity studies are used. fei- t 1pnta H RA sznsitiv4 
study is perfOFrmad to eMSurae that the rosulting ri84( ef4r am it aeeepteblet asspumiriea 
eguiprncnt is at its RPr and availability pe1rfformanee ttri (Arc linits. The licenseed tated 
that since the EPU has a small impact on PRA parameters, the EPU will have a negligible 
impact on the Maintenance Rule performance criteria. In addition, the licensee stated that pla 
engineers trend overall risk as part of the Maintenance Rule program, p quarterly 
evaluations of the 12-month rolling average CDF. Risk increases or decreases with respect to 
the base CDF are evaluated. To date, the evaluation has indicated thatte trends are non-ris 
significant. The licensee asserts that this indicates that the PRA modeladequately reflects thE 
current maintenance practices. Further, thelicensee stated that durin the next scheduled PF 
model update, the latest unavailability data from theMaintenance Rule will be used for risk
significant equipment. Thus, the license has aprocess in place to update the equipment 
unavailabilities in the PRA models to reflect theurrent plant maintenance practices.

F I
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The addendum to the NRC SE 
that the licensee had met the i 
QCNPS PRA models since thi 
models tosupport a license a[ 
prograrr. Much of the upgrad 
Review Certification of the DN 
PRA has also been through a 
Review Certification process.  
1999, concluded that theQ QC 
combined with deterministic i
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it 0 
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pe( 
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he QCNPS IPE was issued in July 1997 and concluded 
f GL8-20. The licensee has significantly upgraded the 
eviewrelative to GL 88-20 and has used the latest PRA 
n for establishing a risk-informed inservice inspection 

Dased on the results of the BWR Owners Group PRA Peer 
, which was completed in January 1998. The QCNPS 

!view as part of the BWR Owners' Group PRA Peer 
Cf4PS peer review, which was performed in November 
A was adequate to support regulatory applications, when

its.

The NRC SER, including the staff contractor's TER, on the QCNPS IPEEE was issued in April 
2001 and concludes, based on the Step 1 and Step 2 reviews, that the licensee's process is 

.apable of identifying the most likely severe accidents and severe accident vulnerabilities and 
that. QNPS has-therefore met the intent of Supplement 4 to GL 88-20. For the IPEEE seismic 
analysis, QCNPS is categorized as a 0.3g focused-scope plant, per NUREG-1407. The 
licensee performed the QCNPS seismic evaluation using the EPRI SMA methodology 
described in EPRI NP-6041-SL, with enhancements specified in NUREG-1407 and 
supplemented by the use of the SQUG GIP for the seismic adequacy evaluation pertaining to 
USI A-46. In the fire area, the licensee used EPRI's FIVE methodology, as described in EPRI 
TR-1 00370, to perform a screening review, and then a PRA was used to estimate the fire CDF 
contribution. The supplementary PRA included significant inputs from the EPRI FPRAIG, as 
described in EPRI TR-105928. The IPEEE fire analysis was conducted twice and was

I
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supplemented by additional analysis in response to the IPEEE review staff requests for 
additional information developed as a result of the Step 2 site audit review process. For the 
IPEEE evaluation of HFO external events, the licensee used the progressive screening 
approach recommended in NUREG-1407.

The NRC SER states that the QCNPS IPEEE SMA concludes that the 
capacity of 0.09g PGA and that this result was controlled by insufficien 
capacity of cable trays. The NRC SER notes that the original plant HC 
which is slightly over one-third the SSE level of 0.24g for QCNPS, ndil 
margin. The NRC SER also notes that the licensee had implemented, 
the time of the development of the NRC SER, an extensive number of 
other actions to resolve the IPEEE-identified USI A-46 outliers. Thus, 
SMA does not accurately represent the as-built, as-operated plant at tI 
performed, as RG 1.174 requires for justifying risk-informed licensing

Subsequent to the issuance of the NRC SER on 
it has completed the plant improvements and oth 
These improvements pertained primarily to enhaj 
reducing or eliminating the potential for advetrei 
improvements and other actions, the licensee stE 
at least 0.24g. The NRC SER on the QCNPS IPI 
capacity represents a significant safety enhancer 
confirm this statement. However, the NRC SER 
demonstrate that the plant's seismic capacity will 
the extensive proposed improvements areimpler 
evaluated, or proposed to evaluate, the plant' sE 
whereas the RLE for QCNPS is 0.3g.
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icing anchoragelsupport capacity and 
nteractions. As a result of these plant 
ted tha~tthe plant's HCLPF capacity should be 
'EE states that this increase in seismic 
nent, and the staff's simplified risk calculations 
also states that the licensee's study does not 
exceed its design-basis SSE level even after 

nented, and that the licensee has not 
..s..ic capacity beyond the SSE level of 0.24g,
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indicate the 
specific licen 
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credit for Dia
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thE

se applicý 
S IPEEE, 
nt modific 
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licensee's PRA management and control processes continue to 
iave benefitted from the BWR Owners Group PRA peer review and 
staff finds that the licensee has provided sufficient information to 

the quality of their internal events PRA and fire analysis for this 
n. However, the staff also finds that the licensee's SMA, as presented 
es not reflect the existing plant conditions or capabilities and takes 
rns that had not occurred at the time of the analysis. Further, the staff 
iic risk contribution indicated inadequate seismic margin.

Fin.ally, given the number of plant and operational modifications related to, or being performed 
at the same time as the EPU, the staff believes that the licensee should expedite the next 
QCNPS PRA update and not wait until the next scheduled update, which may be 2 years in the 
future. By updating the PRA to reflect the current plant modifications and plant-specific 
operating information, the PRA, and the tools (e.g., Maintenance Rule, shutdown risk monitor) 

that rely on or use the PRA models, will more accurately reflect the as-built, as-operated plant.  
By updating the PRA before operating the plant at EPU levels, the licensee can confirm that the 

simplified models, simplified calculations, and analysis limitations (e.g., thermal hydraulic 
analysis at a power level less than 2957 MWt) associated with the EPU license amendment are
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confirmed to be bounding and/or assure that the overall risk impacts of the EPU and related 
modifications, reflecting the actual installed modifications or revised operations, remain within 

the acceptance criteria established in RG 1.174.

If this submittal had been a risk-informed application, the staff would specifically 
licensee evaluate the current plant seismic capability and, as appropriate, desig 
implement the necessary plant and operational modifications to achieve the IPE 
for a 0.3g focused-scope plant and that the supporting analysis be provided to t 
review and acceptance prior to implementing these modifications. lrdditionlt 
require the licensee to provide confirmatory responses regarding the riskcept 
actual installed plant modifications and proceduralized operator actions peiform 
in parallel with, the EPU, as well as to update the plant PRA and supporting th.  
analysis, prior to operating at EPU levels. However, as previously stated, the st 
these issues would not significantly alter the overall results (i.e., not raise the ch 
values above the RG 1.174 acceptance guidelines) and conclusionisof this spec 
application and thus would not rebut the presumption of adequate protection or 
of the license amendment.

10.4.5 Risk Evaluation Conclusions 

The staff finds that changes may occul 
LOOP initiating event frequencies, the 
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number of operator responses.  
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n, and the time available for a

ncase inthe turbine trip initiating event frequency is 
ification to initiate a reactor recirculation pump runback 
ate/booster pump and that the increase in LOOP initiating 
11 and mitigated by operator actions to shed loads 
all loads to a single transformer. Further, the staff finds 
increased probability of a SORV and the changes in 
all and/or within the conservatism of the current, pre
finds that the risk increases due to the reduced operator 

'U conditions are small and within the guidelines of

that the licensee has a process for managing plant risk during shutdown 
that the risk impact due to the EPU during these operations will be negligible.  
nds that the risk increases from external events under EPU conditions are 
negligibly small and within the guidelines of RG 1.174.

Based on the licensee's reported analyses and results and the staff's own calculations, the staff 

concludes that the increases in CDF and LERF from internal, external, and shutdown events 
due to the proposed EPU are expected to be small and that the risk impacts are expected to be 
within the acceptance guidelines provided in RG 1.174. However, the staff has identified a 
number of issues associated with the licensee's supporting risk analysis. These issues are the

174.
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use of simplified models that were developed in parallel with the design of the plant 
modifications and/or procedures (e.g., recirculation pump runback control circuitry and manual 
load shedding the UAT or RAT following a fast transfer without scram), the use of simplified 
calculations (e.g., LOOP initiation frequency due to overduty of the UAT or RAT), limitations in 
the supporting analysis (e.g., thermal hydraulic analysis performed at a power level less than 
the EPU license application power level of 2957 MWt), and uncertainties in the current and EPU 
plant seismic capacity. The staff believes that prior to operating under EU conditions, the 
licensee should confirm that the current analyses and PRA models, upon which the licensee 
based its conclusions regarding plant risk, bound the potential im pactsPfthe actual designed 
and installed plant modifications and operational/procedural modificationstht are being 

implemented as part of, or in parallel with, the EPU.  

Given the number of plant and operational modifications related to, or being performed at the 
same time as the EPU, the staff believes that the licensee should expedite the next QCNPS 
PRA update and not wait until the next scheduled update, which may be as much as 2 years in 
the future. By updating the PRA to reflect the current plant modifications and plant-specific 
operating information, the PRA, and the tools (e.g., Maintenance Rul, hutdown risk monitor) 
that rely on or use the PRA models, will more acurately reflect the as-built, as-operated plant.  
By updating the PRA before operating the plantatEPU levels, the licensee can confirm that the 
simplified models, simplified calculations, an analysis limitations of the EPU license 
amendment are bounding and/or assure that the overall risk impacts of the EPU and related 
modifications, reflecting the actual installed modifications or revised operations, remain within 
the acceptance criteria established in RG 1, .174 

In conclusion, during the course of its review the staff identified a number of issues associated 
with risk analysis supporting the EPU. However, the staff, recognizing that this submittal is not 

a risk-informed license ap•plication believesfte identified issues will not rebut the presumption 
that the licensee has provided adequate protection by meeting the deterministic requirements 
and regulations. Therefore the staff believes that the identified issues do not warrant denial of 
the license applicaion.~ 

10.5 Hum.n Factors 

This•evaluation is limited tothe effect of the increased maximum power level of operator 

performance. It covers required changes to operator actions, human-system interface, 
procedures, and training as a result of the increased maximum power level. The evaluation is 
based on the licensee's responses to five broad questions regarding human performance.  

The staff's gudance for this review includes Information Notice 97-78, "Crediting of Operator 
Actions in Place of Automatic Actions and Modifications of Operator Actions, Including 
Response Times," ANSI/ANS-58.8, "Time Response Design Criteria for Safety-Related 

Operator Actions," 1984, and NUREG-0800, Standard Review Plan, Chapter 18 (draft), "Human 
Factors Engineering." 

Question I - Describe how the proposed power uprate will change plant emergency and 
abnormal procedures.
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In its submittal of February 12, 2001 (Reference 8), the licensee stated that emergency 

operating procedure changes are limited to revisions to numerical values such as maximum 

core thermal power and heat capacity temperature limit of the suppression pool, and that 

operator actions remain unchanged. Two abnormal operating procedures (AOPs) will change 

as a result of modifications to equipment. First, the required actions following a FW pump trip 

will be changed to reflect the installation of an automatic recirculation system runback. The 
second AOP change reflects the modification of the condensate pump circuitry to trip the fourth 

running pump during a LOCA to prevent an electrical overload. EGC s dthat these 

emergency and abnormal procedure changes will be addressed duringoprator training 

sessions prior to operation at EPU conditions. The staff is satisfied with tis response as the 

changes are minimal and EGC has committed to provide the necessary training.

Question 2 - Describe any new risk-important operator actions 
power uprate. Describe changes to any current risk-important 
as a result of the uprate. Explain any changes in plant risk tha 
important operator actions. That is, identify those operator act 
response time or will have reduced time available: jdentify any 
automated as a result of the power uprate; an provide justific, 
changes.  

The licensee responded that no new rislk-inportart operator a( 
of EPU for QCNPS. g

For QCNPS, eight current oper 
the action will be reduced as a 
initiate RPV depressurization f 
minutes. EGG has calculated 1 
1.4 percent. The operator acti( 
an ATWS have a completiorn 
QCNPS HEP and resultin an ii

Questi 
for cor 
normaa 
charia

or
trol room contro 
1, marginal and c 
e? How will the, 
that will be upgi 
uprate and how

ult of 
wing 
tthe i

s a result of the proposed 
)erator actions that will occur 
esult from changes in risk
•sthatwill require additional 
erator actions that are being 

fort•ei acceptability of these 

)ns were identified as a result

onswere identified in which time available to complete 
EPU. In the worse-case action, the time available to 

a medium LOA is reduced from 25 minutes to 20 
ncreas in HEP will result in an increase in CDF of 
ecting SLC and controlling reactor vessel level following 
ites instead of 20 minutes. This will increase the 
inCDP of approximately 1 percent.

ny changes the proposed power uprate will have on operator interfaces 
displays, and alarms. For example, what zone markings (e.g., 

it-oe-tolerance ranges) on meters will change? What set points will 
perators know of the changes? Describe any controls, displays, and 
ided from analog to digital instruments as a result of the proposed 
ýperators were tested to determine they could use the instruments

The licensee stated in its submittal of February 12, 2001, that no major physical changes to 

control room controls, displays, or alarms are required as a result of the EPU. Some changes 

are required to indicator spans, alarm settings, and automatic actuation setpoints to 
accommodate increased process conditions. Existing zone banding on all control board 

indications will be reviewed for acceptability and revised as necessary prior to EPU operation.
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EGC listed the control board changes and additions to be made and the setpoints to be 
changed as a result of the EPU. EGC stated that these changes are being implemented as 
design changes in accordance with approved change control procedures. The procedures 
include an impact review by operations and training personnel.  

The staff is satisfied that the control room changes are minor and that they will be implemented 
by approved design change procedures, including an impact review by operations and training 
personnel.  

Question 4 - Describe any changes the proposed power uprate will e the safety 
parameter display system. How will the operators know of the changes? 

The licensee stated that the analog and digital inputs to the safety parameter display system 
(SPDS) are not affected. One alarm changes to reflect the revised low reactor water level 

scram function. The low water level is a separate amendment. The setpoint changes are 

listed in Reference 8. EGC has committed to complete these changes to the SPDS prior to 
power ascension to EPU conditions 
and to discuss these changes as part of the opertor training program for EPU. Based on 

these commitments, the staff finds that the licensee's considerationof the effect of EPU on 
SPDS is satisfactory.  
Question 5 - Describe any changes to the operator train program and the plant reference 

control room simulator as a result of the proposed power uprate, and provide the 
implementation schedule for making the changes.  

In its February 12, 2001, ,submittal, EGO stated that an operator lesson plan will be developed 
to teach plant changes as aresult of the EPtJand existing lesson plans will be revised to reflect 
the changes. The EPU lesson plan will be presented to all licensed and certified operations 
personnel before sta.tup for opera.inat extended power conditions. EPU changes will be 
incorporated in continuing-training lesson plans as applicable.  

Operator training forpower uprate conditions will be performed on the simulator prior to 
operating at EPU cond Ths training will consist of comparisons of plant conditions 
between the current maximum power level and the uprated power level, the normal operating 
procedure actions to achieve the uprated level, and selected transients and accidents that 

present the greatest change from previous power levels.  

A simultator software mdl reflecting the major plant systems and reactor changes as a result 
of the EPU will be implemented prior to the operator training session before the EPU is initiated.  
Simulator performance validation will be conducted in accordance with ANSI/ANS 3.5-1985. It 
will be performed in two stages. First, the simulator performance will be validated against the 
EPU expected system response. Second, post-startup data will be collected and compared 
with simulator performance data, allowing any necessary adjustments to be made to the 
simulator model.
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Based on these commitments, the staff is satisfied that the operators will be sufficiently 
trained and qualified in the EPU conditions.

The staff concludes that the review topics associated with the operator's integration into the 
proposed EPUd system have been satisfactorily addressed by the licensee. The staff further 

concludes that the proposed EPU should not adversely affect operator performance and 

minimally increases HEP based on reduced time available for several risk-important operator 

actions. The impact of these operator actions on plant risk is discussed in Section 10.4.  

11.0 CHANGES TO FACILITY OPERATING LICENSE AND TECHNICAL SPECIFICATII.O

12.0 STATE CONSULTATION

In accordance with the Commission's rE 
proposed issuance of the amendments.

iiations, 
-he Stati

official was notified of the 
.omments.)TIIC

13.0 ENVIRONMENTAL CC

Pursuant to 10 CFR 51.21, 51 
proposed amendment was pu 
There were no comments on t 
assessment and final finding c 
issuance of these amendmenl 
environment.'

•51 
ied

.33,and 35 a draft environmental assessment on the 
in theFeieral Register for a 30-day comment period.  

posed action. Accordingly, based upon the environmental 
gnificant impact, the Commission has determined that 

othave a significant effect on the quality of the human

concluded, based on the considerations discussed above, that (1) there is 
Sthat the health and safety of the public will not be endangered by 
sed manner, (2) such activities will be conducted in compliance with the 
ons, and (3) the issuance of the amendments will not be inimical to the 

security or to the health and safety of the public.
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EPU ONSITE AUDIT REVIEWS

During the weeks of March 26 and June 16, 2001, members of the NRC Reactor Systems 

Branch (SRXB) staff visited the Global Nuclear Fuel (GNF) engineering and manufacturing 

facility at Wilmington, North Carolina. The purpose of these visits was to perform on-site audit 

reviews of selected safety analyses and system and component performance evaluations used 

to support EPU license submittals. The March audit focused on the DAFC EPI, and the June 

audit was related to the QCNPS EPU submittal. The areas covered byAhese audits are related 

to the following sections of the licensee's safety analysis report and are disussed accordingly:

2.0 Reactor Core and Fuel Performance 

2.1 Fuel Design and Operation 
2.2 Thermal Limits Assessment 
2.3 Reactivity Characteristics 
2.4 Stability 

9.0 Reactor Safety Performance Evaluat 

9.1 Reactor Transients 
9.3 Design Basis Accidents 
9.4 Special Events

Review areas from the DAEC E 
each section, the areas review, 
reviews resolved a number of ( 
identified, which were addressE 
later, by licensee responses su

2.0 REACT(

that alsc 
re identif 
ýtions as 
y request 
arized IE

ply to DNPS and QCNPS are included here. In 
and grouped by a bullet listing. The audit 
ýussed below. Several open items were 
ýradditional information (RAIs) and resolved

AANCE

2.1 Fuel I

The staff audit following areas:

Ilowup issue ad( sed in RAI Question 3:

In 1992, following an NRC team audit of the GE-1 1 (9x9, part-length rods) fuel design 

compliance with Amendment 22 of NEDE-2041 1-PA, GE (now GNF) was encouraged to 

develop a procedure for implementing Amendment 22 criteria for new CPR correlation 

development as defined in GESTAR II. This procedure is documented in GNF Technical 

Design Procedure (TDP) 0117, Rev. 2, page 8. Explain how this procedure was applied in the 

development of the GEXL14 correlation for use with GE-14 (1 Ox1 0, part-length rods) fuel at 

QCNPS and DNPS, especially with regard to items 1 and 2 of the TDP, given the apparent 

absence of raw experimental data points for upskew and downskew power profiles. Provide 

technical justification if the criteria of Amendment 22 process criteria were not met.
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ATTACHMENT

The licensee response to RAI Question 3 states:

"TDP-01 17, Rev. 2, Sections 5.3 and 5.4 describes the test matrix for the ATLAS testing for the 

development of the GEXL correlation. This process was used, as described in 'GEXL14 

Correlation for GE-14 Fuel,' NEDC-32851, Revision 1, September 1999. NEDC-32851, Rev. 1 

also provides the process that was used to develop the uncertainties forGEXL1 4, using the 

COBRAG code to simulate the upskew and downskew power shapeeffecs

As discussed in the response to RAI Question 1 below 
reevaluated based on experimental test data alone. TI 
with axial power shape. See also the response to RAI 
correlations for GE-14 10x1O fuel will be in full complia 
and the application of the approved Amendment 22 pr( 
fuel design.  

GE-14 fuel design compliance with respect to the C 
applicable approved topical reports

In addition to the followup issue di, 
compliance with the Amendment 2 
32601P, NEDC-32694P, and NED 
compared with previous complian 
reviewers questioned several aspi 
process was largely met. There a 
responses for future reference to 

Fuel performance infon 
OCINPS. includina avai

GNIF staff 
designs ar 
assemblie 
recent dez

"nmai

iigns. The s

e GEXL 
include

•ESTAR

s ciaia GrIef dU~elI/-[ y U tL 1 iI Uh 
2. With this action, the GEXL 
mendment 22 to GESTAR II, 
iments the safety of the GE-14

22 process and

scussed bove, the staff reviewed the GE-14 fuel design 
22 process and with the approved topical reports, NEDC
C-025O2P, Rev. 1. To facilitate the review, the process was 
ce reviews ofthe GE-l i and GE-12 fuel designs. The 
ects of the documentation, but judged that the intent of the 
re no remaiing ýssues, and GNF will document the generic 

-nation for1Ox1 0fuel lattice design (GE-14) fuel used for 
lable post irradiation examination (PIE) data

frecent fuel performance information for 9x9 and 1 Ox1 0 fuel 
le for collecting future PIE data for the 1Oxl0 "fuel lead" use 
he results generally showed increased fuel reliability in the 
ed with the results and planned inspection schedules.

alyses of QCNP 
--14 core discus 
its

rst transition GE-14 reload core design, in comparison with equilibrium 
in the licensee's safety analysis report, with respect to operating T/H

.rfor•ied for the first GE-14 transition reload core were reviewed by examination of 

record files for QCNPS Cycle 18, and by discussions with Exelon and GNF 
ig personnel involved in the analyses.

The SRXB audit covered the following areas:

engir

2.2 Thermal Limits Assessment (Critical Power Performance)

L
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* Experimental data base for 10xlO fuel lattice designs, used to develop the GEXL14 CPR 
correlation for GE-14 fuel, for QCNPS reloads

Range of CPR experimental data and correlation fit with respect to QCNPS EPU operating 

power, flow, and temperature requirements

Statistical aspects of experimental data base and correlation, (del 

goodness of fit, uncertainty analysis) to support QCNPS applicat 

Critical Power Performance 

The staff reviewed the experimental data base used for the devel 
CPR correlation for the GE-14 (1Oxl0) fuel lattice design.

riment,

"nent

As indicated, in the follow-up issue discussion abc 
the testing of the new 1Oxl0 GE-14 fuel (and GE
correlations. No power upskew or downskew exp 
and validate the GEXL10 or the GEXL14 corte.a.  
The staff requested (RAI Question 2) the1icensee 
substantiate and validate the GEXL1 fad GEXLI 
and downskew regions. RAI Question 2 was as fc

erimental dat 
ns for use ir 
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n 1 is as follows:

The COBRAG computer code is the critical power ratio (CPR) methodology used to predict 

critical power behavior throughout the core. The NRC staff has not reviewed this code. We 

understand that COBRAG uses first principle models to predict boiling transition and the 

details of the flow field. Justify the adequacy of the COBRAG code in predicting, from "first
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principles," boiling transition phenomenon in the upper portion of GE-14 fuel and, if 
applicable to Quad Cities or Dresden, for GE12 (10x1O) fuel.  

In response to RAI Question 1 the licensee stated:

"For GE-14, the GEXL14 correlation was developed from full-scale cril 
axial power shape and COBRAG-predicted critical power trends versU 
Comparison of the GEXL correlation to more recently performed full-S 
for cosine and inlet peaked power shapes have shown that the GEXL' 
trend with respect to axial power shape and, therefore, the GEXL14c 
be adequate. The correlation uncertainty for the GEXL14 correlation9i 
based on data alone and the COBRAG-generated data is being remo• 
uncertainty calculations. The capability of the GEXL correlations for C 
axial power shape effect is being re-evaluated based solely on the full 
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aluation of stability impact of changes due to QCNPS mixed core with respect to 
strictions in operating region and scram due to instability.

The application of the ODYSY code to the Interim Corrective Action (ICA) stability solution 
was reviewed by discussions with GNF staff. At the time of the audit, the ODYSY stability 

application licensing topical report (NEDC-32992P) was under review and was subsequently 
approved as discussed in Section 2.4 of this SE.
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In reviewing the applicability of the long-term Solution I-D option for DAEC application, the 

staff questioned whether the generic DIVOM curve for core wide mode and regional mode 
stabilities was applicable for EPU operation. The DIVOM (delta critical power ratio [CPR] 
over ilnitial minimum critical power ratio [IMCPR] versus oscillation magnitude) curves are 
normalized curves of CPR performance versus the hot bundle oscillation magnitude. Two 
generic curves are used to specify core wide oscillation and regional mode oscillation. The 
regional mode curve is used to determine the Option III trip setpointsagainst regional mode 
instability. The core wide curve is used for Option I-D plants to ronfin that the flow-biased 
APRM trip setpoint provides adequate MCPR safety limit protection against core wide 
instability. The staff reviewed the QCNPS EPU and transition Cycle 18 analyses to 
determine the applicability of the generic curves for EPU operation. GE.provided the staff 
with a February 19, 2001, "Interim Corrective Action Reque st, which indicated that for 20 
percent EPU, the generic DIVOM curve may not be bounding for regional mode oscillations.  
The internal corrective action report stated that the generic DIVOM curves are acceptable 
for 5 percent power uprate. On June 29, 2001, GE issued a 10 CFR Part 21 report on the 
potential nonconservatism and provided a figure of merit to be applied to the both core wide 

and regional DIVOM curves. This resolved the staff's questions regading the applicability 
of the generic DIVOM curves for EPU operations at QCNPS as discussed in Section 2.4 of 
this SE.  

9.0 REACTOR SAFETY PERFORMANCE EVLA I 

9.1 Reactor Transients 

DNPS and QCNPS design record files and Projec Task Report T0900, "Transient Analysis," 
report were reviewed during the audit, Nopoblems were found, and the discussion of 
limiting transients is included in the approprate sections of this SE.  

9.2 Design Basis Accidents 

The SRXB.audit cover.ed the QNPS loss of coolant accident (LOCA) analysis for pre- and 

post-uprate conditions.  

"The staff reviewed the QGNPS LOCA analyses for pre- and post-uprate operating 
conditions by discussions of design record files with Exelon and GNF engineering personnel 
involved in the analyses. One item was questioned and resolved by RAI.  

"RAI Question 4 was as follows: 

The LOCA analysis of off-rated conditions (specifically, single loop operation) assumes 
that the statistical adders developed for the SAFER code at rated conditions will apply.  
Justify the use of these adders for single loop operation (SLO) at Quad Cities and 
Dresden.

In response to RAI Question 4 the licensee stated:
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"The maximum average planar linear heat generation rate (MAPLHGR) multiplier for single loop 

operation (SLO) is set at a value that keeps the nominal SLO peak cladding temperature (PCT) 

below the nominal two-loop PCT for the design basis accident (DBA). The upper bound PCT is 

then calculated for the limiting two-loop DBA case. This process assumes that the two-loop 

upper bound PCT would bound an explicit SLO upper bound PCT calculation. Inherent in this 

process is the assumption that the upper bound adder terms used in the two-loop calculations 
are bounding for SLO conditions.

"The SLO PCT is first peak limited; the two-loop PCT is 
uncertainty in the first peak PCT calculation than the sec 
peak PCT is governed primarily by the steady-state storn 
boiling transition. The phenomena governing the seconc 
include core uncovery, vessel refilling, spray and stearkn 
quenching, along with any residual effects from the firstfI 
reflected in the upper bound adder terms used for the fir 
calculations. Since the uncertainty is less for the firstpe 
adders are smaller. Therefore, the assumption that the 
two-loop calculation are bounding for SLO is valid."

9.4 Special Events 
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e Project Task Report T0902, "Anticipated 
the audit. The following section, 9.4.1, 
',NPS audit, regarding SLC system

(ATWS)

idditional information from the licensee on the ATWS events 
al transition cycle and at the EPU equilibrium cycle

The licensee confirmed that for all limiting ATWS events, the SLC system for DNPS Unit 2 will 

be able to inject at the appropriate time without lifting the SLC bypass relief valve. The cycle

specific reload analysis for DNPS Unit 3 and for QCNPS will confirm the SLC capability or will 

identify required system modifications. The limiting events for each of the five ATWS 

acceptance criteria in Section 9.4.1 of the licensee safety analysis report are identified as the 

PRFO for Criteria 1,2, and 3 and the MSIVC for Criteria 4 and 5. The licensee confirmed that 

the operator response to an ATWS event is not being modified from that described in Section 

L.3.2 "Operator Actions" of ELTRI. The licensee also confirmed that the system meets the 

ATWS acceptance criteria even if the operator requests SLC actuation before the time 

assumed in the analysis. The licensee response was summarized in a letter dated 
November 2, 2001 (Reference 55).
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Conclusions 

The SRXB staff audit, conducted during the week of June 16, 2001, covered the areas of the 

licensee safety analysis report being reviewed by SRXB. As stated, most questions were 

resolved during the audit, and the rest were covered by RAIs and the licensee responses. All 
open items were addressed. Based on the audit, and the licensee response to the RAIs, the 
staff finds that all issues have been satisfactorily resolved.



LIST OF ACRONYMS 

AC - alternating current 
ADS - automatic depressurization system 
AL - analytical limit 
ALARA - as low as reasonably achievable 
ANSI- American National Standards Institute 
AOO - anticipated operational occurrences 
AOP - abnormal operating procedure 
APC - availability performance criteria 
APRM - average power range monitor 
ART - adjusted reference temperature 
ARTS - APRM/rod block monitor TS 
ASME - American Society of Mechanical Engineers 
ATWS - anticipated transient without scram 
AV - allowable value 
BOP - balance-of-plant 
BWR - boiling water reactor 
BWROG - Boiling Water Reactor Owners Group 
CAD - containment atmosphere dilution 
CC - containment cooling 
CCF - common cause failure 
CDF - core damage frequency 
CGCS - combustible gas control system 
COLR - core operating limit report 
CPR - critical power ratio 
CRD - control rod drive 
CRDA - control rod drop accident 
CRDM -controlrodedrive mech.  
CREV - conitrol rboom emergency ventilation 
CRP - current rated powe~r 
CS- core spray 
CSC - containment sp.a coing 
CUF- cumulative usag!e 
DAEC - Duane Arnold Energ. Center 
DBA - design-basis accident 
DC - direct current 
DGCW - diesel aenerator coolinq water
DHR - decay heat removal 
DRF -dose reduction factor 
EGCS - emergency core cooling system 
EFPY - effective full power years 
ELLLA - extended load limit line analysis 
EPU - extended power uprate 
EQ - environmental qualification

v
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FHA - fuel handling accident 
FIV - flow-induced vibration 
FIVE - fire-induced vulnerability evaluation 
FPC - fuel pool cooling 
FPCC - fuel pool cooling and cleanup 
FPCCS - fuel pool cooling and cleanup system 
FW - feedwater 
GDC - general design criteria 
GE - General Electric 
GIP - generic implementation procedure 
GNF - Global Nuclear Fuel 
GL- generic letter 
HCLPF - high confidence of a low probability of failure 
HCU - hydraulic control unit 
HELB - high-energy line break 
HEP - human error probability 
HEPA - high-efficiency particulate air 
HPCI - high-pressure coolant injection 
HVAC - heating, ventilation, and air conditioning 
IMPCR - initial minimum critical power ratio% 
IORV - inadvertently opened relief valve• / 
IPE - individual plant examination 
IPEEE - individual plant examination of externa events 
ISTS - Improved Standard Technical Specification 
LERF - large early release freqency 
LFWH - loss of feedwater heating 
LOCA - losf-coolanbaccdent 
LHGR - linear heat generation rate 
LLRW - low-leve radioactivewaste.  
LOOP - loss of ffstepower K 
LOFWF - lossf-edwater flow 
LPCI - low-pressure clant injectioon 
LTR - Licensing Topicl Report 
MAPLHGR - maximum average planar linear heat gene 
MCPR - minimum critical power ratio

CS - main contr4 
A - maximum.

ration rate

room atmosphere control system 
ended load limit line analysis

ted valves 
isolation valve

MSLB - main steamline break 
NPSH - net positive suction head 
NRC - U.S. Nuclear Regulatory Commission 
NSSS - nuclear steam supply system 
OL - operating limit 
OM - oscillation magnitude 
ORNL - Oak Ridge National Laboratory
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ORTP - original rated thermal power 
PCT - peak cladding temperature 
PRA - probabilistic risk assessment

QCNPS - Quad Cities Nuclear Power Station 
RAI - request for additional information 
RBCCW - reactor building closed cooling water 
RBM - rod block monitor 
RG - regulatory guide 
RCIC - reactor core isolation cooling 
RCPB - reactor coolant pressure boundary 
RCS - reactor coolant system 
RHR - residual heat removal 
RHRSW - residual heat removal service water 
RPS - reactor protection system 
RPT - recirculation pump trip 
RPV - reactor pressure vessel 
RTP - rated thermal power 
RV - relief valve 
RWCW - reactor water cleanup 
RWE - rod withdrawal error 
SAFDL - specified acceptable fuel design imit 
SAR - safety analysis report /.  

SBLC - standby liquid control 
SBO - station blackout 
SDC - shutdown cooling 
SE- safety evaluation 
SER - safety evaluation rep 
SFP - spentfuelpool 
SGTS - standby gas treatment system 
SLC - stanby liquid control 
SLMPCR - safety limMit minmum critical power 
SLO - single-loop operatio.  
SORV - stuck-open relief valve 
SP. - suppression pool cooling
SPDS - safety parameter display system 
SSE - safe-shutdown earthquake 
SRM - source range monitor 
SRP.Standard Review Plan 
SRV - safety relief valve 
SV - safety valve 
TASC - Technical Activity Steering Committee 
TBCCW - turbine building closed cooling water 
TCV - turbine control valve 
TER - technical evaluation report 
TS - technical specification

ratio
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TSC - technical support center 
TSV - turbine stop valve 
TTNBP - turbine trip with bypass failure 
UAT - unit auxiliary transformer 
UFSAR - updated final safety analysis report 
UHS - ultimate heat sink 
USE - upper shelf energy 
USI - unresolved safety issue


