Power Rerate Report
for the f

Wolf Creek Generating Station

December 1992

Wolf Creek Nuciear Operating Corporation

2301080203 9301Cs
-
EDR ADOCK 05000482

T e R R



Executive Summary

The Wolf Creek Nuclear Operating Corporation has prepared this report to obtain NRC
approval of the Operating License and Technical Specification changes associated with
the Power Rerate Program in conjunction with the allowance for operation over a range
of temperatures

The Wolf Creek Generating Station is currently operating at a Rated Thermal Power
(RTP) of 3411 MWth. Upon approval of the associated Technical Specification
changes, this RTP wi'l be re-defined to be 3565 MWth. In addition, an analysis has
been completed to support operation over a range of temperatures. The current design
Tuor 18 618 2 OF The analysis supports a Tyt reduction of 15 OF . Thus the
allowable operational temperature range extends to a Tyt of 603.2 OF.

WCGS plans to operate with the power increase and a 5 OF reduction in Tyot. This
report summarizes the evaluations that were performed to confirm the acceptability of
these items. The report contains evaluations related to the following:

Design Operating Conditions

Nuclear Design and Core Thermal-Hydraulic Design
LOCA

Non-LOC \

Containment integrity

RCS Component and Fluid Systems

Balance of Plant

Document Revisions

No Significant Hazards Evaluation

Environmental Impact Determination

. » » . & 5 & » . »

The Wolf Creek Nuclear Operating Corporation has undertaken an extensive analysis
effort to support the proposed power uprating of the Wolf Creek Generating Station
from 3411 MWth to 3565 MWith rated thermal power. The Power Rerate Report, upon
approval of the NRC, will allow the power increase and the operation over a
temperature range during Cycle 7 operation, and beyond. This plan was outlined
during @ meeting with the NRC on April 10, 1991

The proposed Operating License and Technical Specification changes have been
evaluated and determined to be acceptable with respect to all applicable acceptance
criteria and that the margin of safety has not been reduced.
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PROGRAM DESCRIPTION

DEFINITION OF GOALS




1.2 APPLICABLE DESIGN CRITERIA

The analyses performad in support of the WCGS rerating program have been
completed in accordance with applicable quality assurance requirements. Equipment
reviews and evaluations have been performed in accordance with industry codes,
standards, and regulatory requirements applicable to WCGS. Assumptions and
acceptance criteria for the various analyses are addressed in the respective sections in
Section 3.0.

1.2 SCOPE SUMMARY
Section 3.0 of this report provides the evaluations which have been performed to
assess the effect of the rerating program on the following systems and components:

Heactor Vessel

Reactor Vessel Internals

Steam Generators

Control Rod Drive Mechanisms

Reactor Coolant Pumps

Pressurizer

RCS Piping, Supports and Primary Component Supports

Fluid Systems:

RCS, chemical and volume control, residual heat removal

B NSSS/BOP Interface:
main steam system, main feedwater system, auxiliary feedwater,
steam generator biowdown, cooling water systems

. Balance of Plant

The following areas have been evaluated to support plant operation at the rerated
conditions:

Design Operating Conditiors

Reactor Core and Thermal-Hydraulic Design
LOCA

Non-LOCA

LOCA and MSLB Mass & Energy Releases
Containment Integrity

RCS Component and Fluid Systems
Balance of Plant

Document Revisions

No Significant Hazards Evaluation
Environmental Impact Determination

® 5 & & B 5 5 8 s >

Section 2.0 of this report defines the rerated plant design parameters and transients,
and summarizes the effect on control systems
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TABLE 11

WOLF CREEK GENERATING STATION
RERATING PLANT CONFIGURATION

ite

Increased Thermal Power Output (4.5%)

Reduction in T-HOT

Large Break LOCA Re-Analysis
Small Break LOCA Re-Analysis

Intermediate Flow Mixers
(Start in Cycle 7, Full Core in Cycle 9)

Thimble Plugs
Positive Moderator Coefficient

Analysis for Increased Allowable
Steam Generator Tube Plugging

OTAT and OPAT Trip Setpoints

Core Cperating Limit Report

Plant Target Val
3579 MWy
Analysis: 15°F

Qperation 5°F

BASH Model
NOTRUMP Model

Addition

165/2.5
Removal
+6 pem/°F

10% Avg/10% Peak

Optimization

Preparation



20 DETERMINATION OF DESIGN !
21 DESIGN POWER CAPABILITY PARAMETERS

A summary of the design NSSS power capability parameters that have been
established is presented in Table 2-1. These parameters have been approved by
WCNOC and the Westinghouse Performance Capability Working Group (PCWG).
These parameters define the operating conditions for the Rerating Program. The first
column lists the current design parameters while the second and third columns list the
design parameters at the rerated conditions. Two sets of rerated parameters have
been generated to define operation at uprated power and nominal or reduced T-HOT.
By assessing the upper and lower limits of the T-HOT range, operation at any T-HOT
value in between, when defined for an operating cycle, can be supported. These
rerating parameters are those used as initial conditions for the safety, systems and
components evaluations and analyses.

It is noted that although the rerating incorporates a 15°F T-HOT reduction, it is not
expected that the current turbine design will support the full 15°F reduction at the rated
thermal power operation (3579 MWth) due to the volumetric flow limit of the turbine.

2.2 CONTROL AND PROTECTION SYSTEM SETPOINTS

A detailed accounting of the effects of the rerating program on non-safety related
contro! system setpoints has been completed. Changes to these setpoints have been
reviewed to assure maintenance of margin between control and protection system
setpoints and thus preserve operating flexibility. That is, control systems designed to
avoid reactor trips for certain plant transients will continue to perform as intended.

Changes to protection system setpoints as a result of the rerating program have been
incorporated into the safety evaluations performed in Section 3.0. These evaluations
have concluded that the appropriate safety-related acceptance criteria continue to be
met for the rerating program parameters

2.3 SYSTEM AND COMPONENT DESIGN TRANSIENTS

Revised NSSS design transients have been generated which define the number and
degree of pressure and temperature swings for a given set of plant conditions expected
to be encountered throughout the plant's design life. These transients form the basis
against which the system and componerit safety evaluations are conducted. As
discussed in detail in Section 3 5, ali systems and components continue to meet their
mechanical design criteria at the rerated conditions
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Not all of the design transients are affected by a change in the full power operating
temperatures. In general, only those transients that involve a significant change in
reactor power with temperature being controlled by the Tayg program will be affected.
Table 2-2 lists the NSSS design transients that have been revised for use in the NSS8
systems and coriponents evaluations.
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TABLE 21

WOLF CREEK GENERATING STATION
PERFORMANCE CAPABILITY PARAMETERS

Parameter

NSSS Power (MWip)
Reactor Power (MWp)

Thermal Design Flow (gpm/ioop)
Reactor Flow, Total (108 Ibm/hr)

Reactor Coolant Pressure (psia)

Reactor Coolant Temperature (°F)
Core Outiet
Vessel Qutlet
Core Average
Vesse! Average
Vessel/Core Iniet
Steam Generator Outlet

Steam Generator
Steam Temperature (°F)
Steam Pressure (psia)
Steam Flow, Total (106 Ibm/hr)
Feedwater Temperature (°F)
Zero Load Temperature (°F)
Steam Generator Tube Plugging (%)
Core Bypass (%)

Fuel Design

*With IFMs

2-3

Current
Design
Basis

3425
341

95700
142 1

2250

6214
618.2
5918
588.5

568 8
558.6

544 6
1000
15.14
440
557

0

58
17X17

Std

(Case 1)
Upper
Bound

T-HOT

3579
3565

93600
139.4

2250

625.0
620.0
593.0
588 .4

556 .8
556.6

538 4
950
16.92
446
557
10

84
17X17

V-6H*

(Case 2)

Lower
Bound

T-HOT

3579
3565

93600
1429

2250

608.5
603.2
5751
§70.7

538.2
538.0

5194
807
15.83
446
657
10
84
17X17

V-5H*



WOLF CREEK GENERATING STATION
NSSS SYSTEM DESIGN TRANSIENTS
D FOR RERATING

REVISE

Normal Condition Transients

Unit Loading and Unloading Between 0 and 15% power

Unit Loading and Unloading at 5%

TABLE 2-2

Transient®

/minute

Reduced Temperature Return to Power

Step Load Increase and Decrease

Upset Condition Transients

Loss of Load

Loss of Power

Partial Loss of Flow

Reactor Trip - Case A

Reactor Trip - Case B

Reactor Trip - Case C

inadvertent RCS Depressurization
Control Rod Drop

Inadvertent Safety In,ection

Emergency Condition Transients

-

Complete Loss of Flow

As identified in "System Standard

Transients Identification No 1 3F " Westinghouse Nuclear Energy Systems, Water
Reactor Division, Revision 0, March 1478

of 10%

1.3F NSSS Reactor Coolant System Design







are hydraulically compatible [1]. Table 3.1 2-1 provides a summary of the thermal-
hydraulic design parameters for the WCGS that were used in this analysis. The
thermal-hydraulic design for the upgraded fuel product was analyzed for an increase in
the design limit value for the nuclear enthalpy rise hot channel factor (F 4) from 1,55 to

1.65. This increase is achieved by removing unnecessary conservatism in the design
through the use of an improved critical heat flux correlation and improved analysis
methodologies as described in the following sections. The thermal-hydraulic design
criteria and methods remain the same as those presented in the WCGS USAR with the
exceptions noted in the following sections. All of the current USAR thermal-hydraulic
design criteria are satisfied.

3122 Methodology

The existing thermal-hydraulic analysis of the 17x17 STD and VANTAGE 5H fuel used
in the WCGS is based on the standard thermal and hydraulic methods and the WRB-1
critical heat flux correlation as describeq in the Unit USAR and subsequent approved
licensing submitals [2) The DNB analysis of the core containing the 17x17 §TD,
VANTAGE 5H, and VANTAGE 5H with IFM fuel assemblies has been modified to
incorporate the WRB-2 critical heat flux correlation [3) and the Statistical Core Design
(8CD) analysis methodology [4,5) The W-2 correlation and standard methods are still
used when conditions are outsic. the range of the WRB-2 correlation and of the SCD.

3.1.2.21 Critical Heat Flux Correlations

The WRB-2 critical heat flux correlation is based entirely on rod bundle data and takes
credit for significant improvement in the accuracy of the critical heat flux predictions
over previous DNB correlations. As documented in the VANTAGE 5 Fuel Assembly
Reference Core Report [3], the WRB-2 correlation was found to predict the CHF test
data with a mean measured/predicted ratio of 1.0CZ1 witt: a standard deviation of
00847 over 684 test points. The approved 95/95 limit for DNBR for standard,
VANTAGE 5H and VANTAGE 5F. with IFM fuel assemblies is 1. 17,

The NRC safety evaluation report for VIPRE-01, stated that "use of a CHF correlation
which has been previously approved for application in connection with another thermal
hydraulic code other than VIPRE-01 will require an analysis showing that, given the
correlation data base, VIPRE-01 gives the same or a conservative safety limit." [13)
This section presents a discussion of the qualification effort for the Westinghouse
WRB-2 critical heat flux correlation 85/85 design limit in the VIPRE-01 core thermal-
hydraulic analysis code.

Qualification of a CHF correlation for use in a thermal-hydraulic analysis code other
than the code used to develop the correlation requires that analyses be performed
which demonstrates that given the modeling philosophy and correlation set applied, the
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new code will yield conservative results.  This was accomplished for the WRB-2 critical
heat flux correlation and the VIPRE-01 code by an analysis of the entire data set used
by Westinghouse in the original development of WRB-2 with the THINC code. The
VIPRE specific results were then used to calculate the WRB-2 design limit which will
insure protection of at least 95 percent of the fuel at a 95 percent confidence level

The calculation of the WRB-2 design Iimit in VIPRE which provides 95/95 protection is
a function of the mean of the measured/predicted critical heat flux ratios, the standard
deviation of the measured/predicted ratios, and Owen's one-sided tolerance factor for
the cata set The expression for the correlation 95/95 design limit is given by,

DNBR ; ® ~smsmeimemecasen
“ MIP~K,, "0,
Where, DNBRy = CF . '~ -, J7/B5 design limit
M/P = Me ¢»=. - D¢ %ad Ratio
R = Owa e a7 woance factor. The factor is a function of

the nun o~ .nemiers in the correlation data set, the
confidenc? level “2quired, and the percentile protection
required
o, = Standard deviation of the measure/predicied ratios
Results from the VIPRE-01, Mod 1 analysis, summarized in Table 3.1.2-2, indicate a
mean measured/predicted ratio of 1 022377 and a measure/predicted standard
deviation of 0 079858 After adjusting for the deyrees of freedom, the standard
deviation ot the measured/predicted ratios from the VIPRE-01 code increases to
0.080629 The Owen's one-sided tolerance factor for 95% protection at a 95%
confidence level is 1.75 for a data set population with 6C ' members.  Thus, the results
of the VIPRE-01, Mod 1 analysis of the WRB-2 correlation data set indicate a 95/95
design limit of,

DNBR,, o i

1022377 -175(0 080629)
DNBR, =114

However, Westinghouse reported the design limit for WRB-2 at 1.17 for use with the
THINC code. The wording of the Safety Evaluation Report on the VIPRE-01 code
issued by the NRC requires the users of CHF correlations developed for codes other
than VIPRE-01 use the same or a more conservative 85/95 design limit. Therefore the
correlation design limit to be used for WRB-2 in the VIPRE-01 code is 1.17.
Examination of the WRB-2 qualification in VIPRE-01 results reveals two significant
points  First, the mean measured/predicted ratio from the VIPRE-01 data of
approximately 1.022 indicates that the WRB-2 correlation, as implemented in VIPRE-
01, slightly under predicts the experimental critical heat flux as compared to the results
originally reported. This is a conservative result. Secondly, the adjusted standard
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deviation of 0.080629 from the VIPRE-01 qualification results indicates that the under
predicting of experimental critical heat flux is consistent across the entire CHF
database Therefore, use of an correlation 95/95 design limit of 1.17 in thermal-
hydraulic analyses for the Wolf Creek Generating Station will yield conservative core
thermal-hydraulic designs

The W-3 correlation is used below the first mixing vane grid with a 95/95 limit DNBR of
1.30. The W-3 correlation is also used for the steamline break analyses with a 95/95
limit DNBR of 1 45 in the pressure range of 500 to 1000 psia [6).

31222 Thermal Design Margins

The determination of the statistical design limit for the rerate of the WCGS, cycle 7,
included measurement and calculational uncertainties on five core state variables,
power, flow, pressure, temperature, and radial peaking. The core state variables, the
associated uncertainties, and the distributions assumed in the determination of the
statistical design limit for cycle 7 are summarized in Table 3.1.2-3. The resulting SDL
for the WRB-2 critical heat flux correlation for the cycle 7 design was established as
1.91.

Generic design margin, which is used to account for various design penalties, is then
added to the statistical design limit. This new DNBR limit, called the thermal design
limit (TDL) then defines the acceptance criteria for all DNBR evaluations. For cycle 7,
the generic margins allocated were,

Transition Core Penalty 12.0%
Lower Plenum Flow Anomaly 3.0%
Rod Bow Penalty 1.5%
Axial Peaking Uncertainly Penalty 2.5%
Design Margin 8.22%
Total Generic Margin 27.22%

The thermal design limit for the cycle 7 design is then giver by the expression;

. SDL
IDL =
10~%AM argin /100
131
TDL =
(10-(27 22/100)]
TDL =180
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These nozzles are flow paths between the reactor vessel and core
barrel annulus and the fluid volume in the vessel closure head
region above the upper support plate A fraction of the flow that
enters the vessel inlet nozzles and into the vessel/barrel
downcomer passes through these nozzles and into the vesse!
closure head region.

- r tl |
Some of the flow that enters the vessel/barrel downcomer will leak
through the gaps between the core barrel outlet nozzles and the
reactor vessel outlet nozzles and merge with the vessel outlet
nozzle flow.

ue' oly - Baffle Pl vit
This is the core bypass flow path between the peripheral fuel
assemblies and the core baffle plates.

Fuel Assembly Thimble Tubes

These tubes are physically part of each fuel assembly skeleton and
flow within them is partially effective in removing core heat
However, such flow is analytically not considered to be effective in
heat removal, and is consequently treated as core bypass flow.
Thimble plugging devices reduce this component of the overall
bypass flow

The design value of overall core bypass flow used in existing safety analyses for the
Wolf Creek Generating Station is 5.8%. The change in core bypass flow resulting from

the VANTAGE 5H fuel assembly with IFM grids was calculated. The result is an

increase in the core bypass flow to 6 4% for thimble plugs in place or 8. 4% with thimble

plugs removed. The best estimate bypass flow, which neglects calculational
uncertainties for the case with thimble plugs removed was determined to be 6.61%.

Effects of Fuel Rod Bow on DNBR

The phenomenon of fuel rod bowing must be accounted for in the DNBR safety

analysis of Condition | and Condition |l events. In the IFM region of a VANTAGE 5H
with IFM fuel assembly, the grid-to-grid spacing is approximately 10 inches compared
to approximately 20 inches in the current fuel assemblies in the Cycle 6 core. Using
approved methodology [7], the predicted channel closure in the 10 inch spans in the
VANTAGE 5H with IFM assemblies will be less than 50%. Thus, no rod bow penalty is
required in this region. in the spans below the IFM region of the VANTAGE 5H with
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IFM assemblies and for the resident fue!, rod bow is accounted for in available DNBR
margin as summarized in section 3.1.2.2.2

The maximum rod bow penalties accounted for in the design safety analyses are based
on an assembly average burnup of 24 000 MWD/MTU, as approved by the Commission
[8]. At burnups greater than 24,000 MWD/MTU, credit is taken for the effect of F

burndown, due to the decrease in fissionable isotopes ard buildup of fission product
inventory. No additional rod bow penalty is required

3.1.26 Fuel Temperature Analysis

The 0.374 inch O.D. fuel rod used in the VANTAGE 5H fuel assembly with IFM grids is
the same as that used in the Standard and VANTAGE 5H fuel assemblies resident in
the core. Fuel performance evaluations are completed for each fuel region to
demonstrate that the design criteria will be satisfied for all fuel regions under the
planned operating conditions for each reload core. Fuel rod design evaluations are
performed using approved models [9, 10, 11]. There is no change in the fuel
temperature design criteria used in the safety analysis calculations between the fuel
types resident for cycle 6 and the VANTAGE 5H with IFM grids to be loaded for cycle 7.

3.1.2.7 Transiticn Core Effects

The fuel to be loaded for cycle 7 has IFM grids located in spans between mixing vane
grids in the upper region of the fuel assembly. The resident tuel, both the Standard
and VANTAGE 5H assemblies, does not feature these intermediate grids. The
additional grids . troduce localized flow redistribution from the VANTAGE 5H with IFM
assembly into the Standard and VANTAGE 5H assemblies at axial zones near the IFM
grid positions in a transition core. Between the IFM grids, flow returns to the
VANTAGE 5H with IFM assemblies due to the tendency for velocity equalization in
parallel open channels. This localized flow redistribution actually benefits the Standard
and VANTAGE 5H assemblies. This benefit more than offsets the slight mass flow bias
due to velocity equalization at non-gridded locations. Thus, the analysis for a full core
of these fuel assembly types remains appropriate for that fuel in a transition core.

Transition cores are analyzed as if they were a full core of one assembly type,
VANTAGE 5H with IFM grids in this application. A transition core penalty is then
applied to the thermal-hydraulic design analyses to account the impact of the flow
redistribution. For VANTAGE 5H with IFM grids, the transition core penalty is a
function of the number of VANTAGE 5H with = ~1 grid assemblies present in the core
and is determined using approved methodolcges [12]. The transition core penalty for
Cycle 7 operation has been established at 12.0%. This penalty is included in the
safety analysis limit DNBR such that sufficient margin over the design limit DNBR exists

3-7
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Table 3.1.21

Thermal and Hydraulic Design Parameters - Wolf Creek Generating Station

Thermal and Hydraulic Design Parameters Parameter Values
Reactor Core Heat Output (MW,y,) 3565
Reactor Core Heat Output (108 BTU/HR) 12,165
Heat Generated in Fuel (%) 97 4
Pressurizer Pressure, Nominal (psia) 2250.0
Design Radial Power Distribution* 1.65[1.0 +0.3(1.0 - P)}
DNB Correlations*™ WRB-2
W-3

HFF Nominal Coolant Conditions

Vessel Thermal Design Flow Rate, including bypass, 374,400
(GPM)

Vessel Minimum Measured Flow Rate, including 384,000
bypass, based on 2.5% flow uncertainty (CPM)

Core Flow Rate, excluding bypass, based on Thermal 342,950
Design Flow (GPM)***

Core Flow Rate, excluding bypass, based on MMF and 358,618
best estimate bypass flow (GPM)***

Core Flow Area (ft2) 51.28
Core Inlet Mass Flux, based on TDF (108 Ibm/hr-ft2) 2517
Core Inlet Mass Flux, based on MMF (108 Ibm/hr-ft2) 2632

Nominal Vessel/Core Inlet Temperature (°F) 549.3
Vessel Average Temperature (°F) 581.2
Core Average Temperature (°F) 585.7
Vesse! Outlet Temperature (°F) 613.2
Core Qutlet Temperature (°F) 618.4
Average Temperature Rise in Vesse! (°F) 639

Average Temperature Rise in Core (°F) 69 1

1.65 represent 1.59 plus 4% measurement uncertainty.

o W-3 is used for conditions outside the range of applicability of the WRB-2
correlation or the Statistical Core Design.

oy Design bypass flow, including uncertainty is 8.4% with thimble plugs removed.

Best estimate bypass flow with thimble plugs removed is 6.61%.



Table 3.1.2-1 - Continued

Thermal and Hydraulic Design Parameters

Heat Transfer

Active Heat Transfer Surface (ft2) 59,742
Average Linear Power (kKW/ft) 569
Peak Linear Power for Normal Operation (kWift)* 142
Temperature at Peak Linear Power for Prevention of 4700

Centerline Fuel Melt (°F)

) Based on maximum Fq of 2.5
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fable 3.1.2-2

WRE-2 Qualification Results




.

Variable

OOOUTVDADVSSO

Table 3.1.2-3

Summary of Uncertainties included in SDL

Description Uncertainty
Heat Balance 2.0%
RCS Flow 2.5%
Bypass Flow 1.79%
Pressurizer Pressure 30.0 psia
Temperature Control 485 °F
Radial Peaking - Measurement 5.0%
Hot Channel Factors 3.0%
initial Bundie Spacing 1.5%
WRB-2 Correlation 0.1479 DNBR
VIPRE-01 Code 5.0%
RSM to VIPRE-01 Fit 4.5%
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3.2 LOCAANL .OCA-RELATED EVALUATIONS

A loss-of-coolant accident (LOCA) is the result of a pipe rupture of the reactor coolant
system (RCS) pressure boundary For the analyses reported here, a small break is
defined as a rupture of the RCS piping with a cross-sectional area less than 1.0 f12 in
which the normally operating charging system flow is not sufficient to sustain
pressurizer level and pressure  This event is considered an American Nuclear Society
(ANS) Condition Il event which are faults which may occur very infrequently during the
life of a plant Ami -eak (large break) is defined as a rupture with a total cross-
sectiona area equ. ¢ greater than 1.0 i This event is considered an ANS
Condition IV evert, i imiting fault, in that it is not expected to oceur during the life of
the Wolf Creek Generating Station, bul is postulated as a conservative design basis.

The Acceptance Criteria for the LOCA are described in 10 CFR 50 46 (Reference 1) as
follows

A The calculated peak fuel element clad temperature shall not exceed
2200°F

B, The amount of fuel element cladding that reacts chemically with water or
steam to generate hydrogen, shall not exceed 1% of the total amount of
Zircaloy in the fuel rod cladding

C  The clad temperature transient is t~rminated at a time when the core
geometry is still amenable to cooling The localized cladding oxidation limit
of 17% is not exceeded during or after quenching.

D The core remains amenable to cooling during and after the break.

E  The core temperature is reduced and decay heat is removed fo
extended period of time, as required by the long-lived radioactivity
remaining in the core

The criteria were established to provide a significant margl. .4 emergency core cooling
system (ECCS) performance following a LOCA WASH-1400 (USNRC 1975)
(Reference 2) presents a study in regards to the probability of occurrence of RCS pipe
ruptures
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The LATFORC code represents the downcomer region with a model that 1s consistent
with the model used in the MULTIFLEX blowdown calculation. The downcomer
annulus is subdivided i1  cylindrive. segments, formed by dividing this region into
circumferential and axiar nes  The results of the MULTIFLEX/LATFORC analysis of
the horizorntal forces are typically stored on magnetic tape and are calculated for the
initial 500 msec of the blowdown transient  These forcing functions serve as required
input for the structural groups who utilize it in determining the resultant mechanical
loads on primary equipment and loop supports, vessel internals, and fuel grids.

The FORCEZ program calculates the hydraulic forces which the fluid exerts on the
vessel internals in the vertical direction by utilizing a detailed geometric description of
the vessel components and the transient pressures, mass velocities, and densities
computed by the MULTIFLEX code. The analytical basis for the derivation of the
mathematical equations employed in the FORCEZ2 code is the conservation of linear
momentum (one-dimensional) Note that the computed vertical forces do not include
body forces on the vessel internals, such as deadweight or buoyancy. When the
vertical forces on the reactor pressure vessel internals are calculated, pressure
differential forces, flow stagnation on and unrecoverable orifice losses across, and
friction losses on the individual components are considered These force types are
then summed together, depending upon the significance of each, to yield the total
vertical force acting on a given component

3.233 Results

The new LOCA hydraulic forcing functions generated for the accumulator and
pressurizer surge line breaks for the rerating were used as input to analyses of the
structural integrity of the reactor vessel internals and core components. The evaluation
of structurai integrity for the vessel internals and core components can be found in
Section 351 3 of this report  The LOCA hydraulic forcing functions were significantly
lower in magnitude than those generated previously as input to the dynamic analysis of
Reference 2

3.234 References

1. WCAP-8708 "MULTIFLEX, a FORTRAN-IV Computer Program for Analyzing
Thermal-Hydraulic-Structure System Dynamics," 1977

2 WCAP-9643 "Dynamic Analysis of Reactor Pressure Vessel for Postulated Loss-
of-Coolant Accidents. SNUPPS Projets " 1979
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3.2.4 Hot Leg Switchover to Prevent Boron Precipitation

A calculation of the time to realign the ECCS for hot leg injection to prevent boron
precipitation in the event of a LOCA is performed for inclusion in the Plant Emergency
Operating Procedures. This time is dependent on power level and the RCS, RWST,
and accumulator water masses and boron concentrations. A power level of 1.02 times
3565 MWth was assumed. Further, the RWST Tech Spec maximum boron
concentration of 2700 ppm was assumed for all boron sources. A switchover time of 10
hours was calculated.

At the time of switchover, sufficient ECCS flow must be available to prevent additional
core uncovery. The Westinghouse commitment is that delivered flow will match 1.6
times the calculated boil-off rate at switchover in order to account for possible
entrainment of ECCS flow which does not reach the vessel. This minimum flow has
been determined as 39 Ib/sec. The ability of the ECCS to deliver this flow, in hot leg
injection modea has been verified by WCNOC

3.2.56 Post-LOCA Long Term Cooling - Subcriticality Requirement

The Westinghouse Evaluation Model commitment is that the reactor will remain
shutdown by borated ECCS water residing in the containment sump after a postulated
design basis LOCA. No credit is taken for the control rods since the forces associated
with the large break LOCA may prevent the rods from fully inserting. As such, borated
ECCS water provided by the accumulators and the RWST must have a concentration
that, when mixed with other water sources, will result in the core remaining subcritical
assuming all control rods out. For post-LOCA long-term core cooling, sump boron
concentration is determined by the accumulation of all potential water sources in the
containment based on each respective source boron concentration

The post-LOCA subcriticality requirement is verified on a cycle-specific basis in
accordance with References 1 and 2 as part of the reload process.
3.2.6 References

1 WCAP-9272-P-A, "Westinghouse Reload Safety Evaluation Methodology," July
1985

2. “Design Interface Procedure Between Wolf Creek Nuclear Operating

Corporation and Westinghouse Electric Corporation for Wolf Ceek Generating
Station " September 16, 1991
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The analyses presented in this section address the consequences of the mass and
energy that is released to containment as a result of a design basis LOCA and a design
basis MSLB. The mass and energy release data is subsequently used to verify, via
caiculations, that the containment design pressure is not exceeded in the event of
LOCA or a MSLB. In this manner, the analysis results demonstrate that the
containment integrity has not been compromised. Sections 3.4.1 and 3.4.2 present the
short and long term mass and energy release evaluations, and Section 3.4.3 presents
the results of the containment integrity response calculations following a postulated
LOCA and MSLB.

Bounding initial temperatures and pressures for the containment integrity analyses
were selected to envelope the limiting conditions for operation. In this manner, the
mos! limiting conditions for operation at full power (3579 MWth) were conservatively
chosen

3.41 LOCA Mass and Energy Releases - Short Term
3411 Background

Containment subcompartment analyses are performed to demonstrate the adequacy of
containment internal structures and attachments when subjected to dynamic localized
pressurizaticn effects that occur during the first 3 seconds following a design basis pipe
break accident. Subsequent to the postulated rupture, the pressure builds up at a
faster rate than the overall containment pressure, thus imposing differential pressure
across the walls of the structure.

As part of this evaluation, short term LOCA mass and energy releases, which support
the Bechtel subcompartment analyses are addressed.

3.41.2 Short Term Mass and Energy Release Evaluation

The current short term LOCA mass and energy releases, Reference 1, were generated
with the Westinghouse 1975 M&E release model, Reference 2. Currently, the RCS
loop breaks include the 763 in? double ended cold leg break and the 436 in2 double
ended pump suction break. There is a penaity of increased releases associated with
the rerating if only the RCS initial temperature condition changes are considered.
However, if leak-before-break (LBB) is credited, Reference 3, the RCS loop breaks are
eliminated from consideration, and the smaller RCS nozzie breaks become limiting.
The break sizes associated with the surge line, RHR, and the accumulator nozzles, i.e.,
< 197 in2, are significantly less than the RCS loop breaks. The mass and energy
releases from the smaller RCS nozzie breaks more than offset the initial RCS condition
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penalties associated with the rerating. Therefore, the current M&E releases for the RCS
loop breaks remain bounding for the rerated conditions with LBB for the loop credited.

The mass and energy releases from the surge line break are currently bounding for the
pressurizer compartment. The mass and energy releases from the surge line break are
strongly affected by the initial temperature conditions of the fluid. The short term mass
and energy releases are linked directly to the critical mass flux, which increases with
decreasing temperatures. Since the initial temperatures have decreased for the
rerating, the peak critical mass flux and energy releases will increase by 15% as a
result of the rerating.

3413 Summary

The current short term LOCA mass and energy releases for the RCS loop breaks
remain bounding for the rerated conditions with LBB for the loop credited. For the
surge line break, the peak mass and energy releases will increase by 15% as a result

of the rerating. The short term LOCA mass and energy releases in Reference 1 should
be multiplied by a factor of 1.15

3414 References

1 Wolf Creek Updated Safety Analysis Report

2 WCAP-8312-A, Rev. 2, "Westinghouse Mass and Energy Release Data for
Containment Design," August 1975,

3. NUREG-0881-Suppl. 5

342 Mass and Ene elease Analysis - Long Term

3.4.21 Purpose

This report section presents the long term LOCA mass and energy releases that were
generated in support of the Uprating/T-Hot Reduction Rerating program effort for Wolf
Creek.

3.42.2 Assumptions/initial Conditions

The evaluation model for the long term LOCA mass and energy release calculations
used was the March 1979 model described in Reference 1. This evaluation model has

3-22



been reviewed and approved by the NRC, and has been used in the analysis of other
dry containment plants.

For the long term mass and energy release calculations, operating temperatures for the
highest average coolant temperature case were selected as the bounding analysis
conditions. The modeled power level of 3579 MWith adjusted for calorimetric error
(+2% of power) was the basis in the analysis. The use of higher temperatures is
conservative because the initial fluid energy is based on coolant temperatures which
are at the maximum levels attained in steady state operation. Additionally, an
allowance of +4 85°F is reflected in the temperatures in order to account for instrument
error and deadband. The initial RCS pressure in this analysis is based on a nominal
value of 2250 psia. Also included is an allowance of +50 psia, which accounts for the
uncertair.ty on pressurizer pressure. The selection of 2250 psia as the limiting
pressure is considered to affect the biowdown phase results only since this represents
the initial pressure of the RCS. The RCS rapidly depressurizes from this value until the
point at which it equilibrates with containment pressure.

The rate at which the RCS blo.vs down is initially more severe at the higher RCS
pressure (2250 psia). Additionally the RCS has a higher fluid density at 2250 psia
(assuming a constant temperature) and subsequently has a higher RCS mass available
for release. Thus, 2250 psia initial pressure was selected as the limiting case for the
long term mass and energy release calculations. These assumptions conservatively
maximize the mass and energy in the RCS.

The s~lection of fuel allowance for the lorig term mass and energy calculation and
subsequent LOCA containment integrity calculation is based on the need to
conservatively maximize the core stored energy. The margin in core stored energy was
chosen to be +15%. Thus, the analysis very conservatively accounts for the stored
energy in the core

Margin in RCS volume of 3% (which is composed of 1.6% allowance for thermal
expansion, and 1.4% for uncertainty) is modeled.

Regarding safety injection flow, ine mass and energy calculation considers both
minimum and maximum safety injection flowrates.
3.4.23 LOCA Mass and Energy Release Phases
The LOCA transient is typically divided into four phases:
1.  Blowdown - which includes the period from accident initiation (when the

reactor is at steady state operation) to the time that the RCS pressure
reaches initial equilibrium with containment.
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2. Refill - the period of time when the lower plenum is being filled by
accumulator and safety injection water. At the end of blowdown, a large
amount of water remains in the cold legs, downcomer, and lower pienum to
conservatively consider the refill period for the purpose of containment
mass and energy releases, this water is instantaneously transferred to the
lower plenum along with sufficient accumulator water to completely fill the
lower plenum. This allows an uninterrupted release of mass and energy to
coniainment. Thus, the refill period is conservatively neglected in the mass
and energy release calculation

3. Reflood - begins when the water from the lower plenum enters the core and
ends when the core is completely quenched.

4 Post-Reflood (Froth) - describes the period following the reflood transient.
For the pump suction break, a two-phase mixture exits the core, passes
through the hot legs, and is superheated in the steam generators. After the
broken loop steam generator cools, the break flow becomes two phase.

3.4.24 Break Size and Location

Generic studies have been performed with respect to the effect on the LOCA mass and
energy releases relative to postulated break size. The double ended guillotine break
has been found to be limiting due to larger mass flow rates during the blowdown phase
of the transient. During the reflood and froth phases, the break size has little effect on
the releases.

Three distinct locations in the reactor coolant system loop can be postulated for pipe
rupture.

1. Hot leg (between vessel and steam generator)
2. Cold leg (between pump and vessel)
3. Pump suction (between steam generator and pump)

The break location analyzed and described herein is the double-ended pump suction
guillotine break (10.48 ft2). Pump suction break mass and energy releases have been
calculated for the blowdown, refiood, and post-refiood phases of the LOCA

The following information provides a discussio | on each break location. The double
ended hot leg guillotine has been shown in ~.revious studies to resuit in the highest
blowdown mass and energy release rates. Although the core flooding rate would be
highest for this break location, the amount of energy released from the steam generator
secondary side is minimal because the majority of the fluid which exits the core
bypasses the steam generators in venting to containment. As a result, the reflood
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mass and energy releases are reduced significantly as compared to either the pump
suction or cold leg break locations where the core exit mixture must pass through the
steam generators before venting through the break.

For the hot leg break, there is no reflood peak as determined by generic studies (i.e.,
from the end of the blowdown period the releases would continually decrease).
Therefore the reflood (and subsequent post-reflood) releases are not calculated for a
hot leg break. The mass and energy releases for the hot leg break blowdown phase
have been included in the scope of this containment integrity analysis.

The cold leg break location has also been found in previous studies to be much less
limiting in terms of the overall containment peak pressure. The cold leg blowdown is
faster than that of the pump suction break, and more mass is released into the
containment. However, the core heat transfer is greatly reduced, and this results in a
considerably lower energy release into containment. Studies have determined that the
blowdown transient for the cold leg is, in general, less limiting than that for the pump
suction break. During reflood, the flooding rate is greatly reduced and the energy
release rate into the containment is reduced Therefore, the cold leg break is not
usually performed.

The pump suction break combines the effects of the relatively high core flooding rate,
as in the hot leg break, and the addit'~n of the stored energy ir the steam generators.

As a rasult, the pump suction break yields the highest energy flow rates during the
post-blowdown period by includin j all of the available energy of the Reactor Coolant
System in calculating the releases to containment. This break location has been
determined to be the limiting break for typical dry containment plants. The choice of
this breax location for Wolf Creek as the limiting break is consistent with other dry
containment plants for the post blowdown phase of the event.

In summary then, the analysis of the limiting break location for a dry containment has
been performed and is shown in this report. The double-ended pump suction guiliotine
break has historically been considered to be the limiting break location for the post
blowdown phase of the event, by virtue of its consideration of all energy sources
present in the RCS. The analyses presented in this document support the conclusions
of the double ended pump suction (DEPS) as the limiting break case for the post
blowdown period, considering both the minimum and maxiinum safety injection cases.
This break location provides a mechanism for the release of the available energy in the
Reactor Coolant System, including both the broken and intact loop steam generators.

3425 Application of Single Failure Criteria

An analysis of the effects of the single failure criteria has b«en performed on the mass
and energy release rates for the (DEPS) break. For the DEPS results presented in this
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report, an inherent assumption in the generation of the mass and energy release is that
offsite power is lost. This results in the actuation of the emergency diesel generators,
required to power the safety injection system This is not an issue for the blowdown
period which is limited by the double ended hot leg (DEHL) break.

Two cases have been analyzed for the effects of a single failure. The double ended
pump suction case with both minimum and maximum safety injection for the 3579 MWth
rerated conditions was analyzed. The limiting case for Wolf Creek is the minimum
safeguards case. This was determined by prior generic and specific Wolf Creek
analyses. In the case of minimum safeguards, the single failure postulated to occur is
the loss of an emergency diesel generator.

This results in the loss of one pumped s2“ty injection train and the containment
safeguards components on that diesel, thereby minimizing the safety injection flow.
The analysis further considers the safety injection pump head curves to be degraded
by 10%. This results in the greatest reduction possible for the Emergency Core
Cooling System (ECCS) components For the case analyzing maximum safety
injection, a conservative assumption was made due to the availability of only the diesel
train railure criteria. The maximum safety injection flows were modeled assuming that
the containment analysis is performed when the minimum containment safeguard
components are available. This applies to heat exchangers, fan coolers and the
containment spray system. This assumption would provide a bounding assessment in
maximizing the mass release but minimizing the heat removal capability.

The folicwving items ensure that the mass and energy releases are conservatively
calculated for maximum containment pressure:

1. Maximum expected operating temperature of the reactor coolant system

2. Allowance in temperature for instrument error and dead band (+4.85°F)

w

Margin in valume of 3% (which is composed of 1 6% allowance for thermal
expansion, and 1.4% for uncertainty)

4. Power level of 3579 MWth

5 Allowance for calorimetric error (+2% of power)

6. Conservative coefficients of heat transfer (i e, steam generator
primary/secondary heat transfer and reactor coolant system metal heat
transfer)

7. Allowance in core stored erergy effect of fuel densification

8  Margin in core stored energy (+15%)
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9. Allowznce for RCS pressure uncertainty (+#50 psi)

3426 Blowdown Mass and Energy Release Data

The SATAN-VI code is used for computing the blowdown transie’.  d is the same as
that used for the ECCS calculation in Reference 2. The methoa. ‘or the use of this
model is described in Reference 1

Tables 3.4.2-1 and 3.4.2-2 present the calculated mass and energy releases for the
blowdown phase of the break analyzed for the DEPS and DEHL breaks, respectively.
Break flow time histories from each side of the guillotine break are tabulaied, where
Break Flow Path No. 1 represents the flow from the reactor vessel outlet side of the
break and Break Flow Path No. 2 represents the flow from the reactor vessel inlet side
of the break. The mass and energy release for the double-ended pumo suction break
and the double-ended hot leg break, given in 3 4.2-1 and 3.4 2-2 terminate 22.3 and
25.5 seconds respectively after the initiation of the postulated accident.

3427 Reflood Mass and Energy Release MNata

The WREFLOOD code is used for computing the '<* ood transient, and is a modified
version of that used in the ECCS calculation in Reterence 2. The methodology for the
use of this model 1s described in Reference 1.

An exception to the mass and energy evaluation mode! described in Reference 1 is
taken, in that steam/water mixing in the broken loop has been included in this analysis.
This assumption is justified and is supported by test data, and is summarized as
follows:

The model assumes a complete mixing condition (i.e., thermal equilibrium) for the
steam/water interaction. The complete mixing process, however, is made up of two
distinct physical processes. The first is a two phase interaction with condensation of
steam by cold injection water. The second is a single phase mixing of condensate and
injection water. Since the mass and energy of the steam released is the most important
influence to the containment pressure transient, the steam condensation part of the
mixing process is the only part that need be considered. (Any spillage directly heats
only the sump.)

The most applicable steam/water mixing test data has bee: . reviewed for validation of
the containment integrity reflood steam/watc. mixing model. This data is that
generated in 1/3 scale test (Reference 3), which are the largest scale data available
and thus most closely simulates the flow regimes and gravitational effects that would
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occur in a PWR. These tests were designed specifically to study the steam/water
interaction for PWR reflood conditions

From the entire series of 1/3 scale test, a group corresponds almost directly to
containment integrity reflood conditions The injection flow rates for this group cover all
phases and mixing conditions calculated during the reflood transierit. Tne data from
these tests were reviewed and discussed in detail in Reference 1. For all of these
tests, the data clearly indicates the occurrence of very effective mixing with rapid steam
condensation. The mixing model used in the containment integrity reflood calculation
is therefore wholly supported by the 1/3 scale steam/water mixing data

Additionally, the following justification is also noted. The limiting break for the
containment integrity peak pressure analysis during the post-blowdown phase is the
doubie ended pump suction break For this break, there are two flow paths available in
the RCS by which mass and energy may be released to containment. One is through
the outlet of the steam generator, the other via reverse flow through the reactor coolant
pump. Steam, which is not condensed by ECC injection in the intact RCS loops passes
around the downcomer and through the broken loop cold leg and pump in venting to
containment. This steam also encounters ECC injaction water as it passes through the
broken loop cold leg, complete mixing occurs and a portion of it is condensed. it is this
portion of steam which is condensed that is taken credit for in this analysis. This
assumption is justified based upon the postulated break location, and the actual
physical presence of the ECC injection nozzle A description of the test and test resuits
is contained in References 1 and 3.

The methodology previously discussed and described in Reference 1 has been utilized
and approved on the Dockets for Catawba Units 1 and 2, Indian Point 2 and 3, McGuire
Units 1 and 2, Sequoyah Units 1 and 2, Watts Bar Units 1 and 2, Milistone Unit 3,
Beavar Valley Uit 2, Surry Units 1 and 2, and Vogtle Units 1 and 2.

Tabies 3.4 2-3 and 3 4 2-4 present the calculated mass and energy release for the
reflood phase of the Double-Ended Pump Suction break, with minimum and maximum
safety injection respectively Flow time histories from each side of the Double-Ended
Pump Suction break are tabulated, where Break Flow Path No 1 represents the flow
through the outlet of the steam generator and Break Flow Path No. 2 represents
reverse flow through the reactor coolant pump. A significantly higher mass and energy
release occurs during the period the accumulators are injecting (from 28.9 to 49.9
saconds for minimum and maximum safety injection as illustrated in Table 3.4 2-3 and
342-4)

The transient of the principal parameters during reflood are given in Tables 3 4 2-5 and

3.4.2-5 for the minimum and maximum safety injection double ended pump suction
break cases
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Reactor Coolant System Water

Accumulator Water

Pumped Injection Water

Decay Heat

Core Stored Energy

Reactor Coolant System Metal

Steam Generator Metal

Steam Generator Secondary Energy

Secondary Transfer of Energy (feedwater into and steam out of the steam
generator secondary)
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In the mass and energy release data presented, no Zirc-water reaction heat was
considered because the clad temperature did not rise high enough for the rate of the
Zirc-water reaction heat to be of any significance.

System parameters needed to perform confirmatory analyses are provided in Table
34215

The consideration of the various energy sources in the mass and energy release
analysis provides assurance that all available sources of energy have been included in
this analysis. Thus the review guidelines presented in Standard Review Plan Section
6.2.1.3 have been satisfied.

The mass and energy inventeries are presented at the following times, as appropriate:

Time zero (initial conditions)
End of blowdown time

End of refill time

End of reflood time

Time of full depressurizations
End of analysis

DO LON

The methods and assumptions used to release the various energy sources are given in
Reference 1, except as noted in section 3 4 2 7, which has been approved as a valid
evaluation model by the Nuclear Regulatory Commission
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TABLE 3.4 .2-1

BLOWDOWN MASS AND ENERGY RELEASES
DOUBLE-ENDED PUMP SUCTION

TIME BREAK PATH NO.1 FLOW BREAK PATH NO .2 FLOW
THOUSAND THOUSAND
SECONDS LBMW/SEC BTU/SEC LBM/SEC BTU/SEC
0.0000 00 00 0.0 0.0
0.0501 422740 23548 4 23902 6 13239.3
0.100 423173 236303 22280.5 12386.3
0.250 43583 8 24646 6 24672 4 13735.0
0.450 45254 5 261996 23305 4 13003.9
0.651 447262 26498 4 209497 11703.3
1.00 40236.5 245537 18816.9 106385
1.20 382563.9 236520 18433 5 10333.5
1.90 33325.7 217235 17808 .4 9989.8
220 30653.0 20426 9 17654.6 9911.2
260 26276 6 181003 17104 .3 9616.0
2.80 21962 8 15304.0 16529.9 92989 8
3.80 172063 121987 14625.0 8258.6
420 16670 4 111203 14157 6 80016
§Cx, 14090 4 9964 4 133538 7549 1
550 136163 9514 4 14273.9 8066.1
675 13023.5 9066 4 13531.1 7640.3
7.75 12258.5 856621 130487 73729
8.50 12017.6 8365.5 12628 1 7139.9
8.75 11636 .4 82221 12617 1 7136.3
9.00 10194 4 77602 12350.3 6985.2
9.25 9564 9 7467 .9 122343 6921.4
105 92350 69778 113287 6413.7
1.5 87538 6505 9 10682.5 6046 .4
128 7750.2 5958.5 9862 8 5610.9
13.8 6526.0 55123 9153.8 52251
153 54126 4967 4 8143.1 4665.0
16.0 4859.3 47208 7399.7 4254 1
17.0 40252 42929 6920.6 36326
19.3 1612.2 2022.7 38958 1690.2
19.5 1376.6 1733.7 29403 12103
200 1050.5 13305 2554.0 998.1
205 7959 1009 .8 18426 701.1
213 4856 617.9 12763 5333
22.3 1246 188.2 266.1 2031
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TIME

SECONDS
22.8
237
23.9
240
26.8
27.8
289
29.9
30.8
34.9
36.9
38.9
40.9
429
43 9
47.9
49.9
509
51.9
619
66.1
75.9
87.9
99.9

105.9
113.9
121.9
1299
137.9
145.9
151.9
159.9
167.9
169.9
173.8

REFLOOD MASS AND ENERGY RELEASES
DOUBLE-ENDED PUMP SUCTION - MAX Si

BREAK PATH NO.1 FLOW

LBM/SEC

0.0
0.0
56.3
314
138.3
163.2
528.6
5416
531.4
488.1
468.5
450.5
434 1
419.0
460.6
4359
4245
362.7
380.6
3282
311.5
2829
260.4
2477
2463
247 1
2480
2467
242 4
2347
226.7
2132
186.7
192.0
182 4

TABLE 3424

THOUSAND
BTU/SEC

00
0.0
66.5
371
164.7
193.0
628.2
644 0
631.7
579.8
556 4
534.9
51563
4973
547.0
5174
503.8
4300
451 4
389.0
369.1
335.1
308.3
293.2
2916
2925
2936
2921
286.9
277.8
268.3
252.3
2327
2272
2158
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BREAK PATH NO .2 FLOW
THOUSAND
LBM/SEC BTU/SEC

C.0 0.0
0.0 0.0
0.0 00
00 0.0
00 0.0
0.0 00
4944 .8 716.5
5030.9 751.3
48440 7423
4561.0 698.3
43820 677.3
42151 657.6
40596 639.3
3914.5 6221
43431 650.1
4109.8 621.1
4000.0 607.9
339.1 189.9
346 1 2001
32¢4.2 170.7
317 .4 161.6
305.9 146.2
296.9 134.4
291.9 127.8
293.7 127.4
305 4 1291
323.3 132.0
3440 134.7
366.4 136.9
390.0 1386
408 4 139.7
434 4 141.2
462 6 143.3
4702 143.9
4855 1453




TABLE 34.2-5
PRINCIPAL PARAMETERS DURING REFLOOD
DOUBLE-ENDED PUMP SUCTION - MINIMUM S

TIME FLCODING CARRYOVER CORE DOWNCOMER  FLOW INJECTION
TEMP RATE FRACTION HEIGHT HEIGHT FRACTION TOTAL ACCUMULATOR  SPILL ENTHALPY
SECONDS DEGREEF IN/SEC FT FT {PCUNDS MASS PER SECOND) BTUABM
228 2607 0.00¢ 0000 0.00 0.00 0.250 o 00 00 0.00
235 2556 22122 0000 055 1.70 0.000 83639 83639 00 89.60
237 2514 26295 0000 1.08 165 0.000 8267 1 8267 1 00 8960
248 248 4 2887 0313 1.50 4 66 0.322 7908 9 7908 9 00 89 .60
257 2476 2784 0436 163 7.77 0.345 76726 76726 00 89 60
289 2447 5286 0647 200 16.05 0.609 6404 0 6404 0 0.0 89 60
309 2420 4872 0702 227 16.07 0603 5990 8 5999 8 00 89 60
33.0 2398 4551 0726 2561 16.07 0.598 5699.6 5699 6 00 89 60
383 2361 4068 0748 300 16.07 0.584 5089 1 5089 1 00 89 60
429 2343 3793 0753 3.37 16 07 0571 4668.7 46687 a0 8960
4389 2339 3949 0756 345 1807 0584 5001 6 44828 00 86.64
445 2338 3921 0755 3.50 16.07 0.583 4959 5 44395 00 86.81
459 23286 3692 0757 392 16.07 0572 45853 4057 7 0.0 86 54
509 2325 3667 0758 3.99 16.03 0.586 5343 00 0.0 63.01
51.1 23258 3849 0759 4.00 15.98 0.592 §23.9 00 00 63.01
519 2324 3957 0.75¢9 407 16.76 0.596 5152 00 00 63.01
7.9 2330 3455 0757 451 14.29 0586 5293 0.0 0.0 63.01
65 4 2359 2870 0754 500 12.98 0573 5407 00 00 6301
749 2415 2515 0750 554 11.96 0.554 5500 00 00 63.01
84 4 2481 2197 0748 600 11.45 0535 5556 00 00 63.01
859 2658 1852 0747 6.50 11.27 0518 5594 0.0 00 630
108 5 2828 1803 0747 7.00 11.42 0501 561 4 00 0.0 €3.01
1239 2698 1719 0750 757 1186 0493 562.5 00 00 63.01
136.2 2747 1693 0754 8.00 12,29 0491 $62.7 00 00 63.01
1519 2800 1684 0760 854 12.89 0492 562.7 00 00 63.01
1559 2813 1684 0761 867 13.04 0493 562.7 00 00 63 01
165.8 2842 1685 0765 $.00 13.42 0494 562 6 0.0 0.0 63.01
181.9 288 4 16917 07N 9.53 1405 0.497 562 .4 00 00 63.01
196 8 2918 1698 0777 10.00 14.62 0.500 5622 00 0.0 63.01
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TABLE 3.42-8

POST REFLOOD MASS AND ENERGY RELEASES
DOUBLE-ENDED PUMP SUCTION - MAX S|

TiIME BREAK PATH NO.1 FLOW BREAK PATH NO.2 FLOW
THOUSAND THOUSAND
SECONDS LBM/SEC BTU/SEC LBMW/SEC BTU/SEC

173.9 148.2 184.9 640.6 1711
1839 148.7 185.5 640.1 170.4
228.9 1467 183.1 6421 168.5
243.9 147.3 1838 64156 167.5
258.9 1459 1821 642.8 167.0
273.9 146 .4 182.8 642.3 166.1
3289 1440 1798 6447 163.6
343.9 144 4 180.2 644 4 162.7
368.9 1428 178.2 646 0 161.7
403.9 141.9 1771 646.8 159.8
4239 1421 177.4 646.6 158.6
4489 141.0 176.0 6478 167.5
4639 1414 176.5 647.3 156.5
4739 140.6 176.5 648 2 156.1
508.9 140.7 1756 648.0 158.8
5189 139.8 174.5 6490 158 4
538.9 1402 175.0 648.6 157.0
563.9 139.1 173.6 649.7 155.6
588.9 138.2 1737 6496 153.9
608.9 1383 1726 650.5 152.8
6339 138.5 172.9 650.2 1556
6589 137.6 1717 651.2 154.0
663.9 138.0 172.3 650.7 163.5
773.9 136.0 169.7 6528 149 4
1108.9 136.0 169.7 652 8 149 4
1109.0 907 1121 669.5 2541
11189 906 1119 669.7 2546
12339 88.7 1096 671.5 2514
1346.8 88.7 1096 671.5 2514
1346 9 85.1 97.9 6751 1523
3600.0 66.9 77.0 633 1556
3600.1 55.7 64 0 7046 1348
10000.0 405 466 7198 137.7
100000 0 216 24 9 7386 1413
1000000.0 8.3 10.7 7510 1436
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TABLE 3.4.2-10

MASS BALANCE
DOUBLE-ENDED PUMP SUCTION - MAX Si

TIME (SECONDS) 000 2225 2225 17380 111360 134682 360000
MASS (THOUSAND LEM)

INITIAL iN RCS AND ACC 71199 71199 71189 71198 71199 711.99 1199

ADDED MASS  PUMPED INJECTION 0.00 000 000 10055 83457 101165 272461
TOTAL ADDED 000 000 D00 10055 83457 101165 272461
*** TOTAL AVAILABLE *** 71199 71199 71199 81254 154656 172364 343660

DISTRIBUTION REACTOR COOLANT 50171 4802 6192 12294 12294 12294 122 94
ACCUMULATOR 21028 17223 15832 000 000 0.00 000
TOTAL CONTENTS 71199 22024 22024 12294 12294 12294 12294

EFFLUENT BREAK FLOW D00 43174 49174 67414 140817 158524 329820
ECCS SPILL 000 000 000 0.00 000 0.00 000
TOTAL EFFLUENT 000 49174 49174 67414 140817 158524 329820

** TOTAL ACCOUNTABLE *** 711.95 711.99 71199 79708 1531.11 1708.18 3421.14
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INITIAL

ADDED MASS

DISTRIBUTION

EFFLUENT

TABLE 3.4 2-11

MASS BALANCE

DOUBLE-ENDED HOT LEG GUILLOTINE

TIME (SECONDS)

IN RCS AND ACC
PUMPED INJECTION
TOTAL ADDED

*** TOTAL AVAILABLE ***

REACTOR COOLANT
ACCUMULATOR
TOTAL CCNTENTS
BREAK FLOW

ECCS SPILL

TOTAL EFFLUENT

*** TOTAL ACCOUNTABLE ***
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0.00 25.50
MASS (THOUSAND LBM)
711.99 711.99

0.00 0.00

0.00 0.00
71198 711.99
501 71 99.02
210.28 130.78
71189 229.80

0.00 48218

000 0.00

0.G0 482.18
711.99 711.99

25.50
711.89
0.00
0.00

711,99

112.82
116.88
22980
482 18

0.00
48218
711.99






TABLE 34 2-13

ENERGY BALANCE: DOUBLE-ENDED PUMP SUCTION - MAX Sl

TiIME {(SECONDS) 000 2225 2225 17380 111390 1346 82 3600 00
ENERGY (MILLION BTU)
INITIAL IN RCS/ACCIS GEN 883 61 883 61 88361 88361 88361 883 &1 883 61
ADDED ENERGY PUMPED INJECTION .00 000 0.00 634 7754 11180 439 42
DECAY HEAT 200 849 845 277 108 82 126 93 262 91
HEAT FROM SECONDARY 000 -1 -4.71 171 om 024 02¢
TOTAL ADDED c 0o 678 6.78 32 34 187 87 23868 702 58
*** TOTAL AVAILABLE ** 883 61 8390 40 890 40 91595 107148 112259 1586.19
DISTRIBUTION REACTOR COOLANT 30221 15.12 16.36 3564 3564 3564 3564
ACCUMULATOR iB 82 15.41 14 17 000 00e coo 0.00
CORE STORED 27 84 1340 1340 509 49 476 333
PRIMARY METAL 15198 144 91 14491 11796 7386 6728 47 69
SECONDARY METAL 116 83 11648 11648 106 12 &8 11 6024 4295
STEAM GENERATOR 265 94 27152 27152 24258 1474 13001 9213
TOTAL CONTENTS B83 61 57684 57684 50739 329.93 297 92 2174
EFFLUENT BREAK FLOW 000 31357 31387 /644 72943 812 54 135233
ECCS SPILL 0.00 000 0.00 ceo 000 000 0.00
TOTAL EFFLUENT 000 31357 31357 39644 72643 81254 135233

“** TOTAL ACCOUNTABLE 88361 89041 89041 90383 15936 111046 1574 06
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3.4.3 Containment Response Following a LOCA and MSLB
CONTAINMENT INTEGRITY ANALYSES

The containment structure is designed to withstand a limited internal pressure. To
ensure containment integrity, the analyses are performed to demonstrate that the
containment design pressure is not exceeded should a LOCA or a secondary system
pipe rupture inside containment occur during plant operation. In addition, primary or
secondary pipe ruptures occurring inside a reactor containment structure may result in
significant releases of high energy fiuid to the containment environment, which could
result in high containment temperature and pressure conditions. The high temperature
and pressure can result in a failure of any equipment which is not qualified to perform
its function in an adverse environment. This could degrade the effectiveness of the
protection system in mitigating the consequences of the event. Thus, it is necessary to
demonstrate that the conditions that can exist inside the containment during a pipe
rupture do not violate the existing environmental qualification envelopes. The analysis
also provides a basis for the containment integrated leak rate test (ILRT) pressure to
ensure that the radiation doses will be limited to within the dose guideline values of 10
CFR Part 100 during accident conditions

This section presents the results of the containment integrity analysis that are
performed to assess the impact of power re-rate program on the containment response
to a postulated LOCA or main steam line break (MSLB) accident. The containment
pressure and temperature response o these postulated pipe breaks was calculated
using CONTEMPT-LT/28 digital computer code [Ref 1] Applications of the
CONTEMPT-LT/28 for the calcuiation of the containment environmental response to a
postulated primary or secondary pipe break has been accepted by the NRC staff [Ref
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2]. The analyses were performed in accordance with the criteria specified in the
Standard Review Plan (SRP) Section 6 2 1.1 A to meet the relevant requirements of the
regulations.

3.4.31 Containment Integrity Analysis For a Postulated LOCA

The long term LOCA mass and energy releases that support the current licensing basis
containment integrity analyses were generated with the Westinghouse 1975 M&E
release model [Ref 3) and were already based upon an NSSS power of 3579 MWL. To
ensure that the containment pressure and temperature responses following a
postulated LOCA at rerated power conditions will be enveloped by that of the current
licensing basis, the M&E releases are re-generated using the Westinghouse 1979 M&E
release mode! [Ref 4] This newer mode! incorporates improved thermal-hydraulic
models which are the result of advances that occurred during the 1970's as a result of
Emergency Core cooling research programs. The results of the long term M&E release
analysis which are presented in Section 3 4.2 are input to the containment integrity
analyses to confirm the integrity and operability of the primary containment structures
and equipment necessary 10 mitigate the consequences of the postulated accidents.

Analyses were performed for a spectrum of possible pipe break sizes and locations at
rerated conditions to assure that the worst case has been identified. Three limiting
pipe breaks cases, namely, double ended pump suction guillotine (DEPS) break with
minimum and maximum safety injection and double ended hot leg guiilotine (DEHL)
break are postulated in the analyses. The pressure and temperature profiles resuiting
from these three limiting pipe breaks can be seen in Figures 3.4.3-1 10 3.4.3-6. The
peak calculated containment pressure and temperature are summarized in Table 3.4.3-
1.

The results of the centainment integrity analyses that utilize the revised M&E releases
generated at rerated conditions show that the peak calculated containment pressure
following a postulated LOCA is less limiting than the peak containment pressure
calcuiated in the current WCGS licensing basis analyses and is well below the design
pressure of 60 psig As in the current licensing basis analysis, the containment
pressure is reduced significantly below 50% of the peak calculated pressure for the
design basis LOCA within 24 hours after the postulated accident The LOCA
containment temperature response remains bounded by the MSLB analyses and (he
predicted peak pressure remains conservative with respect to the specified ILRT test
pressure of 48 psig

3432 Containment Integrity Analysis For a Postulated MSLB

The steam releases following a steamline rupture are dependent upon many possible
configurations of the plant steam systems and containment design as weli as the plant
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3433 Conclusion

The containment response to a postulated LOCA or MSLB accident at rerated power
conditions has been anaiyzed. The analysis results confirm that the power rerate
program would not adversely impact the containment pressure and temperature
response to a postulated LOCA or MSLB accident and that relevant design limits
continue to be satisfied.
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TABLE 3.4.3-1

CONTAINMENT PEAK PRESSURE AND TEMPERATURE FOLLOWING A
POSTULATED LOCA AT RERATED CONDITIONS

LOCA Case Pmax (Psig) @ t (sec) Tmax (°F) @ t (sec)

DEPS W/ Min SI 439 700 265.5 700

DEPS W/ Max S! 410 20 2618 20

DE Hot Leg Guillotine 426 19 2649 19

WCGS Licensing Basis 47 3 140 306.1 60
TABLE 3 4.3-2

CONTAINMENT PEAK PRESSURE AND TEMPERATURE FOLLOWING A
POSTULATED MSLB AT RERATED CONDITIONS

MSLB Case Pmax (Psig) @ t (sec) Tmax (°F) @ t (sec)
Full DEB 44 3 1800 3836 107
0.6 ft2 DEB 399 1800 383.8 260
0.8 ft2 Split 450 1800 376.7 169
Full DEB/Failed MSIV 350 195 3816 95

WCGS Licensing Basis 48 9 1800 386.5 125
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FIGURE 3.4.3-2
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FIGURE 3.4.3-3
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FIGURE 3.4.3-5
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FIGURE 3.4.3-6
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FIGURE 3.4.3-10
CONTAINMENT TEMPERATURE RESPONSE TO
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3.5 RCS COMPONENTS AND FLUID SYSTEMS EVALUATION

This section addresses the mechanical effects of the rerating on the primary
components of the Reactor Coolant System, the Engineered Safeguards Systems, and
the Auxiliary Cooling Systems.

ASME Boiler and Pressure Vessel Code, Section Ill, in accordance with 10 CFR Part
50, Section 55a, provides criteria for evaluation of the stress limits in components for
design, normal operation, and postulated accident conditions. Any change in operating
parameters has been evaluated for changes in component operating and postulated
accident conditions

3.51 actor Coola t n nnected C

3511 Steam Generators

Structural Considerations

Structural evaluations of the critical components of the Mode! F steam generators were
performed to determine the acceptability of operating at the 3579 MWih rerated
cenditions. The evaluations were performed according to the requirements of the
ASME B&PV Code, Section Ill, 1971 to 1973 Editions. The critical components
considered were the tubesheet and sheli junction; the divider plate, the steam
generator tubes, the tube/tubesheet weld, the nozzles, and the shell including the
secondary manway. In the evaluations, two sets of transient parameters were
considered, a high and a low T-HOT temperature. It is determined that the enveloping
conditions are due to the low T-HOT temperature and a peak plugging level of 10%.
These factors cause a significarit reduction in the secondary side pressure, which
results in a higher pressure differential across the primary to secondary boundary.

After reviewing both sets of transient parameters for the rerated conditions, the
enveloping parameters (low T-HOT temperature) were used in the evaluation. The
upper shell components are unaffected by variations in T-HOT and T-COLD. The
primary side components, however, are affected by the variations in T-HOT, T-COLD
and primary to secondary side pressure difference. The PCWG parameters (Table 2-1)
and transient parameters used are assumed to be applicable for power levels of up i0
3579 MWth. The evaluations consider the effects of plugging levels of up to 10%. As
indicated above the applicable criteric used are from the 1971 to 1973 Editions of the
ASME Code.

Discussion of Evaluations
The evaluations were based on the results of previous structural analyses of Mode! F

steam generators. The stresses of the original analyses were scaled by the primary to
secondary side pressure difference ratios (for the secondary side, steam pressure only)
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to determine the corresponding stresses at the rerated conditions. The temperature
effects are factored into the fatigue evaluations through transient steam pressure
changes.

The high T-HOT temperature conditions are close to the originally analyzed transient
conditions used in the reference analyses, and therefore the resulting fatigue usages
would show only slight variations from the current conditions. The reduced T-HOT
temperature cenditions, however, would result in increased stresses and fatigue
usages. This is the result of the lower steam pressure during normal operation. For
the secondary side components, although the lower pressure reduces the
corresponding stresses at normal operation, it results in a higher stress range when
cycling between full power and hot shutdown, because hot shutdown steam pressure is
the same for both the current and rerated conditions.

Lower Shell Components

For the tubesheet evaluation, three highly stressed locations, the tubesheet center, the
tubesheet and shell junction, and the tubesheet/channelhead junction were considered.
The results of the evaluation showed that the maximum stress intensities calculated at
these locations remain within the allowable limits for all conditions analyzed. The
fatigue usage factors are also acceptable. The divider plate/tubesheet junction was
analyzed for fatigue usage based on an elastic-plastic stress analysis. The fatigue
usage at the junction was found to be acceptabie.

For the sieam generator tubes, it was determined that the maximum stresses for the
critical loading conditions for the rerated case are close to these for the 100% power
case. In both cases, the fatigue usage factors remain acceptable. The minimum
acceptable tube wali thickness for the new pressure conditions was determined to be
0.016 inch using Regulatory Guide 1,121 ("Basis for Plugging Degraded PWR Steam
Generator Tubes") guidelines. This compares to a minimum acceptable wall thickness
of 0.014 inch for current conditions. The difference resulting from rerating is judged to
have no effect on Technical Specification plugging criteria

Upper Shell Components

The rerating fatigue evaluation of tr.e upper shell considered the main and auxiliary
feedwater nozzles, the secondary manway, and the steam nozzle components. These
components, per the original analysis, are the limiting structural members for the upper
shell region. For each component, the rerating fatigue analysis was performed utilizing
the currently existing analysis of the components, scaling the stresses, and then
updating the fatigue calculations if necessary. The primary stresses and maximum
stress ranges were not increased by the rerating conditions because the steam
pressure decrea:sas.
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In general, the impact of the rerating on the upper shell is due to the variatian in steam
pressure and temperature. The main feedwater temperature for all transient conditions
is not significantly affected. The steam nozzle and manway bolts are the limiting parts
and are expected to experience the maximum usage.

A summary of the resulting fatigue usages show that the ASME Code fatigue limit of 1.0
to be satisfied in all cases except for the manway bolts. The bolts were qualified for 20
year replacement. The rerate evaluatior shows that in 15.8 years the bolts accumulate
a usage of 1.0. Note that the steam nozzle appears to be slightly affected by the
rerating. This is due to the conservative manner in which the load/unload cycles are
considered in the analysis.

Conclusions

In conclusion, the current components of the steam generators are found to ramain in
compliance with the requirements of the ASME B&PV Code, Section lil, for the rerated
operating conditions. The secondary bolt replacement interval, howevar, is required to
be decreased from 20 years to 15.8 years.

Additional evaluations were performed regarding the bolt replacement interval. If
WCGS is operated with a 5°F T-HOT reduction (instead of 15°F T-HOT), then the
recommended bolt replacement interval is 18 years.

hermal-Hydrauli nsideration

A steam generator thermal-hydraulic evaluation of the Wolf Creek steam generators
has been completed. Operating characteristics of the steam generator at the rerated
conditions were caiculated. Attention was focused on secondary side parameters. The
calculated parameters are compared to the values for the same parameters at the
current design conditions. Where appropriate, the parameter values are compared to
other existing field expe. .ence. Moisture separator performance is not included since
an evaluation covering the rerated conditions was provided previous to the rerating
program.

The following three operating conditions were evaluated. The latter two are compared
with the current design conditions:

Current Design Conditions (100% power, no plugging)

- Uprated (104.5%) power, 10% plugging
- Uprated (104.5%) power, 15°F T-HOT reduction, 10% plugging
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Operating Characteristics

Several secondary side operating characteristics can be used to assess the
acceptability of steam yenerator operation at the rerated conditions. These parameters
inciude circulation ratio, a measure of hydrodynamic stabiiity, secondary mass, peak
heat flux, and secondary side pressure drop.

The circulation ratio is a measure of liquid flow in the tube bundle in relation to the
steam flow. It is primarily a function of power The c.rculation ratio decreases by a
maximum of about 10% for the reduced T-HOT condition. Since the steam flow also
increases with power, the bundle liquid flow decreases by only about 8% at the same
condition. The bundle liquid flow minimizes the accumulation of contaminants on the
tubesheet and in the bundle, The uprating and plugging, therefore, have no material
effect on this function

The hydrodynamic stability of a steam generator is characterized by the damping
factor. A negative value indicates a stable unit. That is, small perturbations of steam
pressure or circulation ratio will die out rather than grow in amplitude. Damping factors
are seen to remain negative at about the same level as current design. Therefore, at
the rerated conditions the steam generators continue to be hydrodynamically stable.

The reduced steam prassure which results from plugging, and to a lesser degree the
uprating, causes sma, reductions (3-7%) in steam generator mass. This results from
the reduced steam pressure which in turn brings about an increased void fraction in the
tube bundle. These small changes in secondary mass are not considered significant.

The value of peak heat flux shows the expected increase with power and tube plugging.
For uprating, the increased total heat load is passed through the same bundle heat
transfer area, thereby increasing the heat flux. For increased plugging, the same heat
load is passed through a smaller heat transfer area, also increasing the heat flux. The
maximum calculated heat flux is well within nucleate boiling limits and is also close to
values for steam generators currently operating in the field.

The maximum increase in total seconaary side pressure drop, 4 psi, for the steam
generator is very small in relation to the total feed system pressure drop. This will have
no significant effect on the feed system operation.

Conclusions

The thermal-hydraulic operating characteristics of the steam generators currently
installed at Wolf Creek are within acceptable ranges for all rerating conditions.
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U-Bend Wear Evaluation

The purpose of this evaluation is to develop estimates for the increased wear at the
anti-vibration bar (AVB) intersections which could result from the implementation of the
rerated conditions for Wolf Creek. The evaluation performed shows that a modest
number of tubes (<10 tubes per steam generator) might be affected following long term
operaticn at the rerated conditions

Projection of Wear Rates

Tubes in the U-bend region of steam generator lube bundles have shown some degree
of wear at the intersections with the AVBs. Rather than corrosion, AVB indications
have been confirmed as wear based on examination of pulled tubes and AVB
segments. The mechanism of wear is demonstrated to be fluidelastic vibration. The
alternative wear mechanism, excitation by turbulence, could not account for the degree
and rate of wear.

Fluidelastic stability is expressed as a ratio of the applied velocity to the critical velocity
for instability. When this ratio equals or exceeds 1.0, the tube is considered
fluidelastically unstable and subject to vibration.

Other than fluid conditions, the principal variable affecting fluidelastic vibration is the
tube natural frequency. Tube natural frequency is primarily governea by the length of
unsupported spans. Longer unsupported spans lead to lower natural frequencies and
higher stability ratios. Large radius U-bends have a lower natural frequency than a
small radius U-bend with identical support conditions (the same number of active
AVBs) Similarly, the same tube supported by less AVBs will have !onger unsupported
spans yielding a lower natural frequency and higher stability ratio.

U-bends in the Model F have three anti-vibration bars. Large radius U-bends have six
tube/AVB intersections and possible tube support locations. Evaluations have shown
that there is a low but finite probability that one of these support locations is inactive
The probability of adjacent inactive supports is even smaller. Furthe:, the smaller
radius U-bends can be fluidelastically stable with one or more inactive AVB support
locations. As a result of these factors, only a small population of tubes in the bundie is
susceptible to fluidelastic vibration.

Tube wear at the AVB intersections first appears in the large radius U-bends with the
highest number of unsupported intersections. These tubes have the highest stability
ratios. Subsequently, wear appears in the tubes which are more stable, but still
unstable with respect to fluid elastic vibration. These tuoes are inner radius U-bends or
those which have better support than the tubes which first display wear.
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The projection curve for the incidence of tubes with AVB wear and for tubes plugged
due to AVB wear s principally based on field experience for the Mudel 51 steam
generator and analyses for various support probabilities with associaled wear rates.
AVB wear and plugging for these units has been tracked for more than 15 years. The
plugging curve developed represents an envelope of the plant averaged plugging per
steam generator. While it is possible that a single steam generator will exceed the
curve, the plant average plugging experience ‘o date has been bounded by the curve.

Model F Projected Wear

The Model F AVB plugging curve was specifically derived by considering the
comparative onset of AVB wear between the Model F and the Model 51, and the
relative rate of incidence of AVB wear between the two steam generator models The
Model F exhibited AVB wear earlier in operation and at @ more pronounced incidence
than the Model 51 The projected curve for the Model F was derived by adjusting the
Model 51 projection curve based on the early Model F wear data as Lupported by the
analysis models. With the exception of a single plant, which has bean shown to be
unique due to a manufacturing anomaly, all current operating experience for the Model
F AVB wear is enveloped by the projection curve developed for the Model F.

Estimated Increase in Wear for Rerated Conditions:

To estimate the change in projected tube plugging which could occur as a result of a
change in operating conditions, a three step approach is used.

1. Determine the change in stability of any tube given the change in operating
conditions. That is, calculate a stability ratio for rerated conditions relative
to current design conditions

2. Using a probabilistic approach, estimate the proportion of tubes in any
bundle which will become unstable as a result of this relative stability ratio,

3 Using field data for the distribution of wear as a function of time, calculate
the increased number of tubes subject to wear.

For the U-bend region of a given tube bundle, the change in stability of a tube with
respect to fluid elastic vibration oceurs only due to changes in fluid flow parameters. A
one dimensional technique is used to determine the stability ratio of a tube at the

re -ated conditions under consideration relative to the stability ratio at the current design
conditions. The ratio is a function of tube natural frequency. The increased power and
reduced steam pressure cause the increases in relative stability ratio.
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In order 1o determine the number of tubes which could’ affected by wear at the
rerated conditions but would not have been affected @ curent design conditions a
probabilistic approach is used. A Monte Carlo study was first used to determine the
relative occurrence of a range of AVB support conditions expected in the U-bend
region Then a finite element structural analysis was used to determine the tube
stability and natural frequency at current design conditions for each occurring AVB
support condition. Seven different row groups were used to characterize the Model F
bundie

Coupling the latter result with the relative stability ratios permits calculation of the
proportion of tubes in each row group which are stable at current operating conditions
but which become unstable at either of the rerated conditions. Field data it then used
to determine the percentage of total tubes wearing which is occurring in each row
group at different times  This permits calculation of the total expected increase in tubes
with wear which will result from changing to the rerated conditions. The calculation is
performed for the several times during operation of the plant for which data are
available

The above calculation was used o define a new projected r'ugging curve based on the
curve at current conditions. The new projection curves show an 8% and 15% increase
in plugging, respectively, for uprating and uprating with T-HOT reduction. At uprated
conditions with T-HOT reduction, this means that up to 8 additional tubes per steam
generator could be affected by wear for long term operation.

Conciusion

The bounding condition for Rerating/T-HOT Reduction of the Wolf Creek Nuclear Plant
shows a modest potential for an increase in the maximum number of tubes (about 8
tubes per steam generator) which could be affected by long term, continuous operation
at the rerated conditions. The rerating, therefore, is expected {o have no significant
consequences on tube plugging due to wear in the U-bend region at the AVB
intersections.

Steam G S B

The following Is an assessme-  of the proposed changes on the corrosion propensity of
the Wolf Creek steam generators
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where A is a coefficient comprised of a number of environmental factors pertinent to the
mechanism of the reaction, R is a constant equal to approximately 2 cal/mole deg., T is
temperature in deg K and Q (s the activation energy in cal/mol. The impact of a
temperature change on the rate of a corrosion react.on depends on the value of Q, the
activation energy.  For purposes of this study, Q was assumed to be 33 kcal per mole
for secondary side SCC and 45 kcal per mole for PWSCC. The overall effect of
absolute temperature is incorporated into the corrosion algorithm via a term that
includes the Arrhenius equation

Chemical Concentration

The concentration of a particular corrosive environment s another important factor that
is incorporated into the corrosion algorithm. For secondary side corrosion issues, the
concentration of a corrosive solution in a flow restricted region is a function of the
"available superheat " Superheat is the difference in temperature between the primary
fluid and T-SAT at a particular elevation in the tube bundle Superheat provides the
driving force for chemical concentration in crevice regions. A non-volatile contaminant
species will concentrate at the liquid-vapor transition region by boiling and evaporation.
The solution formed will have a boiling point elevation resulting from dissolved salts
which is numerically equal to the local "available superheat" Generally speaking the
greater the "available superheat " the higher is the chemical concentration in the flow
restricted region and the higher is the corrosion rate. This effect is incorporated, at
least partially, into the algorithm via the coef‘icient A of the Arrhenius equation.

As an example of the effect that the "available superheat" term can have, laboratory
denting rates have been observed to double with an approximately 7°F increase in
superheat

Stress

Stress on the outside diameter of heat transfer tubing is @ function of many parameters.
But when T-HOT is changed and there is a resulting change in the differential pressure
across the steam generator tube wall, one must consider the impact of this change on
hoop stresses. Thermal stresses may also change slightly, but the changes are
negligible relative to their effect on corrosion

The influence of hoop stress changes on the rate of secondary side initiated stress
corrosion cracking can be significant since stress is a component of the coefficient A in
the Arrhenius equation and the dependency of SCC on stress is thought to be a
function of stress to the second power. Thus, when T-HOT and T-SAT are reduced but
the primary pressure remains constant there is an increase in the differential pressure
across the tube wall which results in an increase in hoop stress and increased O.D.
cracking propensity. The hoop stress variations that result when the differential
pressure (primary-secondary) is changed can be calculated from the equation:
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contribution to all forms of corrosion covered by the algorithm However, the magnitude
of the net effect will ditfer due to differences in activation energy for the corrosion
processes and may be further modified by superheat and hoop stress considerations.

Beta factors are additive  The data shows that when referenced to the current
conditions ‘“ase 1) all cases considered in this study result in modest increases (3 to
11%) in the propensity for secondary side corrosion. Although the uprated case
without T-HOT reduction (Case 3) results in a 9% increase in the propensity for all
forms of corrosion, the uprated case with T-HOT reduction (Case 2) results in a 7%
decrease in the propensity and the uprated case with 2 5°F T-HOT reduction (Case 4)
is essentially unchanged for all forms of corrosion. Although the propensity for denting
corrosion in these cases is much higher, denting provides the smallest contribution to
the total of all corrosion processec in inis study, onily 6% at maximum,

The results show that for trie range of conditions evaluated in this program there is
essentially no difference in the propensity for pitting. The marginally lower beta factors
for Cases 2 and 4 are principally due to lower temperatures and suggest only a slight
temperature dependence of pitting

As already stated, increases in temperature and hoop stress will increase the rate of
ODSCC. In comparing the operating parameters, it is clear that the increased
temperature and differential pressure across the tube wall in Case 3 (Uprate without T-
HOT reduction) results in @ 12% increase in the relative rate of ODSCC when
compared to Case 1 (current parameters). Case 2 (Uprate with 15° T-HOT reduction)
compared to the current operating condition results in a relative rate for ODSCC of 95%
of the Case 1 value. In Case 2 the net effect of the two opposing factors, decreasing
temperature and increasing tube wall differential pressure, results in a net reduction in
ODSCC corrosion propensity. The increase in hoop stress offsets some of the benefit
that would be achieved by the temperature reduction alone. In Case 4, tomperature
again decreases and differential pressure increases. But in this instance, the
differential pressure effect is greater than the temperature effect and results in a 2%
increase in the propensity for ODSCC and a 4% increase in propensity for all forme of
secondary corrosion. A higher corrosion propensity alone does not mean that ODSCC
will oceur in the Wolf Creek steam generators. The results simply mean that if an
appropriate crevice chemistry is preduced during operation, the rate at which OCSCC
will progress will be greater for that case.

The analysis for PWSCC shows that uprating without T-HOT reduction (Case 3) results
in @ 4% increase in the propensity for PWSCC and that uprating with concurrent T-HOT
reduction can result in a 35% (Cese 2) or 22% (Case 4) reduction in PWSCC
propensity relative to current operating conditions. The much greater benefit of T-HOT
reduction for PWSCC versus ODSCC is due to the higher activation energy (stronger
dependence on temperature change) and the lack of a strong dependence on hoop
stress for PWSCC.
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For denting, the controlling factor in determining the relative corrosion rates is available
crevice superheat (difference between primary and secondary temperatures). An
analysis of algorithm output shows that, in all cases, using the current conditions as a
reference point, a large increase in the propensity for denting is predicted. This
interpretation is questionable in that the superheat dependence of carbon steel

corrosion has been extended to 405 stainless steel. In fact, in all Westinghouse
laboratory testing of 405S8S, both isothermal and with heat transfer, no evidence of
accelerated growth of magnetite has been observed, even in environments known to be
aggressive denting environments for carbon steel. (Accelerated growth of magnetite,
where the volume of magnetite produced is greater than the volume of the base metal
consumed, is required to produce denting). Corrosion of the stainless steel can occur
in these aggressive environments but denting has not resulted This is not to say that
denting can not occur in steam generators with 40588 supports. Based on our current
knowledge, however, we know of no crevice chemical environment which is expected to
produce it

The anticipated benefits or detriments due to operating Wolf Creek at the conditions
discussed previously do not reflect the full impact of secondary chemistry on the
individual corrosion process. The benefits achieved by operating at a reduced T-HOT
value may be rapidly eliminated if a chemical environment conducive to acceleration of
any of the secondary corrosion processes forms in superheated crevices. Likewise,
oparation with any set of conditions which increases the propensity for secondary side
corrosion requires establishment and maintenance of an appropriate crevice chemistry
before corrosion will oceur,

Zeum is an algorithm-generated parameter which is derived from beta factors, the
knowledge of how secondary chemistry affects various corrosion processes, and
specific plant chemistry conditions. It provides a cumulative "ievel of concern” (Zcum)
for secondary side corrosion as a function of time. To be explicit for Wolf Creek, actual
Wolf Creek secondary chemistry parameters would have to be entered. Since the
effort required to provide that plant specificity is clearly beyond the scope of this
program, some level of chemistry control must be assumed. Two cases are considered
here: (1) operation at the EPRI secondary chemistry guideline limits, and (2) operation
at 25% of the EPRI limits.

Even though terms like "“level of concern" are nonquantifiable with respect to
measurable steam generator materials corrosion they provide a mechanism for making
decisions relating to cost-benefit on changing operating conditions. The cost of
changing operating conditions may be weighed against delaying potential cerrosion
related repairs, increasing availability and exiending years of service.

This may be illustrated by using the plots in these two figures to determine the time
required to reach the same "level of concern" for a!l forms of secondary side corrosion
considered in the algorithm. The results clearly show the benefit that chemistry
improvements and maintenance of chemistry at ALARA values can have on slowing
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secondary side corrosion. However, since the effects of chemistry are cunwiative,
once corrosion has initiated, chemistry improvements cannot reverse or lower the "level
of concern." Similarly short duration excursions where chemistry parameters are
elevated can become significant contributing factors to achieving levels of concern for
secondary corrosion much earlier than would be expected based on "normal or
average" chemistry control levels

Conclusions

1

s ]

The propensity for corrosion of the Wolf Creek steam generators, as
represented by beta factor values generated in this evaluation, are much lower
than corresponding beta factor values for earlier steam generator designs
operated at comparable conditions. A Model 51 steam generator comparably
operated would have an ODSCC beta factor 5 to 10 times larger, a pitting beta
factor 6 to 8 times as high, and denting and PWSCC beta factors more than two
orders of magnitude higher. The lower corrosion propensities for Wolf Creek
steam generators are due to use of more corrosion resistant materials and
inccrporation of corrosion limiting features in their design and fabrication.

Because steam generator corrosion phenomena are thermally activated
processes, the higher T-HOT value associated with uprating without T-HOT
reduction (Case 3) increases the relative corrosion propensity for ai forms of
steam generator corrosion except pitting. Operation at conditions covered by
this case results in @ 9 and 11% increase in secondary side and total corrosion
propensity. Individual corrosion propensity increases of 4% for PWSCC, 12%
for ODSCC and a large increase for denting resuits from these operational
changes. Although the increase in the calculated relative propensity for denting
is large, the contribution of denting to the total corrosion propensity is relatively
small, amounting to less than 6%.

For the two cases where uprating is combined with a reduction of T-HOT, the
results, compared to the current operating condition, are a 7% decrease in
corrosion propensity for all forms of corrosion and a 3% increase in secondary
side corrosion (Case 2), and a 4% increase in secondary corrosion propensity
with no change in total corresion propensity (Case 4). For each form of
corrosion individually, pitting propensity remains essentially unchanged,
PWSCC is lower by 22 to 35%, denting is higher, and ODSCC is lower by up to
6% in one case and 2% higher in the other.

Simply because secondary side corrosion propensities increase or decrease
does not mean that secondary corrosion will or will not occur. Regardless of the
calculated relative corrosion propensity before any corrosion will occur a
susceptible material must be subjected to an environment which will promote
corrosion. Many of the benefits associated with operational changes to
decrease corresion propensity can rapidly be negated by changes in chemical
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538.2°F up to 558.8°F. Such operation riay continue for the remainder of the plant
license.

An evaluation of the impact of rerating on reactor vessel integrity was performed for
Wolf Creek. Neutron filuence changes and other relevar! system parameters
associated with rerating were considered in the evaluation. Raview of the applicability
of the current heatup and coocldown curves previously generated by Westinghouse
indicate that these curves were generated in accordance with the irradiation
embrittiement prediction of Regulatory Cuide 1.99, Revision 2 (Draft). Based on a
comparison of RTN(,T values of limiting belt line region materials at 1/4T and 3/4T
locations of the vessel, it is concluded that the applicability dates of heatup and
cooldown curves will not be impacted due to the implementation of the rerating
program.

The Wolf Creek roactor vessel beltline region material propertias were confirmed
against the latest available information. The properties defined from the latest
information are consistent with those used in prior Wolf Creek submittals to the NRC
relative to complying with the requirements of the PTS Rule.

Revised PTS analyses were performed for the rerating using the latest procedure
specified by the NRC in the PTS Rule and the calculated neutron fluence values for the
rerated conditions for Wolf Creek

Material chemistry (Cu, Ni content) and unirradiated properties for the Wolf Creek
reactor vessel indicates an end of life (32 Effective Full Power Years) RTpTg of less
than 140°F which is well below the PTS screening criteria (270°F for plates, forgings
and longitudinal welds; 300°F for circumferential welds). Therefore, the rerating
program for Wolf Creek has no significant adverse impact on the RTpTg evaluation.

For Wolf Creek, the RTpTg values of the limiting plate materials are well below the
Emergency Response Guidelines criteria. Hence, there will not be any re.isions to the
Emergency Response Guidelines due to the rerating program.

Surveillance capsule withdrawal schedules have been evaluated for the uprated

condition. It has been determined that there will not be any change in the surveillance
capsule withdrawal schedule for the Wolf Creek.

3.5.1.3 Reactor Vessel Internals
An evaluation and analysis was performed to investigate the impact of NSSS power

rerating on Wolf Creek reactor internals. In order to assess the impact of the plant
operating modifications, the followina specific analyses were performed.
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A review of the rerated transients confirmed that they remain bounded by the analyzeu
transients of the Wolf Creek specific design report and hence the original analysis
remains applicable.

Therefore, the pressure boundary components of the Wolf Creek Model 93A-1 Reactor
Coolant Pump continue to comply with the Westinghouse and industry codes and
standards which were originally applicable when Wolf Creek was initially licensed.

Based on the rerating parameters, revised loads for the Wolf Creek RCP Moiors were
determined for each of the three design criteria cited below. The revised loads were
then incorporated into the analysis that confirmed the ability of the RCP Motors for:

1 Continuous operation at the new hot loop load (7092 HP). The new hot loop
load point exceeds the nameplate rating by 92 HP. This should produce an
increase in stator temperature of less than 3°C which remains within acceptable
limits

v Continuous operation at the new cold loop load (9074 HP), This represents a
324 HP increase over the nameplate rating of the motor. It is expected that this
load will cause less than a 5°C increase in stator winding temperature during
operation which is considered acceptable.

3 Rotor winding temperatures during the worst case starting scenario. The worst
case starting scenario is a cold loop, 80% voltage start with 30,100 gpm reverse
flow.

a  The calculated rotor winding temperature rises (based on a conservative all
heat stored analysis) are within the design allowances and are therefore
acceptable.

Based on compliance with the applicable design criteria the motors are suitable for
operation at the revised loads associated with the rerating.

35186 Pressurizer

The Wolf Creek pressurizer equipment specification and stress report have been
evaluated relative to the rerating parameters and the revised NSSS design transients.
The evaluation shows that the rerating thermal parameters and transients conditions
are enveloped by the generic transients used in the analysis of the pressurizer
components. Therefore, the stress analysis results presented in the Wolf Creek
pressurizer stress repor: are sti!l applicable for all the components.
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Hot Leg/Cold Leg fluids and pressurizer fluids are enveloped by the differential
temperatures to which the pressurizer components were analyzed. Therefore, new
thermal stresses and fatigue usages were not calculated. Also, new fracture
mechanics analysis was not required to be performed.

mima

The results show that the Wolf Creek Pressurizer cormponents meet the ASME Code,
Section Il stress analysis requirements for the rerating/T-HOT reduction program
loadings

3.5.1.7 Piping and Supports

An evaluation has been completed for the Wolf Creek RCS loop piping and supports to
determine the magnitude of the rerating on the qualification of the foliowing
components. the reactor coolant loop piping, the primary equipment supports, the
primary equipment nozzles, the Class 1 auxiiiary line piping, and the Class 1 loop
branch nozzles.

The rerating parameters indicate temperatures in the loop different than originally
analyzed. These differences have a possible impact on the thermal, seismic, and
LOCA analyses. The normal 100% power operating temperature changes for this
program will result in a slight change to the therma! displacements and loads in the
loop. The changes in thermal loadings in the loop piping are negligible. The impac! of
the change in thermal displacements on the boundary conditions for the Class 1
auxiliary line piping is also negligible.

The gaps in the primary equipment supports will change by a very small amount due to
system thermai contraction caused by the |awer temperatures. The tolerance on
imeasuring the gaps in the primary equipment supports is of approximately the same
magnitude as the change associatea wit™ the reduced T-HOT operating conditions.

Since the gap condition of the primary equipment support system is assumed to change
by a negligible amount, the seismic loadings on the loop piping and primary equipment
support system do not change by a significant amount. The assumption is that the
system configuration, within an acceptable tolerance, is the same as that used in the
original design basis analysis.

Two of the inputs into the loop LOCA analysis are the hydraulic forcing functions (HFF)
and the reactor pressure vessel (RPV) LOCA displacements. The original design basis
for the primary loop piping and support evaluation included loadings that correspond to
large doubled-ended guillotine breaks. Wolf Creek has implemented loop
leak-before-break (LBB) which eliminated the requirement to postulate the large
guiliotine breaks. There is, therefore, significant margin available to accommodate the
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nominal increase in the hydraulic forcing functions and the RPV LOCA displacements.
The existing loop LOCA analysis for Wolf Creek is sufficiently bounding so that the
loads and displacements that are output from the analysis apply for both the upper and
lower bound T-HOT operating condit.ons. As with the seismic condition, the primary
aquipment support gaps do not change enough to significantly impact the LOCA
results.

As part of the piping reconciliation, the fatigue analysis was reviewed to determine if
the rerating parameters would impact the results. The input of interest is the set of
thermal design transients for the system. These thermal transient changes are factored
into the fatigue evaluation to determine that none of the allowables are exceeded.
Although some of the stress ranges increase by incorporating these changes, the
overall fatigue resulis remain in compliance with ail applicab'a industry and ASME code
requirements.

The pressurizer surge line was reviewed relative to thermal stratification. The surge
line is welded into the loop hot leg and is therefore exposed to the reduced hot lsg
temperature. The magnitude of the ctratification is proportional to the difference
between the pressurizer temperature and the hot leg temperature. This temperature
range is increased for a T-HOT reduction program and has been considered relative to
the analysis performed for this condition. The results of that review indicate that the
new temperature ranges in the surge line have negligible impact on the existing
analysis.

The loop loadings used in the LBB evaluation include conibinations that contain both
thermal and seismic loads There is negligible change in the thermal and no change in
the seismic loads. There are no changes in the loop loadings used in the (oop LBB
evaluation for the rerating program.

An additional consideration was evaluated for the rerating program, namely the
influence of the interferences noted in the reactor coolant pump tie rods and cross-over
leg whip restraints. The analysis and evaluation performed as a result of the "noise"
resolution program have been factored into the rerating program. In summary, the (oop
support interferences in the noise program had the opposite influence on the support
gaps as the T-HOT reduction. Because the T-HOT reduction tends to shrink the
system by a small amount, the effect is to reli~ve loads that were generated by the
interferences present in the system The rerating program does not yield a loading
condition more severe than already documented in the noise program or the original
design basis. The fatigue usage factors, which are tied to the design thermal
transients, accounted for both the noise program loadings and the modified design
thermal transient ~onditions of the rerating program.

Far the components assessed there is negligible impact from the rerating/T-HOT
reduction conditions on the existing analysis results. These components are
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The original design parameters and qualification requirements for the Wolf Creek
auxiliary pumps are defined by the equipment specifications and purchase order
documents as noted in SSDC 1.3X with the pump specifications listing the applicable
transients. The auxiliary pumps were evaluated at the rerated conditions and were
found still bounded by the original Wolf Creek design parameters.

Therefore, compliance with all applicable requirements is continued and there are no
new limitations associated with the operation of the NSSS auxiliary pumps at the Wolf
Creek rerated conditions.

3.5.2 Fluid Systems

The fluid systems evaluations are based on NSSS operation at a power rating of 3579
MWth and other parameters presented in Table 2-1. The acceptability of systems and
affected components are discussed system by system.

The review of the Wolf Creek Reactor Coolant System and Auxiliary Fluid Systems
show that operation at the proposed rerated conditions is acceptable. The Component
Cooling Water System heat loads and cooling water functional requirements of
BOP-FR-1 bound the rerated conditions

3.5.2.1 Reactor Coolant System (RCS)

The reactor coolant system process flow diagram and the RCS process parameter
tables describe the fluid conditions of the NSSS during plant operation. The rerated
RCS fiuid conditions formed the basis for later system and equipment evaluations.
Since the RTD Bypass was eliminated prior to the rerating, these lines and flows are
removed from the RCS process flow diagram. The RCS loop fluid conditions of
pressure, temperature and flow were calculated tor the increased power for both the
normal T-HOT and the 15°F T-HOT reduction operating conditions. It should be neted
that the RCS normal T-HOT rather than reduced T-HOT fluid conditions are limiting for
system ana component evaluations. Both the normal T-HOT and the 15°F T-HOT
parameters for the uprated power conditions are tabulated to provide for plant
operation between these temperature and fiow conditions.



3622 Pressurizer

The capacities of the pressurizer safety valves, the pressurizer power operated relief
valves, the spray valves, and pressurizer heaters, required for the rerated conditions
remain at or below the rated capacities of the existing installed equipment. Therefore,
no changes are required for any of this equipment. The pressurizer spray line flow
requirement of 900 gpm was verified for the available driving pressure head and the
calculated spray line flow resistance The pressurizer surge line pressure drop proof of
design calculation using the rerated RCS fluid conditions and L/D resistance criteria
were used to show that the pressure at the bottom of the reactor vessel will not exceed
110% of the design pressure. This calculation assumed that each of the three
pressurizer safety valves were relieving at 102% of set pressure and discharging at
rated capacity of 420,000 Ib/hr. The pressure drop from the pressurizer safety relief
valves to the reactor coolant system were evaluated It has heen determined that the
pressure and pressure drops are acceptable

3623 Reactor Coolant Pumps

The RCP motors are rated at 7000 hp. The highest power consumption occurs when
the RCS is at cold conditions with high water density which is not effected by the
uprating. At hot conditions power operation conditions, the RCP motor horsepower is
less. The change in fluid density at the pump operating point, at 100% power for the
uprated conditions, is so small that the power consumption will be nearly identical to
existing requirements

3524 Chemical and Volume Control System (CVCS)

The CVCS interfaces with the RCS include the regenerative and excess |etdown heat
exchangers. The design inlet temperature for each heat exchanger is 560°F from the
RCS. Because the rerated conditions are below the design inlet temperatures, the
performance of both heat exchangers are acceptable. The regenerative and excess
letdown heat exchanger performance was calculated for the rerated conditions to
document that the calculated temperatures are within the outlet design temperature
criteria.

35256 Residual Heat Removal System (RHRS) and Sarety injection System
(SIS)

Operation at the uprated reactor power level of 3565 MWy, will increase the decay heat
load on the residual heat removal system. The effect of the increased decay heat load
on plant cooldown was evaluated. The ANSI/ANS-5.1-1979 standard has been used
for the decay heat generation. This decay heat standard has lower heat generation for
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the first 24 hours after shu.down than the decay heat curve used in the original RHRS
design analyses. For normal cooldown using both residual heat removal loops,
calculations show the reactor cools it system can be cooled from 350°F at 4 hours after
shutdown to 140°F within 17 hours after shutdown, which is within the design basis of
20 hours. This two train cooldown time is only slightly longer than the previous 3411
MW, reactor power rating 16 hour cooldown time

10 CFR 50 Appendix R (Fire Protection) requires plant cooldown to 200°F cold
shutdown within 72 hours with minimal equipment available This is interpreted as
single RHRS train failure. For single train RHRS cooldown, calculations show the
reactor coolant system can be cooled from 350°F at 4 hours after shutdown (4 hours
was assumed to conservatively reflect decay heat levels when the RCS reached 350
OF ) to 200°F within 26 hours after shutdown. This single train cooldown compares with
a cooldown time of 12 hours of the previous analysis provided in the USAR

Section 547

The safety injection systern (S1S) including the centrifugal charging pumps, safety
injection pumps, associated piping valves and related equipment has been analyzed to
suppert operation at the uprated power and T T reduction conditions. Based on all
reviews, the power uprating and ToT reduction will not affect the ability of the system
to perform its intended safety function

3526 Other Fluid Systems

The Boron Recycle System (BRS) functions to collect borated radioactive effluent from
the RCS and to process the effluent into reusable water and boric acid. Any RCS
boron concentration changes for the uprating are not significant and do not impact the
design of the BRS.

The Boron Thermal Regeneration System (BTRS) is designed for a daily load cycle
which is only a reference cycle. Any RCS boron concentration changes for the uprating
are not significant and do not impact the design of the BTRS.

Gaseous Waste Processing System (GWPS) and the Liquid Waste Processing System
(LWPS) design and operation will not be effected by the rerating. The Gaseous Waste
Processing System and the Liquid Waste Processing System design bases included
radioactive source terms based on 3565 MWy, reactor power rating. These source
terms are still bounding for the systems designs.

m ription
A review of the Westinghouse fluid system descriptions (RCS, CVCS, RHR, SIS,

BTRS, GWPS and LWPS) shows the system descriptions need not be revised for the
uprating. The RHRS design basis and components do not char.ge for the uprated
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power. For the Reactor Coolant System Description the only potential change is in the
system parameter section. This change is not considered necessary for the
Waestinghouse system description.

ili ipm ign Transient

The Wolf Creek rerating parameters have been reviewed concerning the NSSS
Auxiliary Equipment Design Transients SSDC 1.3X, Rev. 0 and the Auxiliary Heat
Exchangers Specifications ASME Sections lll and Vill. The conditions and
assumptions in the design transients and the heat exchanger specification are
unchanged or still bounding. The new operating temperatures are encompassed by the
original design transients.

mergency Power irem

The emergency power requirements for the diesel generators remain unchanged for
Waestinghouse supplied equipment with respect to the time and manner with which
these electrical loads are sequenced on the diesels. The only electrical equipment
potentially affected by the uprating are the pressurizer heaters. The requirements for
the pressurizer heaters are based upon a desired heatup rate for the pressurizer of
approximately 50°F/hr. Hence, there are no changes in the pressurizer heater
requirements.

Heat Loads and Cooling Water Requirements

Waestinghouse issued the Component Cooling Water System (CCWS) Functional
Requirements and Design Criteria Standard for CCWS BCP-FR-1, Rev. 3. This
standard contained the design criteria and guidelines used by the Architect Engineer
(Bechtel) for the design of the CCWS.

In reviewing the components cooled by the water system it is possible to identify a
number of components which are not affected by the rerating in terms of their cooling
flows and heat loads, which therefore require no further consideration. For the
Westinghouse supplied items these include: RHR pump seal coolers, Centrifugal
charging pump bearing oil coolers, Safety injection pump bearing oil coolers, Reactor
Coolant Pumps, Reactor coolant drain tank heat exchanger, Seal water heat
exchanger, Recycle evaporator package, Positive displacement charging pump oil
cooler, Waste gas compressors, Catalytic hydrogen recombiner, and Waste evaporator
package. This leaves the RHR heat removal heat exchangers, Excess letdown heat
exchanger and the Letdown heat exchanger that are affected by the rerating. The
CCWS flows and heat loads were calculated for the ietdown and excess letdown heat
exchangers for the rerated T-COLD RCS conditions for CCWS normal operations and
4 hour shutdown operations The re sidual heat removal heat exchanger CCWS heat
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loads were calculated for 4 hours after shutdown and during post LOCA recirculation.
The changes in the CCWS flows and heat loads are not significant.

Precautions Limitations etpoints (PL

The Wolf Creek Rerating Program required the review of the PLS (Precautions,
Limitations and Setpoints) document. This section documents the fluid systems review
and changes to the PLS to reflect the operation of the Wolf Creek Plant at the rerated
conditions. The Wolf Creek PLS document was reviewed for impact for the NSSS
uprating to 3578 MWth on the systems and components. The review verified that the
only PLS impact was on the RCS pressurizer spray line connection (Low Spray Line
Temperature Alarm) and that there is no impact on any other auxiliary system process
setpoints.

3.5.2.7 Main Steam System

The rerating will not affect the system design pressure (1200 psia). The steam mass
flow rates and the steam velocities at full power will increase for both Cases in Table
2-1, but these increases should have no significant effect on the system componants,
piping, and piping supports, except in the case of the MSIV closure event which is
discussed in the Balance of Plant section.

Steam Generator Safety Relief Valves

Since the system design pressure does not change because of the rerating, there is no
need to revise the lift setpoints of these valves The combined relief capacity of these
valves must be such that the valves will relieve the maximum amount of steam
generated in the limiting case loss of heat sink event {usually a turbine trip with a
delayed reactor trip) without aliowing the pressure in the main steam system to exceed
110% of the 1200 psia design pressure. Since the steam generation rate in the limiting
case loss of heat sink event is seldom known, as is the case with the Wolf Creek
Jpratings, Westinghouse recommends, conservatively, that the relieving capacity of
these vaives be equivalent to 105% of the engineered safeguards steam flow for the
plant. It has been customary in evaluating past plant reratings to consider that the full
power steam flowrate for the rerated condition is the engineering safeguards steam
flowrate. For the pronosed Wolf Creek rerating, the steam flowrate of 15.92x108 Ib/hr
for Case 1 represents the worst case. Thus, the combined relieving capacity of the
steam generator safety relief valves must be at least 105% x 15.92x10° Ibs/hr =
16.74x108 Ibs/hr. Table 10.3-2 of the Wolf Creek USAR shows the combined relief
capacity of the steam generator safety relief valves to be 18.23x108 Ibs/hr, which is
more than adeqguate for the rerated conditions
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judged that the FCVs in the Wolf Creek Generating Station will have sufficient capacity
to satisfy the 50% load rejection criteria in the rerated conditions.

The FCVs also have a rapid 5 second) closure requirement that will be retained for the
rerated conditions  As with the FIVs, the increased volumetric feedwater flowrates in
the uprated conditions will cause the celta P across the valve discs and the thrust loads
on the valves, piping, and piping supports to increase slightly over these forces that
would be experenced during a rapid ciosure of tiie FCVs under current operating
conditions. These forces will increase by approximately 5% in both the rerated
conditions.

Feedwater Pump Speed Control Program

This program controls the fee~water pump speed (rpm) and consequently the head -
flow curve of the feedwater pumps throughout the operating range. As can be seen in
the discussion of the FCVs above, there are feedwater system effects to be considered
whether the existing pump speed control program is retained or a revised program is
recommended.

3.5.2.9 Auxiliary Feedwater System
Minimum Auxiliary Feedwater System Flow Rates

The minimum auxiliary feedwater flow rates that must be delivered to the steam
generators for accident mitigation are based on core power, and the directly related
decay heat generation rate, and other general plant paramaters such as plant metal
and water volumes and steam generator water volumes assumed to exist at the time of
the accident While the general plant parameters will not change, there will be a 4. 5%
increase in the core power level (from 3411 MWith to 3565 MWith) for both rerated
conditions, with a proportionai increase in the decay heat generation rate. It was found
that there was sufficient margin in the specified minimum auxiliary feedwater flowrates
to accommodate the increased core power and the increased decay heat generation
rate associated with the rerated conditions.

xili ee te mp Delivery Capabiliti

The auxiliary feedwater pumps must be capable of delivering the minimum required
auxiliary feedwater flows to tha steam generators within one minute of actuation with
the steam generators at a pressure equivalent to the set pressure of the lowest set
safety relief valves plus 3% accumulation pressure. Since there is no need to change
the minimum required auxiliary feedwater flow rates, and there is no need to change
the setpoints of the safety relief valves, the auxiliary feedwater pump delivery
capabilities will be adequate for the rerated conditions.
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xiliary Fe ater Storage Requirement

A minimum volume of water must be maintained in the condensate storage tank for
exclusive use by the auxiliary feeawater system. This volume is proportional to thie
core decay heat that must be removed (directly related to the core power) and the
sensible heat that must be removed to accomplish a piant cooldown from zero load hot
standby conditions to the conditions at which the Residual Heat Removal System
(RHR) can be actuated. Using WCGS plant specific nomographs and the uprated core
power level (3565 MWt), it was conservatively determined that a minimum of 240,000
gallons of water would be required to hold the Wolf Creek plant in a condition of Hot
Standby for 4 hours with steam discharge to the atmosphere concurrent with total loss
of offsite power, and then accomplish a 50°F/hr plant cooldown from zero load Hot
Standby conditions to the conditions necessary for RHR initiation. This volume does
not include allowances for water not usable because of tank discharge line isolation or
other physical characteristics or uncertainties. Section 3.7.1.3 of the WCGS Technical
Specifics (page 3/4 7-6) requires that 281,000 gallons of water be available in the
condensate storage tank. Therefore, an adequate water reserve should be available
for plant operation in the rerated conditior.s.

3.6§210  Steam Generator Blowdown and Sampling System

The blowdown and sampling system will not be adversely affected by the proposed
rerating. Blowdown and sampling flow rates are dependent on the steaming rate and
upon the chemistry conditions in the secondary side of the plant. Since the steaming
rates increase in the rerated conditions, the blowdown and sampling rates can be
expected to increase slightly. Further, for both rerated cases, but particularly for the
Case 1, the pressure at the inlet of the blowdown pipe inside the staam generators will
be less than that under current operating conditions. This combination of increased
blowdown flow and decreased blowdown system inlet pressure will probably require an
adjustment of throttie valves in the blowdown and sampling system. It is judged that
there is adequate adjustment margin in the system throttle valves to accommodate the
rerated conditions



3.6 BALANCE OF PLANT

I INTRODUCTION

(Note: For clarification, the term "uprating” in this report refers specifically to an
increase in reactor power level, whereas the term "rerating" refers to the power level
increase in addition to the sum total of all othe" parameter changes (e.g., THot
reduction) to be incorporated in the power rerate program.)

The Wolf Creek Generating Station (WCGS) is currently licensed to operate at a
reactor power level of 3411 Megawatts-thermal (MWt) Wolf Creek Nuclear Operating
Corporation (WCNOC) has proposed uprating the piant to operate at a reactor power
level of 3565 MW, which is a 4.5% increase in reactor power, and a corresponding
increase in NSSS power from 3425 MW to 3579 MWt The power rerate program geal
is to implemant a plant power uprate of 4 5%, in combination with a Reactor Coolant
System (RCS) Hot Leg temperature (TH ot) reduction of 5°F

Power rerating involves changes in plant heat rate and process flow rates, pressures
and temperatures in the power generation cycle. Power rerating also affects thermal.
hydraulic and electrical lcads on various auxiliary systems and equipment. In suppu
of the WCGS Power Rerate Program, evaluations were completed on the capability of
the WCGS Balance-of-Plant (BOP) systems listed in Table lI-1, components and
design features to support plant cperation at the 104 5% reactor ¢ awer uprate
conditions, in conjunction with T, ., reductions of 0°F, 59F and 159F. Evaluation of
power rerate with no reduction in o (Case 1NB in Table lil-1), and with a 15°F
reductioninT (Case 3NB in Table lli-1) provide process parameters and evaluation
results bounding the power rerate program target operating condition of 104.5% reac*” -
power and a 5°F reduction in THot (Case 2NB in Table Ili-1).

in order to determine the impact of power rerating on the WCGS BOF and support
systems, a systems review was conducted. The Valves Wide Open (VWOQ)
turbine-cycle heat balance, and the power rerate parameters (see Table lil-1) were
used as the basis for the performance review of piant systems, components and design
features.

In addition to the review of systems, a review of selected programs was performed to
evaluate the impact of changes due to power rerate. The following specific issues were
included in the scope on programs review:

A. The impact of power rerate un the pressurizer sub-compartment pressure and
temperature consequences of a Pressurizer Surge Line Break

B. The impact of power rerate on radiological source terms used for Environmental
Qualification and Radiological Shielding design
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C. The impact of power rerate on the WCGS ALARA Program

D. The impact of power rerate on Hazards, including piping dynamic loads, pipe
break and flooding

Section |l of this report describes the scope of the Systems Review; the basic criteria
used to complete the Systems and Programs Reviews is discussed in Section llIl. The
results of the Systems Review are provided in Section IV, and the results of the

Programs Review are provided in Section V. Section VI of this report provides the
overall conclusions of the effort.

Il SCOPE OF SYSTEMS REVIEW

BOP systems review for the WCGS Power Rerate Program included the following
general areas:

Turbine - Cycie Heat Balance
Secondary Plant and Supporting Systems Reviews
WCGS Programs Review
A complete list of the plant systems within the scope of the Systems Review is provided

as Table II-1. WCGS systems not listed in Table Il-1 were addressed as part of the
NSSS scope, or are considered to be unaffected by Power Rerating.



Table 11-1

WOLF CREEK GENERATING STATION
POWER RERATE SYSTEMS REVIEW LIST

System Class1 Description System c:lmr;s1 Description
AB Q Main Steam GN Q Containment Cooling
AC Q Main Turbine GR N Containment Atmosphere Control
AD N Condensate GS Q Containment Hydroge n Control
AE Q Main Feedwater GT Q Containment Purge
AF N Feedwater Meater Extraction, HA 8 Gaseous Radwaste
Drains, & Vents
AK N Condensate Demineralizer HB Q Liquid Radwaste
Al Q Auxiliary Feedwater
AN S Demineralized Water Storage HC S Solid Radwaste
& Transfer
AP Q Condensate Storage & HE 8 Boron Recycle
Transfer
BL Q Reactor Makeup Water HF 8 Secondary Liquid Waste
BM Q Steam Generator 3lowdown MA N Main Generator
BN Q Borated Refueling Water MB N Excitation & Voltage Regulation
Storage
CA N Steam Seals MR N Startup Transformer
CcB N Main Turbine Lube Qil NE Q 4.16 KV AC Lower Medium
Voltage (C 1ss 1E)
cC N Generator Hydrogen and NE Q Standby Oiesel Generator (Class
Carbon Dioxide 15)
CcD N Generator Sea! il NG Q 480 V AC Low Voltage (Class 1E)
CE N Stator Cooling Water NK Q 125 V DC Power (Class 1E)
CF N Lube Oil Storage, Transfer & NN Q 120V Instrument AC Power (Class
Purification 1E)
cCG N Condenser Air Remaoval (see PA Q 13.8 KV AC Higher Medium
System AD) Voltage
CH N Main Turbine Control Ol PB N 416 KV AC Lower Medium Volt.
DA N Circulating Water PG N 480 V AC Low Voltage
(non-Class 1E)
EA N Service Water PJ N 250 V DC (non-Class 1E)
EB N Closed Cooling Water PK N 125 V DC (non-Class 1E)
EF Q Essential Service Water PN Q Instrument AC Power
including Ultimate Heat Sink
EG Q Component Cooling Water RJ N Balance of Plant Computer
EN Q Containment Spray RM N Process Liquid Sampung and
Analysis
FC Q Main Feedwater Pump SJ Q Nuclear Sampling
Turbines (see System AE)
GB N Central Chilled Water
GG Q Fuel Building HVAC
GL Q Auxiliary Building HVAC
1. Q =  System is safety related or has safety reiated components
§ =  System is special scope or has special scope components, but has no

safety related function or components
N = System is non-Q. non-special scope, and has no safety related or special
scope components.
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Il CRITERIA
Power Rerate Parcmeters

The Systems Review was based on the applicable process system conditions listed in
Table Ili-1. System, equipment and component performance were evaluated at the
most limiting of the proposed power rerate case(s) parameters.

Table 1lI-1
WOLF CREEK GENERATING STATION POWER RERATE PROGRAM
PARAMETERS
(UPRATED)
LICENSED 104 6%
REACTOR
POWER
PARAMETER (100%) VWO GCASEINB  CASE2NB  CASE3NB
REACTOR uF 5F 16F
POWER THot Reduction T Mot Reduction THot Reduction
NSSS Power (MW1) 3425 3562 a57¢ 3579 3879
Reactor Powar (MWIt) 3411 3548 3565 3565 3565
RU S Pressure (psia) 2280 2250 2260 2250 2280
Steam Generator o
Steam Temperature ( F) 544 6 5416 5408 6331 518 4
Steam Pressure (psiaj 1000 9756 870 g8 7 807
Steam Flow, Total (10" #/hr) 16.14 15 85 1584 15 86 1583
Feedwater Tempcmturo(oF ) 440 4445 446 448 446
Zero Load Temperature (OF) 387 587 557 557 587
SG Tube Piugged (%) 0 0 0 0 10

The Turbine-Generator cutput, and other pertinent assumptions which apply to each of
these cases, are summarized in Table IV A-2.

Uprated Power Level

An uprated NSSS power level of 3579 MWt, which is a 4 5% increase from the cu 2nt
licensed NSSS power level of 3425 MW!, is to be implemented based on the conditions
specified in Table IlI-1 above. This NSSS power level corresponds to the licensed
reactor power level of 3411 MW! (rated thermal power) plus 14 MW! of non-nuclear
heat input from Reactor Coolant Pumps.
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Evalustion Criter

The current WCGS design criteria/bases were utilized to investigate the impact of the
power rerate program parameters on plant systems and components. These design
criteria and bases are provided in the industry codes and standards, NSSS and BOP
design criteria and regulatory commitments which form the design bases of the Wolf
Creek Generating Station, as documented in the WCGS USAR, Technical
Specifications, design drawings, system descriptions, design calculations, equipment
procurement specifications and related supplier documents, and current plant
configuration
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IV PLANT SYSTEMS REVIEW

Main Power Cycle and Auxiliary Systems

Main Steam (AB)

\lr\”i;" ‘\vv )r« 1

MAIN STEAM SYSTEM COMPONENT DESIGN PARAMETERS




Main Steam Isolation Valves (MSIV)

To isolate the non-safety related portions of the main steam system and to assure that
steam is available to operate the turbine-driven auxiliary feedwater pump for reactor
cooldown foliowing a loss of main feedwater, a main steam isolation valve is provided
in each of the four main steam lines outside of the containment, downstream of the
MSSVs. The valves were originally designed to pass 105% (VWO) steam flow and
close against the steam generator no-load pressure of 1107 psia

The MSIV flow capacity and capability to close were reviewed at the most limiting
power uprate condition, Case 1INB. Due to the increase in steam flow rates and the
decrease in main steam pressure, the steam velocity through the MSIVs will increase at
power rerate conditions. However, the increase i1 steam velocity will not adversely
affect the MSIVs' operation The MSIVs were originally designed based on an inlet
steam pressure equal to the steam generator no-load pressure of 1107 psia, and a
mass flow rate approximately four times the VWO flow in the forward direction, and
approximately ten times the VWO fiow in the reverse direction. Since the increase in
steam ﬂog due to power rerating is small (~0 57% (15 85x10"#/hr @ VWO vs.

15 94x10"#/hr @ Case 1NB)) and the steam line pressure decreases, power rerate will
not adversely impact MSIV closure times, or the capability of the valves to close and
remain closed. Therefore, it can be concluded that the MSIVs 4re adequate to support
power rerate.

Power Operated Relief Valves (PORVS)

One power operated relief valve is provided on each of the four main steam lines to
control steam generator pressure during startup, load changes and shutdown, when the
main steam isolation valves are closed or when the turbine bypass system is not
avgilab!e The valves were originally sized to relieve 15% of VWO steam flow (15.85 x
10" #/hr) at steam generator no-load pressure (1107 psia), and to pass sufficient flow
at @il steam generator pressures to achieve a 50°F per hour plant cooldown.

Westinghouse recommends that the minimum combined relieving capacity of the
PORVs be 10% of the plant design steam flow rate. This represents a maximum steam
flow capacity of 398,500 #/hr per steam line at the maximum power rerate condition
(Case 1NB). Since the existing PORVs are sized to relieve 15% of the VWO main
steam flow, or 594 642 #/hr per steam line, the existing PORVs are adequately sized
for the proposed power rerate conditions.

The set pressure for the PORVs shall be between the no-load steam generator
pressure, which is 1107 psia for the power rerate, and the set pressure of the lowest
set main steam safety valve which is 1185 psig  The existing PORV set pressure of
1125 psig falls within these values, and therefore, the existing set pressure is adequate
for power rerate.
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Based on the preceding, it can be concluded that the existing Main Steam System
piping is adequate to support power rerate

2. Main Turbine (AC)

The function of the main turbine system is to convert the thermal energy delivered from
the main steam system to mechanical energy to drive the main generator. In addition,
extraction steam and condensate from the main turbine are used for feedwater heating.
The system also provides a portion of the steam supply to drive the main feedwater
pump turbines. The major components of the main turbine system were reviewed to
determine their capability to support plant operation at the proposed power rerate
cor.dition, as follows

Turbine- rator

The turbine generator consists of one double flow, high-pressure (HP) and three
double flow, low-pressure (LP) turbines with a rated power cutput of 1192.5 MWe. The
GE VWO heat balance indicates that the turbine-generator will produce 1233 MWe at
the VWO condition, which corresponds to an NSSS power input of 3562 MWi.

The turbine-generator was evaluated using the "Performance Evaluation of Power
System Efficiencies" (PEPSE) computer program to predict turbine cycle performance
at the proposed power rerate conditions. The basic input parameters used are shown
in Table IlI-1. Actual verdor equipment data for major BOP components such as the
main condenser, LP and HP feedwater heaters, condensate, neater drain and main
feedwater pumps were incorporated into the model to estimate plant performance at the
power rerate conditions. In addition, measured operating data such as main steam line
pressure drop, moisture separator - reheater (MSR) temperature differences and an
assumed 1% steam generator blowdown were used in Cases 1AB, 2ZAB and 3AB. A
summary of the results of the PEPSE program turbine-cycle heat balance estimates are
provided in Table IV A-2 The results of the turbine - cycle heat balance estimates
indicate the existing WCGS Turbine - Generator will support power operation at the
proposed power rerate conditions. However, due to volumetric flow limitations of the
main turbine, it is not expected the main turbine will accept the power rerate main
steam flow at a pressure corresponding to Case 3NB, without possible hardware
modifications. The Power Rerate conditions evaluated here will aliow for a
Power/Temperature coastdown, and if hardware changes are necessary and made,
then it will allow ope:ation at 104 5% power and 15 OF Ty reduction

The bases for the turbine overspeed protection system and corresponding probability
analyses are not adversely impacted by the proposed power rerate. The mogt limiting
steam generator outlet steam flow for power rerate (Case 1NB) is 15.94 x 10~ #/hr
which is only 0.57% greater than the VWO main steam flow rate. For the target
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operating condition, Case 2AB, the increase over the VWO main steam flow is ~0.2%.
The VWO condition was assumed as the initial plant condition in the sequence of
events considered for the design of the turbine overspeed protection system.
Therefore, the bases for the turbine overspeed protection system is not adversely
impacted by power rerate.

Moisture Separator Reheaters (MSRs)

The function of the MSRs is to improve the quality of the HP turbine exhaust steam
(cold reheat) before it enters the iow-pressure turbines. The MSR operation
mechanically removes moisture, then reheats the dry steam using two stages of
reheating. The MSRs were originally supplied by GE based on the VWO flow
conditions.

The MSRs were evaluated as a part of the PEPSE program turbine-cycle heat balance
calculations to predict the new reheat steam conditions associated with the rerate
cases. Plant performance data at full (100%) power was used to estimate reheater
terminal temperature differences (TTD), and turbine-cycle performance at power rerate
conditions. The calculated reheater terminal temperature differences (TTD) for
Reheater No.s 1 and 2, are shown in Table IV A-3.
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CASE

DESCRIPTION

Base Case @ 100% Reactor Power

VWO (105%) Main Steam Flow

Rerate, w/o Steam Generator
Blowdown

Rerate, with 1% Steam Generater
Biowdown

Rerate, wio Steam Generator
Biowdown

Rerate, with 1% Steam Generator
Blowdown

Rerate wio Steam Generator
Siowdown

Rerate, with 1% Steam Generator
Blowdown

T
rREBICTIONF)

N/A

N/A

15

15

TABLE IV. A-2
SUMMARY OF WCGS POWER RERATE TURBINE CYCLE HEAT BALANCE RESULTS

STEAM

FLQW

(10 "#HR)

15.14
15.85

1594
1590
1589
15.88
1583

1585

STEAM
GENERATOR
PRESSURE
(psia)

1000
1000

970

870

908.7

908.7

807

807

NSSS
OuUTPUT
(MwW1)

3425
3562

3582

3579

3577

3579

35670

3579

Validation case based on GE VWO heat balance and plant component design and operating data
"NB" cases assumed no steam generator blowdown, "AB" cases assumed 1% steam generator blowdown, and piant operating data, extrapolated to

power rerate conditions

Power Rerate Target Operating Condition.
Due to volumetric flow Iimitations of the main turbine, it is not expected that the main turbine will accept the power rerate main steam flow at the

pressure coiresponding to Case 3, without hardware modifications. Therefore, neither operation at 104 5% NSSS power, nor an uprate in electrical
power output is expected to be achievable at the Case 3 power rerate condtions,
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TURBINE
GENERATOR
QUTPUT
(MWe)

11858
12336

12289

1227 8

1213

12138

1180 8

1186.0

MWe GROSS HEAT
CHANGE RATE
{(BTUMw-Hr)

N/A 9854

478 9852

431 9947

420 G847

272 10066

280 10062

50 10317

02 10298

R el g >

% STEAM
GENERATOR

PLUGGING
NIA

N/A

10

10



Table IV.A-3

MOISTURE SEPARATOR-REHEATER TERMINAL TEMPERATURE DIFFERENCES




3. Condensate (AD)

The condensate system functions to pre-heat and supply condensed steam from the
condenser hotwell to the steam generator feed pumps (SGFP). The condensate
system includes one multi-pressure, deaerating, condenser, condensate piping, three
(3) condensate pumps and four (4) stages of low pressure feedwater heating. The
major condensate system components were evaluated to determine their adequacy to
support the proposed power rerate to the 3565 MW reactor power level as follows:

Main Condenser

The main condenser is a multi-pressure, deaerating unit, consisting of one high
pressure (HP) shell, one intermed ate pressure (IP) shell, and one luw pressure (LP)
shell The main condenser f\.gxctions as the steam cycle heat sink and has a design
condensing duty of 7.87 X 10% Btu/hr. During normal operation, the condenser
receives and condenses LP turbine exhaust steam, and SGFP turbine exhaust steam
flows. The condenser is aiso a collection point for steam cycle miscellaneous flows,
drains, and vents. The condenser was originally designed to accommodate a 50% load
reduction without reactor trip by accepting 40% of the VWO main steam flow via the
turbine bypass system. A condenser high back pressure sensor is provided to actuate
an alarm at approximately 5 inches Hga and initiate a main turbine trip at approximately
7.5 inches Hga.

The main condenser was modeled in the PEPSE turbine - cycle heat balance program
design mode, using condenser design data, a circulating water design inlet temperature
of 80°F, and Heat Exchange Institute (HEI) standards methodology.

At the most |i51iting power rerate condition, Case 3NB, the condenser duty decreases
to 7.842 x 1Q°Btu/hr, which is approximately 0.35% less than the VWO condenser duty
of 7.87 x 10”Btu/hr. In addition, the capability of the main condenser to accept and
condense steam following a 50% load reduction from full (power rerate) load was
verified. Further, the original sizing basis of the Condenser Air Removal (CG) System
remains valid for power rerate. Therefore, the main condenser and the Condenser Air
Removal (CG) System are adequate for power rerating to the proposed 3565 MWt
reactor power level.

Condensate System Piping

The condensate piping delivers condensate from the main condenser to the suction of
the SGFPs through the condensate demineralizers and LP feedwater heaters. The
condensate system piping was designed to handle 50% greater than full load flow to
permit full feedwater flow following a loss of heater drain pump flow.

At the most limiting power rerate condition, Case 3, the highest velocity in the
condensate pump discharge header will increase to 18.5 f/sec. This velocity is well

3-107






steam conditions and LP heater design data, the terminal temperature difference
(TTD), drain cooler approach (DCA) and heat transfer duties of the existing LP
feedwater heaters have peen estimated and are shown in Table IV A4.

Table IV.A-4

LP FEEDWATER HEATER DESIGN AND CALCULATED PERFORMANCE DATA

LP Heater 9fg9.~ #1 #2 #3_ #4
TTD/DCA (°F)
Design 5.00/10.0 5.00/10.0 5.00/10.0 5.00/10.0
Case 1 52/10.4 51/10.2 5.1 /10.1 52/10.0
Case 2 53/105 5.2/10.2 5.1 /10.1 5.2 /10.0
Case 3 55/10 8 54/10.4 53/10.1 551/10.2
Duty (Btu/hr)
Design 206x108  126x10®  243x10®  127x108
Case 1 2,ch102 1.28x1og 246x1og 1.29x1og
Case 2 211 x 10 130 x 10 2.48 x 10 1.30 x 10
Case 3 218 x 10° 1.33x 10° 252 x 108 133 x 10°
where:

TTD = (steam inlet saturation temp. - feedwater outlet temp.)
DCA = (drain outlet temp. - feedwater inlet temp.)

Based on the above TTDs and heating by the HP feedwater heaters, the final
feedwater temperature was calculated and the results are consistent with the
temperatures provided in Table lli-1 for each of the power rerate conditions. Therefore,
the existing LP feedwater heaters are adequate to support power rerating.

LP Feedwater Heaters #3 and 4 Shell Side Relief Valves

The shell side relief valves for LP feedwater heaters #3 and 4 were originally sized as
shown in Table IV A-5.
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4. Main Feedwater (AE)

The main feedwater system delivers feedwater at the required temperature and
pressure from the condensate system to the four steam generators. The foedwater
system includes feedwater piping, steam generator feed pumps, isolation and control
valves, high pressure feedwater heaters and flow transmitters. Each major system
component was evaluated to determine their adequacy for power rerating to the
proposed 3565 MW! reactor power level as follows:

Eeedwater Piping

Feedwater is supplied to the four steam generators by four 14" diameter carbon-steel
lines. Each line is anchored at the containment wall and designed with sufficient
flexibility to provide for relative movement of the steam generators due to thermal
expansion. At the most limiting power rerate condition (Case AB), ého feedwater flow 5
will increase by 1ess than 1.5% above the VWO flow of 15.85 X 10~ #/hr to 16.08 X 10
#/hr. The highest veiocity in the feedwater piping at the most limiting power rerate
condition is approximately 28 ft/sec., which is within the recommended design limit of
30 ft/sec. For power rerate, only the Main Feedwater System temperatures increase,
as compared to the full (100%) power or VWO conditions, the process temperatures for
all other plant systems remain the same, or decrease slightly. Since the original MFW
System piping stress analyses utilized a feedwater temperature for thermal analyses
exceeding the estimated power rerate value of 446°F  the proposed power rerate will
have no affect on existing MFW System stress analyses.

Steam Generator Feedwater Pumps and Turbine Drivers

Two 2/3-capacity turbine-driven steam generator feedwater pumps (SGFPs), piped in
parallel, are provided to supply pre-heated feedwater to the steam generators. At the
most limiting power reraée condition (Case 1AB), the required feedwater pump flow
increases to 16.08 x 10 ¥/hr. This regresents an increase of less than 1.5% over the
VWO feedwater flow rate of 15.85x107#/hr. At this condition, the SGFPs require
approximately 121 psi of NPSH. Based on a hydraulic review of the main feedwater
system, there will be approximately 312 psi of NPSH available to the suction of the
SGFPs and, therefore, an adequate margin to support SGFP operation.

The Main Feedwater Pump Turbines (MFPT) were incorporated into the turbine-cycie
heat balance calculations. The brake horseyower required to drive the SGFPs is
directly proportional to the SGFP flow and the total dynamic head required. Due to the
reductions in steam generator pressures at the power rerate conditions, as compared
to the 100% power conditicn, in combination with the increase in flow rate, the brake
horsepower required from the MFPTs to drive the SGFPs will not change significantly.
The existing SGFP Turbines are adequately sized to drive the main feedwater pumps
at the proposed power rerate conditions
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HP [eedwater Heaters # 5, €, and 7

Two parallel strings of three HP heaters are provided to heat the feedwater for supply
to the steam generators. The HP feedwater heaters we, e originally sized based on
120% of VWO flow plus margins for fouling HP feedwater heater # 5 can
accommodate the additional duty and extraction steam/drain flows associated with one
train of LP heaters out of service and 1/3 of the VWO condensate flow through the LP
heater bypass valve

At the most limiting poworgaruto condition (Case 1AB), the total feedwater flow
requirem’ * ““" 08 x 107#/hr will increase by less than 1.5% above the VWO flow of

15.85x1 {thus the HP feedwater heater tube side velocities and pressure
drop wil, ilightly. However, the feedwater heater tube side velocities are still
within HE - 8. The increase In feedwater heater tube side pressure drop has
also beei 4 for in the evaluation of the main feedwater pumps and found to be

acceptable. . _uoition, a review of the design tube side and shell side flow rates
against the most limiting power rerate flow rates indicates that the power rerate flows
are bounded by the design flow rates. The duty on the HP feedwater heaters will
change due to the heating steam and feedwater flow requirements at power rerate
conditions. The HP feedwater heaters were modeled in the PEPSE program demand
mode Based on the rerate HP feedwater flow requirements, extraction steam
conditions, and HP feedwater heater design data, the terminal temperature difference
(TTD), drain cooler approach (DCA) and heat transfer duty of each of the existing HP
feedwater heaters were estimated, and are summarized in Table IV A-8.
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[ e S ————

R T W S——_—"

T Bl o i T e e s L oaa e L  a - P N R ——— RE———— e e e T e e

valves on the drain lines automatically maintain the normal water levels in the drain
tanks. A hypass valve is provided on each drain tank lo dump the condensate to the
main condenser on high level in the drain tank,

The existing level control and bypass valves were sized and furnished by General
Electric The design capacities are equal to, or exceed the VWO values. This
additional margin was included to account for unknowns in design calculation
procedures and as-built plant equipment and configurations. In addition, the first and
second stage reheater drain tank bypass valves were sized by GE with additional
capacity to acconmmodate the unlikely event that a CIV is closed while the feedwater
heater which normally receives reheater condensate is temporarily out of service.

Based on a review of the existing valve capacities and the results of the turbine-cycle
heat balance calculations for each of the proposed power rerate conditions, it can be
concluded that the existing level control and bypass valves are adequately sized to
support the proposed power rerate.

Heater Drain Tank Pumps, Level Control and Bypass Valves

The heater drain pumps were originally sized based on 110% of the VWO heater
drains flow rate to allow for surges The design of the heater drain pump system is
based on providing at least 25 percent excess pump NPSH at the design (VWO) flow
condition

The vendor's heater drain pump performance curve was used in the turbine cycle heat
balance calculations to determine the pump operating point at each of the proposed
power rerate conditions

Based on the results of the power rerate heat balance calculations, the total estimated
heater drain pump fiow increases by approximately 4% as compared with the VWO
flow, and remains within the capabilities of the existing heater drain pumps. The
adequacy of the heater drain pump control valves was reviewed at each of the
proposed power rerate conditions. The heater drain pump control valves are
adequately sized for power rerate Cases 1, 2 and 3, as listed in Table I1l-1.

6. Condensate Demineralizer (AK)

The Condensate Demineralizer System (CDS) is designed to maintain the required
purity of feedwater for the steam generators. The system removes corrosion products,
suspended solids and impurities entering the condensate system from condenser
leakage by filtration and ion axchange The CDS consists of six demineralizer vessels
piped in parallel, with up to five vessels in operation and one vessel in standby.
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The service for each demineralizer vessel is terminated on either high differential
pressure across the vessel (approximately 25 psid) or high cation or sodium contert in
the demineralizer effluent. The CDS performs no safety function

The CDS system was sized based on the VWO condensate flowrate of 21,600 gpm,
and is designed to accommodate flow surges as high as 144% of VWO condensate
flow (31,200 gom) during transient conditions. For the target operating power rerate
case, Case 2AB, \ne condensate flow of 22,800 gpm through the CDS exceeds the
VWO flowrate of 21,600 gpm by less than 6%, and the pressure differential across
each demineralizer vessel is estimated to increase by less than 4 psi. This will result in
a slight reduction in the service run time of each demineralizer vessel, based on
maintaining the existing differential pressure alarm setpoint. Based on input from the
CDS original equipment manufacturer (OEM), a!though the power rerate condensate
flows exceed the (continuous) flow rate for which the condensate demineralizer has
been designed, this small increase in flow, and the corresponding increase in pressure
drop can be accommodated by the CDS

in addition, the differential pressure indicating switches (PDIS) for the CDS vessels
have an adjustable setpoint range of 0-50 psid, and there is adequate NPSH available
for the safe operation of the steam generator feedwater pumps (SGFP) should it be
necessary 1o raise the differential pressure setpoint to account for this increase in
flowrate, and thereby restore the CDS vessel run time (if pressure drop is limiting).
Based on the preceding, it is concluded that the CDS is adequate to support the power
rerate.

7. Demineralized Water Storage and Transfer (AN)

The demineralized water storage and transfer system (DWSTS) receives filtered,
demineralized water from the demineralized water makeup system (DWMS), and stores
and transfers demineralized water to plant systems and components on demand. A
review of the systems and components supplied from the DWSTS (see Table IV.A-7)
indicates that there wiil not be a significant increase in demand or consumption of
demineralized water for power rerate. Therefore, the existing DWSTS is adequate to
support power rerate.
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Table IV.A-7
DEMINERALIZED WATER STORAGE AND TRANSFER SYSTEM LOADS

Condensa'e Storage Tank

Reactor Makeup Water Storage Tank

Component cooling water system (surge tank, chemical addition tank)
Closed cooling water syster:

Auxiliary steam system (chemical addition & cond. recovery)
Diesel Generator cooling water expansion tank

Chilied water system (expansion tank)

Hot water system

Miscellaneous laboratory and sampling requirements
Miscellanecus flushing requirements

Miscellaneous makeup requirements

Condensate pump seals

Condensate and chemical addition

Nuclear sampling room

Hot machine shop

Radwaste and chemical laboratories

CVCS Positive Displacement process sampling system
Feedwater Chemical Addition System

Solid radwaste resin sampling station

Stator cooling water system

Condenser in-leak detection rack

Cask Washdown Pit

CVCS Chiller Surge Tank

Condensate Polishing System

Secondary Liquid Waste Evaporator

8. Cendensate Storage and Transfer (AP)

The condensate storage and transfer system (CSTS) serves as a reservoir to (1)
supply and receive condensate as initiated by the condenser hotwell level control
system, (2) provide adequate inventory for initial fill of the condensate and feedwater
systemns, the steam generators and the condenser hotwell, and (3) retain a minimum
usable inventory to support the operation of the auxiliary feedwater system (AFWS) to
maintain the plant at hot standby for 4 hours, followed by plant cooldown to an RCS
temperature of 350°F at S0CF/hour. The original sizing basis of the CST was a reactor
thermal power of 3565 MWt
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Analysis has indicated the minimum condensate inventory necessary to satisfy the
AFWS make-up requirement for power rerate remains less than 281,000 gallons, as
currently defined by WCGS Technical Specification and Basis 3.7 1.3, to maintain the
AP System operable. No significant changes in the make-up requirements to the
condensate or feedwater systems are required as a result of power rerate. Therefore,
the existing conderisate storage and transfer system is adequate to support power
rerate to the proposed 3565 MW| reactor power level without modification.

9. Circulating Water (DA)

The circulating water system (CWS) provides the cooling water flow to the main
condensers for the removal and rejection of waste heat to the normal plant heat sink.
The CWS sizing basis was the VWO heat balance for WCGS, a maximum design
supply temperature of 80°F, and a temperature rice of 30°F. The circulating water
design flow rate of 530,000 gpm was used as a basis for evaluating the adequacy of
the main condenser, as part of the power rerate turbine-cycle heat balance
calculations. The calculated circulating water temperature rise, based on a supply
temperature of B0OF, across the main condenser is 30.2°F for Case 1AB, 30.4°F for
Case 2AB, and 30.89F for Case 3AB. Also, actual operating information from Wolf
Creek and other power plants note that a 40 OF rise in temperature across the
condenser does not create an unreviewed environmental question. That is, ‘t will not
significantly increase previously evaluated impacts, change eifluents, or constitute an
impact not previously reviewed Based on the preceding, it can be concluded that the
Circulating Water System is adequate to support power rerate to the 3565 MW! reactor
power level
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B. Reactor and Steam Generator Controls and Auxiliary Systems
1. Reactor Makeup Water (BL)

The reactor makeup water system (RMWS) receives filtered, deaerated demineralized
water from the demineralized water storage and transfer system and from several
systems that process waste water to be recycled within the plant. The reactor makeup
water system stores the water to be used in the plant on demand for primary makeup
water requirements. The RMWS has no active safety design basis.

A review of the systems and components supplied by the RMWS indicates that there
will be no significant changes in Reactor Makeup Waier demand or consumption as a
result of power rerate. Therefore, the existing reactor makeup water system is
adequate to support power rerate to the proposed 3565 MWt reactor power level.

2. Steam Generator Blowdown (BM)

The Steam Generator Blowdown System (SGBS) is designed to maintain the steam
generator secondary side water chemistry within the specifications prescribed by the
NSSS Supplier while recovering heat from the blowdown and treating the blowdown for
return to the condenser.

Portions of the SGBS have safety design bases such as remaining functional following
a DBA or a postulated hazard, withstanding the effects of natural phenomer.a, and
maintaining the isolation capability of the secondary side of the steam generators.

The SGBS is designed to ensure treatment of up to 176,000 Ib/hr (44,000 Ib/hr per
steam generator) during power generation, and maintain the plant effluent within the
radiological specifications for plant discharge during abnormal operation with
primary-to-secondary steam generator leakage. The SGBS flow rates are adjusted
from approximately 30,000 Ib/hr to 130,000 Ib/hr to match the variable nature of
secondary water chemistry. Steam generator blowdown flow rates are a function of the
plant steaming rate, which will increase approximately 5% over the current, 100%
power condition due to power rerating. Since the blowdown rate is administratively
controlled based on the steaming rate and the secondary side water chemistry, the only
significant change in the SGBS operation due to power reraie will be that, due to the
reduction in steam generator pressure, the blowdown control valves wi!! have to be
throttied further open to achieve a higher blowdown flow rate, as compared to the
current (100%) power condition. However, adequate margin exists in the blowdown
flow control valves to accommodate the pressure decrease and increased blowdown
flow rate at the target operating condition (Cas2 2AB). Therefore, the SGBS is
adequate to support nperation at the proposed power rerate condition.
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Tabie IV.C-1

TURBINE GENERATOR AND AUXILIARY SYETEMS

D. Equipment Cooling Water Systems

Service Water (EA)




The SWS provides cooling water at a maximum temperature of 90°F to the
components in Table IV.D-1 (the values in parenthesis indicate the number of
components in use during full power operation).

Table IV.D-1
SERVICE WATER 3YSTEM COOLING LOADS

Closed Cooling Water Heat Exchangers EEBO1A B (2)

Central Chiller Condenser Units SGBO1A B (2)

Steam Packing Exhauster ECAD1 (1)

Air Compressor & After Cooler CKAO1C (1)

Generator Hydrogen Coolers ECCO1AB (2)

Generator Stator Liquid Coolers ECEO1A B (2)
Turbine-Generator Lube Oil Coolers ECBO1A B (2)

Chemical & Volume Control System Chiller SBG02 (1)

Steam Generator Blowdown Non-Regenerative Hx EBMO02 (1)
Condenser Vacuum Pump Seal Water Coolers ECG01A,B,C (3)
Water Box Venting Pump Seal Water Coolers EDA01A B,C (3)

In addition, the SWS provides cooling water to the Essential Service Water System
(ESWS) to remove Component Cooling Water System loads during normal operation.
Based on a review of the normal operation CCW system cooling loads, there will be no
increase in any CCW system cooling loads for power rerate.

The normal (100% power uperation) SWS flow rate is 18,153 gpm to non-essential
components and 24,282 gpm to ESWS components, for a total of 44,435 gpm, based
on a service water supply temperature of 90°F

Some of the components (Table IV.D-1) cocoled by the SWS will experience slightly
higher heat loads while operating at rerated power conditions, as compared to the heat
loads applicable at the current 100% power condition. However, heat loads for these
components were based on component design requirements corresponding to the
VWO operating condition. Therefore, based on the margins designed into the SWS,
the system is adequate to support power operation at the proposed power rerate
condition.
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3. Essential Service Water (EF)

The Essential Service Water System (ESWS) consists of two redundant cooling water
trains and provides cooling watar to plant components requiring cooling for safe
shutdown of the reactor following an accident

The ESWS also provides emergency makeup to the spent fuel pool and the component
cooling water system. The ESWS is the backup water supply for the auxiliary
feedwater system

New analysis of the heat inputs to/from the Component Cooling Water System and
Containment Air Coolers, including power rerate changes, for normal and Post-LOCA
operation determined no significant increases outside original bounding conditions or
analyses. Though there is a slightly higher heat input to the ESWS when integrated
over a period of time, the peak heat inputs to the ESWS are less than the current
expectations

All other heat inputs to the ESWS are unaffected by rerate. Therefore, the ESWS is
adequate to fulfill its safety design functions at power rerate conditions.

Iti i

This section addresses operation at 104 5% power and it's effect on the UHS thermal
performance with respect to the design basis temperature of the cocling water supplied
to the plant.

The heat rejected from the plant to the UHS has been tabulated for the proposed
operation at 104.5% power for the worst case (normal and/or acciderit) condition that
would require shutdown after a main dam failure.

The minor changes in heat rejection (0.2% increase for LOCA) were evaluated for their
potential to change the results of the current transient thermal analysis The effect on
the UHS outlet temperature (plant inlet) due to this increase is minor compared to the
natural heating from the environment. Any change in the lake outlet temperatures for
the worst condition would be insignificant, less than the accuracy of the LAKET
computer program which reperts results to the nearest 0.01 OF

The current UHS thermal analysis remains valid at conditions of 104 5% power as

proposed by the Power Rerate Program and conditions outlined in USAR Section
925256
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4. Component Cooling Water (EG)

The Component Cooling Water System (CCWS) provides cooling water to selected
nuclear auxiliary components during normal plant operation and will provide cooling
water to engineered safety feature systems during a loss-of-coolant accident (LOCA)
This system is a closed loop system which acts as an intermediate barrier between the
Essential Servive Water System (ESWS) or the Service Water System (SWS) and
potentially radioactive systems.

A review of the CCWS heat loads after power rerate find that normal and accident heat
loads after power rerate are bounded by pre-rerale analyses The only significant
affect of rerating on the CCWS is slightly elevated long-term heat removal
requirements However, the maximum heat removal requiremen' at rerate conditions is
less than or equal to current heat removal demands

§. Containment Spray System (EN)

The two functional objectives of the containment spray system (CS8S) as an engineered
safety feature are: 1) to reduce the containment atmosphere temperature and pressure
in the event of a loss-of-coolant accident (LOCA) or a main steam line break (MSLB)
inside containment and 2) to limit the offsite radiation levels in the event of a postulated
LOCA The systom provides two mechanisms to meet these objectives:

a The containment spray system delivers cold spray chemical solution water to the
containment to reduce the aimospheric temperature and pressure, and thereby
diminishes the driving force for leakage of fission products from the containment
to the environment.

b. The containment spray solutions' chemical characteristics enhance the removal
of the airborne fission products from the atmosphere. Thus, the containment
spray system serves to reduce the airborne fission product inventory available
for leakage.

Based on new pressure/temperature models of the LOCA and MSLB events, including
new rerate conditions, the old existing analyses are still bounding.

A review of the off-site and control room dose calculations with the new rerate
conditions notes that doses will not increase beyond current estimated levels in either
area.

The Containment Spray System chemical addition - will be readjusted to assure
sufficient NaOH is delivered to accommodate 2500 ppm boron in the RCS. This will
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occur because of the potential need for chemistry control of the containment sump in
the event of a LOCA

Therefore, the CSS is adequate to support power rerate

E. Plant HVAC Systems
1. Central Chilled Water (GB)

The central chilled water systern supplies cooling water 1o the cooling coils located in
various rooms and areas of the plant to provide a suitable environment for personnel
and equipment. The system has no safety design basis. Based on a review of the
areas and equipment cooled by the system, the equipment and area heat 1oads are not
expected to change due to power rerate  Therefore, the existing Central Chilled Water
System is adequate (o support power rerating to the proposed 3565 MW! reactor power
level

2. Fuel Building HVAC (GG)

Tho fuel building HVAC system provides conditioned outside air for ventilation, cooling
and heating of the Fuel Building, collects and processes airborne particulates follov.ing
a postulated fuel handling accident, provides a suitable ambient temperature for the
SFP pump motors and provides supplemental fuel building heating. A review of the
sources of heat loads, ventilation requirements, heating requirements and fission
product scurce terms indicates that power rerating will not adversely impact this
system  Therefore, the existing fuel building HVAC system is adequate to support
power rerating to the proposed 3565 MW! reactor power level

3. Auxiliary Building HVAC (GL)

The auxiliary building HVAC system provides conditioned outside air for ventilation and
cooling and heating of various areas of the auxiliary building, collects and processes
airborne particulates during normal operation and post-LOCA, provides a suitable
ambient environment for the electric motor drives for ECCS pumps and provides
supplemental building heating when required. A review of the sources of heat loads,
ventilation requirements and heating requirements indicates that power rerating will not
have any effect on this system. Therefore, the existing Auxiliary Building HVAC System
is adequate 10 support power rerating
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Case 2AB, all RCS system temperatures decrease, as compared to the current design
(100% power) case Therefore, the power rerate will not have an adverse impact on
the containment heat loads, and the containment cooling system is considered
adequate during normal plant operation to support power rerating.

6. Containment Atmosphere Control (GR)

The containment atmosphere control system (CACS) reduces the concentration of
radicicdine and particulate activity within the containrent prior to and during personnel
access or purging of the containment during reactor power operation. The CACS
collects and processes airborne and particulate fission products through charcoal
adsorbers. Prior to entrance into containment during reactor power operation, the
CACS operates in conjunction with the mini-purge system to maintair operator
exposure from airborne activity to less than those specified in 10 CFR 20. The CACS
performs no safety function.

The effect of power rerate on the normal operating radiciodine and particulate activities
within containment will be to increase the activity leveis approximately in proportion to
the increase in reactor power level, or ~4 5% The effect of this increase would, at
most, result in a slight increase in the frequency for particulate filter and/or charcoal
adsorber replacement. Based on the original design margins incorporated into the
system, and the negligible impact expected on the containmert normal operating
radiociodine and particulate activities due to power rerate, it can be conc.uded that the
Containment Atmosphere Control System is adequate to support power rerating to the
3565 MW! reactor power level.

6. Containment Hydrogen Contiol (GS)

Power rerate would potentially impact the performance of the Containment Hydrogen
Control System (GS) if it results in an increase in the hydrogen generation rate, or
increases the total quantity of hydrogen in containment. The significant sources of
hydrogen in containment post-LOCA include, (1) metal-water reaction, (2) radiolytic
decomposition of post-LOCA emergency cooling solutions, and, (3) corrosion of metals
and paints by solutions used for emergency core cooling or containment spray. The
GS system is designed to maintain the containment hydrogen concentration below
4.0% by volume, post-LOCA.

The WCGS containment post-LOCA hydrogen generation analysis was reviewed to
identify any impact due to power rerate. With respect to metal-water reaction,
Westinghouse has indicated that the origiral assumption used in the hydrogen
generation analysis to conservatively estimate the hydrogen evolved from the
zirconium-water reaction remains applicable for power rerate (i e, the total amount of
hydrogen generated from the chemical reaction of the fuel cladding with water or steam
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does not exceed 1% of the hypothetical amount that would be generated if all of the
metal in the fuel cladding were to react) There will be no measurable increase in
hydrogen generation for pawer rerate due to radiolysis, since the current hydrogen
generation analysis is based on a rexctor core power of 3636 MWL, or 102% of the
power rerate reactor core power of 3565 MWt

Although power rerate will not ada aluminum or zinc bearing materials to the WCGS
conta nment, the applicable LOCA analysis does result in an increase in the long term
containment temperature profile, due primarily to a reduction in Essential Service
Water flow to the containment air coolers Since corrosion rates increase with
increasing temperature, the rate of hydrogen evolved from the corrosion of metals and
paints in containment by ECCS or Containment Spray fluids, was reviewed for power
rerate. The results of this review indicate that the containment atmosphere hydrogen
concentration will reach 3% by volume in approximately 8 5 days, based on hydrogen
evolved from the three major sources listed above, and the current inventory of
aluminum, zinc and zinc-based paints in containment. Th's duration was calculated
assuming, conservatively, no operation of the existing hydrogen recombiners.
Therefore, the rate of hydrogen generation, post-LOCA, for power rerate is bounded by
the current hydrogen generation analysis It can therefore be concluded that the
existing Containment Hydrogen Control System s adequate for power rerate.

7. Containment Purge (GT)

The containment purge system reduces the concentration of noble gases within the
containment prior to and during personnel access during reactor power operation and
maintains a suitable environment during cold shutdown. The system consists of the
shutdown purge sub-system and the mini-purge sub-system. Prior to personnel
entrance into containment, the mini-purge system operates to reduce the containment
noble gas concentration. During cold shutdown, fresh outside air is supplied by the
containment shutdown purge sub-system and exhausted by the containment shitdown
purge exhaust fan via a filter adsorber unit and then vented under monitored
conditions. In addition, the GT System provides an alternative means to the
Containment Hydrogen Control System for reducing hydrogen gas concentrations
within containment, post-LOCA The safety design bases of the GT System include
containment isolation design provisions applicable to the shutdown purge and
mini-purge containment isolation valves.

As addressed in the evaluation for the Containment Hydrogen Control System, the
post-LOCA hydrogen generation rate applicable to power rerate is bounded by the
original analysis. The other functions of the GT System are not significantly affected by
power rerate, as they are dependent upon the normal operating containment noble gas
concentration, and the cold shutdown, containment ambient conditions. The only other
impact that power rerate could potentially have on the GT System relates to the ability
of the containment mini-purge isolation valves to close during the first few seconds of a
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4. Boron Recycle (HE)

The boron recycle system collects borated radioactive water from the reactor cooiant
system and other process system components. Borated water is processed into
reusabie water and boric acid for makeup to the reactor coolant system. Westinghouse
has indicated that any changes in the reactor coolant system boron concentrations due
to power rerating will be insignificant, and no change in the boron concentration is
planned for power rerate. The boron recycle system functions as a batch process and
changes in demand (if any) due to power rerate can be accommodated by changing the
frequency of processing. Therefore, the existing boron recycle system is adequate for
power rerating to the proposed 3565 MW! reactor power level.

5. Secondary Liquid Waste (HF)

The secondary liquid waste system processes potentially radioactive liquid wastes
collected in the Turbine Building, including deep bed condensate demineralizer
regenerant waste and Turbine Building floor and equipment drains. Westinghouse has
Indicated that there will be no changes in the concentration or quantities of the fission
products in the source liquids due to power rerating. The WCGS fission product
source terms used for the design of the Secondary Liquid Waste System were based
on a reactor power level of 3565 MWt The design basis allowable
primary-to-secondary leakage rate will not be changed due to power rerating. Further,
the secondary liquid waste system functions as a batch process and changes in
demand (if any) due to rerating.can be accommodated by changing the frequency of
processing. Therefore, the existing secondary liquid waste system is adequate for
power rerating to the proposed 3565 MW!t reactor power level.

G. Main Generator and Auxiliary Systems
1. Main Generator (MA)

The function of the Main Generator (MA) System is to convert the mechanical energy
produced by the Main Turbine into electrical power and transmit it through the isolated
phase bus and the main step-up transformer to the off-site power system. It also
serves o step down voltage through the unit auxiliary transformer for normal operation
of the plant unit auxiliaries. Transient Recovery Voltage (TRV) Surge Capacitors are
used to limit the TRV rise time on the downstream 13.8 KV circuit breakers. The MA
system has no safety design basis.

The plant main generator |s rated at 1236 MWe (1,373 1 MVA X 0.9pf) gross electrical

output. Therefore, the main generator has adequate capacity to support the power
rerate to a reactor power level of 3565 MW!, which corresponds to an electrical output
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of approximately 1228 MWe for Case 1NB, and 1214 MWe at the target operating
condition, Case 2AB

The unit auxiliary transformer has adequate capacity to supply both Group 1 and Group
2 auxiliary loads of the plant to permit full power operation. The forced air cooling
equipment on the isolated phase bus has sufficient redundancy so that failure of any
one active component will not require a reduction in load on the main generator.

The Main Generator system protective relay settings were reviewed to evaluate the
impact of power rerating, and it was determined that no revisions are required to the
present relay settings. Power rerate has no impi <t on the TRV surge capacitors.
Based on the preceding, it is concluded that the Main Generator System is adequate to
support power rerate

Main Step-Up Transformers

The main step-up transformer consists of three (3) single phase units rated 415 MVA
each. The anticipated generator output (1,365 6 MVA) after the 4. 5% unit uprate
showed that the capacity of the main transformers would not be adequate. WCNOC
will modify the transformers to provide a new nameplate rating of 448.2 MVA. This is
an increase of 8% which will result in a main transformer capability of 1344.6 MVA.
The unit auxiliary transformer will consume approximately 45 MVA, therefore the gross
generating capacity minus the unit auxiliary loads (1365 6 MVA - 45 MVA = 1320.6
MVA) provides a sufficient margin of capacity (1344 6 MVA - 1320.6 MVA = 24 MVA).
The increase in transformer nameplate rating is accomplished by installing a larger
capacity oil cooling system.

2. Excitation and Voltage Regulation (MB)

The function of the Excitation and Voitage Regulation System is to provide the source
of field current for excitation of the Main Generator and to control generator voltage by
controlling its excitation through voltage regulation. The MB system has no safety
design basis.

The excitation and voltage regulation system permits continuous full power operation of
the main generator. The excitation system has a minimum base voitage response ratio
of 0.50. The performance of the regulation with one rectifier section out of service
remains 100% of normal operation. The generator CT's and PT's used with the
regulation system cannot be shared with any other burden.

The existing exciter and voltage regulation system has adequate capacity to support

power rerate to a reactor power level of 3565 MW!t, which corresponds to an electrical
output of 1214 MWe, at the target operating condition, Case 2AB.
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3. Startup Transformer (MR)

The function of the startup transformer system is to receive power from the offsite
source and step down the voltage to supply the onsite electrical distribution system for
the startup and shutdown of the nuclear generating unit. The startup transformer also
serves as the source of power for one load group of the Class 1E power system.
Transient Recovery Voltage (TRV) Surge Capacitors are provided to limit the TRV rise
time on the downstream 13 8 KV circuit breakers.

The startup transformer is connected to an independent and redundant off-site power
source and supplies the Class 1E System as one of two preferred, redundant sources
The startup transformer has adequate capacity to supply both Group 1 and Group 2
auxiliary loads to permit full power operation of the generating unit.

The startup transformer is a 3 Phase, oil filled, OA/FA/FOA, 60/80/100 MVA with H
winding: 345 KV wye, 1050 KV BIL, and X/Y windings. 13 8 KV wye, 110 KV BIL double
secondary The startup transformer feeds two 13 8 KV buses and a second ESF
transformer, XNBO2. In the event that the generator or unit auxiliary transformer is
taken out of service, the startup transformer will supply the total auxiliary system loads.
If the startup transformer fails to provide preferred power to ESF transformer XNB02,
the offsite power supplied by alternate source through ESF transformer XNBO1
provides power to 4 16 KV Class 1E buses so that the system is not affected. The
offsite power circuits, including the transformers and cables, have been sized to carry
their rated loads continuously.

Power rerate will result in slight increases in the loads on the MR system as follows:

a The four (4) Reactor Coolant Pump (RCP) motors, which are fed from PAO1 &
PAO2, will exceed their nameplate rating (7000 HP) and cold loop.rating (8750
HP) by 92 HP & 324 HP, respectively, for the most limiting power rerate
condition (10% SGTP). These increases in RCP motor loads have been
reviewed by Westinghouse and found to be within the capabilities of the existing
motors.

b. The three (3) Condensate Pump motors, which are fed from PB0O3 & PBO4, will
drive loads slightly above their present uperating loads, but balow their full load
nameplate rating (3500 HP).

¢. The two (2) Heater Drain Pump motors, which are ted from PB03 & PB04, will

drive loads slightly above their present operating loads, but below their full load
nameplate rating (1500 HP)
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The startup transformer protective relay settings were reviewed to avaluate the impact
of power rerating, and it was determined that no changes are required to the present
relay settings

Basad on the preceding, the MR System is adequate to support power rerate.

4. Switchyard (S4)

The function of the switchyard is to tra. .smit power from WCGS to the owner utility
transmission system. The $4 system has no safety design basis.

The conductors from the main transformer high voltage terminals to the 345 kv
switchyard bus are presently two (2) 954 ACSR (aluminum conductor stee! reinforced)
per phase. This installation limits the output to 2000 amperes per phase. The increase
in unit output could potentially result in 2250 amperes per phase. Western Resources
Engineering has evaluated the situation and determined that new conductor will be
necessary to carry the additional amperes. The final design has not yet been finalized
however it is anticipated that the new conductors will be 1590 ACSR. This will increase
the line capacity to 3000 amperes.

Generator disconnect switch 345-55 is rated at 2000 amperes and is required to carry
full unit output. The anticipated unit output could potentially be as much as 2250
amperes. Western Resources Engineering has determined that it is necessary to
increase the capacity of the switch. Tha increase in the switch rating will be
accomplished by a "line parts" change out which will increase the switch capacity to
3000 amperes.

The geerator output breakers are rated at 2000 amps each continuous operation and
are acceptable for the uprated conditions. Howaver a concern would arise should the
plant experience a breaker trip on either one of t 1e two breakers, 345-50 or 345-60. In
this case, all generator output current would be rorced through one breaker which could
exceed the rating of 2000 amps for the remaining breaker. Load reduction on the
generator output would need to be performed to bring the breaker loading within the
ampere rating of 2000 amps. The system is acceptable for cperation at its present
configuration, however the system is under evaluation to predict the conditions at which
generator output would be reduced should either of the two breakers be lost.
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H. Onsite Power and Electrical Distribution Systems
1. 4.16 KV AC Lower Medium Voltage (Class 1E) (NB)

The function of the lower medium voltage system is to receive power from the two
12/16 MVA T"ngineered Safety Features (ESF) transformers and distribute it to the two
redundant load groups in the Class 1E system. Load Group 1 is served by 4.16 kV Bus
NBO1 and Load Group 2 is served by 4 16 kV Bus NB02.

The 4.16 kV Class 1E system distributes power to all safety-related loads, required for
normal power generation, as well as for safe shutdown of the unit. Each 4.16 kV load
group is supplied by two preferred power supply feeders and by one diesel generator

supply feeder

The ESF transformer is 3 phase, outdoor OA/FA, 12/16 MVA, 13.8 kV delta primary,
4.16 kV wye secondary with neutral grounded through resistor. The 4.16 kV switchgear
is arranged in two buses, NBO1 & NR0N2, and rated at 350 MVA, with a main bus
continuous rating of 2,000 amperes and load breaker continuous rating of 1,200
amoneres.

A review of the NB System protective relay settings indicates that no changes are
required to support power rerate.

There are no changes required in ESF aquipment loads due to power rerate. Based on
the preceding, the existing Lower Medium Volitage System is adequate to support
power rerate.

2. Standby Diesel Generator (Class 1E) (NE)

The function of the Standby Power Supply System is to provide power to the essential
loads required for safe shutdown and isolation of the reactor in the event of a loss of
the preferred power scuive.

The standby power supply system consists of two diesel generators, each connected
exclusively to a single associated 4.16 kV Class 1E bus of a load group (Bus NBO1 -
Load Group 1, Bus MBO02 - Load Group 2). Each diesel generator has a continuous
rating greater than the sum of the loads required to satisfy the load demand caused by
a LOCA and loss of the preferred power supply. Each diesel generator set capacity
was established in accordance with Regulatory Guide 1.9, and each diesel generator is
connected exclusively to a single associated 4.16 kV safety ‘eatures bus with no
provisions for perallel operation with the redundant diesel generator.

There are no changes required in ESF equipment loads due to power rerate.

Therefore, the existing Standby Diesel Generator System is adequate to support power
rerate.

3-137



; Low ‘v"("/“d\'_]{‘ ((:!c)SS 1E) (Pi(‘>)

v/ o

kA RMS syn




5. 120V Instrument AC Power (Class 1E) (NN)

The function of the Class 1E Instrument AC Power System supplies power for vital
instrumentation and control loads requirea for safe shutdown of the reactor as well as
power genaration.

Four independent, Class 1E, 120 Volt vital instrument AC power supplies are provided
to supply the four channels of protection and reactor control systems. Each vital
instrument ac power supply consists of one inverter, one distribution bus, and one
manual transfer switch. No new Class 1E, 120 VoIt AC loads will be added, and the
existing system loads will not be increased due to power rerate. Therefore, the existing
NN System is adequate to support power rerate

6. 13.8 KV AC-Higher Medium Voltage (PA)

The function of the 13 8 kV Higher Medium Voltage System is to supply power at 13.8
kV for all non-safety related loads from each of the two 13.8 kV buses, PAO1 and PA02.
Each bus is supplied from one of the two secondary windings of both the start-up and
the unit auxiliary transformers. The 13.8 kV system supplies power to the Reactor
Coolant Pumps and on-site loads. The system also supplies power to the non-Class
1E 4 16 kV system (PB) and non-Class 1E 480 VoIt System (PG). In addition, the 13.8
kV system also distributes power from one winding of the Startup Transformer to ESF
Transformer XNBO2, thus providing one source of off-site power to the Class 1E 4.16
kV system (NB).

The 13 8 kV switchgear rating for the PA system was reviewed to determine the impact
of the power rerate. The two 13 8 kV buses, PA01 & PAD2, are rated at 1000 MVA, 15
kV with a main bus continuous current rating of 3000 ampere and are not adversely
impacted by power rerate

The 13.8 kV system supplies power to the four Reactor Coolant Pumps (RCP), two from
each bus. Based on the power rerate parameters, the RCP motors are capable of
operating continuously at the new hot loop load point which exceaeds the nameplate
rating of 7000 HP by 92 HP, and the new cold loop load of 907 . 1P, which represents
an increase of 324 HP over the existing cold loop rating of 8750 HP. These increases
in RCP motor loads have been reviewed by Westinghouse and found to be within the
capabilities of the existing motors. The change in the motor HP has no impact on relay
set points, breaker capacity or cable sizing.

Based on the preceding, the 13 8 kV Higher Medium Voltage System is adequate to
support power rerate.
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7. 4.16 KV AC-Lower Medium Voltage (PB)

The function of the 4,16 kV Lower Medium Voltage System is to receive power from the
13.8 kV system (PA) buses through two Station Service Transformers which step down
the voitage to supply the two 416 kV buses, Bus PB0O3 and Bus PBO4. The system
provides power to non-safety-related 4 kV motors required to support normal power
operation. The system includes two Station Service Transformers (XPBO3 & XPB04)
rated at 12/16 MVA, OA/FA, 13 .8 kV delta primary, 4.16 kV wye secondary with neutral
grounded through resistor. The twe buses, PBO3 and PB04, are rated at 350 MVA,
4.16 kV with a main bus continuous current rating of 2 000 amperes. The Condensate
Pump motors (3,500 HP) and Heater Drain Pump motors (1,500 HP), fed from PBO3
and PB0O4, will operate at slightly higher loads at power rerate, but will not exceed their
nameplate ratings. Review of the ratings of the Station Service Transformers and 4.16
kV switchgear FBO3 and PB04 indicates they are adequate to support power rerate. In
addition, a review of the protective relay settings for the PB System indicates they are
adequate to perform their protective functions at the power rerate loads. Based on the
preceding, the PB System is adequate to support power rerate.

8. 480 VAC Low Voitage (non-Class 1E) (PG)

The function of the non-Class 1E Low Voltage System is to distribute power at a
nominal 480 volts to all nonsafety-related loads. The PG System is divided into two
groups which normally supply power to motors below 250 hp and other
nonsafety-related loads required for the normal operation of the generating unit. The
PG System has no safety design basis.

The load center unit substations consist of an incoming line section, transformer, and
low voltage section with metal enclosed drawout power circuit breakers. The motor
control center sections are divided into individual compartments for isolation of
combination breaker, motor starter, and feeder tap load circuit breakers. The majority
of the load center unit substations are supplied power from 13.8 KV buses PA01 and
PAD2

No new loads will be added, and the existing system loads will not increase due to
power rerate. Therefore, the existing PG System is adequate to support power rerate.
9. 250V DC (non-Class 1E) (PJ)

The function of the non-Class 1E 250 Volt DC System is to supply non-vital dc motors,

such as the emergency lube oil pumps and emergency seal oil pumps. The PJ System
has no safety design basis.
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The Nuclear Sampling System, consisting of the primary (reactor coolant and auxiliary
systems) and radwaste sampling systems, is an intermittent, manually operated system
with the exceptions of continuous monitoring of the steam generator blowdown samples
for radioactivity and reactor coolant letdown fiuid sampling for failed fuel monitoring.
Both on-line and grab sampling capabilities are available from the Post-Accident
Sampling System Primary system process conditions will not change significantly due
to power rerate, nor will postulated post-accident process fluids. The Nuclear Sampling
System and Post Accident Sampling System sample conditioning equipment is capable
of handling the minor changes in Primary and Post-Accident process fluids due to
power rerate  Therefore, the SJ System is adequate to support power rerate.

V WCGS PROGRAM REVIEWS
A. Pressurizer Sub-compartment Pressure/Temperature Analysis

The mass and energy releases from the pressurizer surge line break are currently
bounding for the pressurizer sub-compartment. Westinghouse indicates that the mass
and energy releases from the surge line break are strongly affected by the initial
temperature conditions of the fluid (RCS), and that due to the reduction in the initial
temperature (Case 3), the peak mass and energy releases will increase by 15% due to
power rerate.

In order to evaluate the effect of this increase on the pressurizer sub-compartment, this
sub-compartment pressure-temperature analysis was rerun using a uniform 15%
increase in all time dependent mass/energy release values. The results of this
re-analysis indicate an increase in the peak pressures of up to 2.5 psi, and ar increase
in peak temperatures of up to 69F However, the new pressure values remain below
the original compartment structural design pressure. The new temperature values have
no impact on existing analysec, and remain below the temperatures used for
qualification of equipment in containment. Table V-1 provides a comparison of the
original values and the new vaiues applicable for the limiting power rerate case (Case
3).
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Table V-1

Comparison of Pressurizer Sub-Compartment Peak
Pressure/Temperature Response to a Pressurizer Surge Line Break

Existing Results _ Power Rerate Results

P P Time T Time P P Time T Time
COMPARTMENT (FBRS  (IBRY  (sec) (P12 (sec) (IO (IO (sec) (F7®*  (sec)

1 221 73 038 2260 156 2386 88 056 2314 147
2 205 58 042 221.3 188 214 67 041 2266 180
3 164 07 506 2126 505 166 08 500 2139 500
4 26.7 120 014 2379 065 283 13.6 014 2433 0ed
5 19.0 42 069 2239 124 204 5.7 058 2280 A19
6 269 122 015 2401 059 284 14.7 016 2459 044
7 249 10.2 028 2201 164 26.7 120 028 2361 160
8 228 8.1 043 2234 382 244 97 067 226.7 280
9 1.7 7.0 057 2192 605 226 79 066 2213 500
10 166 08 506 2128 505 16.8 1.5 500 2145 500
11 16.3 - 605 1200 016 154 0.7 500 120.0 015

Note The above results are based on Initial conditions of 120F, 14 7 psia, and 50% relative humidity in all
sub-compariments

Based on the results of the Pressurizer Sub-compartment Pressure/Temperature
re-analysis, it 1s concluded that power rerate will not have an adverse impact on the
pressurizer sub-compartment.
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B. Radiological Source Terms for Environmental Qualification and Shielding
Design

Radiological doses due to power uprating would normally be expected to increase in
proportion to the change in reactor core power, or approximately 4. 5% for the proposed
WCGS power rerate. Therefore, a review was performed to determine the impact of
power rerating on WCGS shielding and equipment qualification (EQ) radiological
doses, inclusive of the change in fuel cycle from 12 months to 18 months, to support
the power rerate program. The results of this review yield the following increases in
radiological doses:

1. ~B% increase in doses from Source A
2. ~42% increase in doses from Sources B and C
3. < 1% increase in airborne gamma doses in containment

Wheie: 1. Source A = Radioiodines and Noble Gas source
2. Source B = Reactor Coolant System source post-LOCA
3. Source C = Containment Sump source post-LOCA

1. The estimated 8% increase in Source A doses result in less than a 1% increase in
total gamma energy, and an approximate 8% increase in the semi-infinite beta dose
in containment. These increases will have no effect on shielding design, as the
existing margins in the WCGS EQ and shielding designs far exzeed the impact of
these increases. The effect of these dose increases is not expected to impact
equipment qualification

2 The estimated 42% increase in doses from Sources B and C is due primarily to
Cesium 134 The NUREG-0588 design basis for the WCGS conservatively
assumed 50% of the total available Cesium is released to the containment at time
zero, post-LOCA. Due to conservatisms in the original equipment specifications,
most components were originally qualified to the resultant radiation levels. For the
isolatec cases where the 50% Cesium source term proved too severe, the
equipment was evaluatec against, and qualified to the 1% Cesium source term

For a limited number of the components originally qualified to the 50% Cesium source
term, the new power rarate doses may be too severe. In such cases, the affected
components will be reviewed to confirin they are qualified for the 1% Cesium source
term. For components originally qualified to the 7% Cesium source term, the estimated
increase in dose is approximately 5%, and therefore, are not expected to be limiting for
EQ due to the existing design margins
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3. The estimated increase of less than 1% in the airborne gamma doses in
containment is not expected to be limiting for EQ or shielding due to the existing
design margins

Based on the preceding, it is concluded that radiologica! doses as applied to plant
shielding and environmental qualification of safety-related electrical equipment will not
be limiting for power rerate

C. ALARA

Radiation sources used as the basis for the design of personnel protection, including
ALARA, were based on a reactor thermal power level of 3565 MW!t, which is equivaient
to the proposed power rerate reactor core power level. ALARA reviews were begun
during the initial design phase of WCGS, and continued through final design and
construction. Design considerations and features intended to ensure ALARA doses
included (1) the incorporation of special design considerations into equipment
specifications, (2) application of the (design) Scale-Model Program, (3) ALARA design
reviews, and, (4) the implementation of radiation protection design features such as the
use of a packless, low-leakage, ball-type pressurizer spray valve, provisions for the
continuous stripoing of noble gases from the reactor coolant system, the provision of a
mini-purge system to permit purging of the containment during power operation, prior to
operator access, and the provision of a containment atmospheric control system to
remove air-borne iodine from the containment.

The crud leveis in the reactor coolant are controlled by reactor coolant water chomistry
control, corrosion rates and materiais. These aspects will not change due to power
rerate, therefore, there will not be a significant change in crud levels. From this, and
the design features incorporated into the original plant design, it can be concluded that
power rerate will not result in a significant impact on the WCGS ALARA program.
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D. Hazards
1. Piping Dynamic Loads

In order to assess the impact of power rerate on piping dynamic loads due to transients
(e.g., turbine trip, relief valve lifts, main feedpump trip), the bases of the piping
hydraulic calculations for the foliowing systems were reviewed against the power rerate
program process paramete’s.

AB - Main Steam

AC - Main Turbine

AE - Main Feedwater

BM - Steam Generator Blowdown
DA - Circulating Water

FB - Auxiliary Steam

FC - Auxiliary Turbines

GT - Containment Purge

Based on the results of this review, it was determined that, in most cases, the original
analyses bound the power rerate program process parameter s, due to conservatisms
incorporated into the original analyses. However, in the case of the Main Steam, Main
Turbine, Main Feedwater, and Containment Purge Systems, some degree of increase
in forces were identified for certain transients, ranging from 2% to 17%. In each of
these cases, the increase in dynamic loads was evaluated against the piping stress
and pipe support analyses to confirm piping stresses remain within allowables, and
support loads remain within acceptable design limits. Based on the results of these
evaluations, al' system piping and supports remain within allowable stresses and
design loads for power rerate. Therefore, it can be concluded that the dynamic loads
which result from operational transients (e.g., relief valve lifts, main feedpump trip,
turbine trip) at the power rerate conditions will not adversely impact the above systems.

2. Pipe Break

In order to assess the impact of changes in process parameters due to power rerate on
high energy line break (HELB) analyses for WCGS, the bases of the WCGS pipe break
calculations for the following high energy systems were reviewed against the power
rerate program process parameters.
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AB - Main Steam

AE - Main Feedwater

BB - Reactor Coolant

BG- Chemical and Volume Control
BM Steam Gengrator Blowdown
EM High Pressure Coolant Injection
EP - Accumulator Safety Injection
FB - Auxiliary Steam

FC- Auxiliary Turbines

HB- Liguid Radwaste

Based on the results of this review, the forcing functions for Pipe Whip and Jet
Impingement due to postulated pipe breaks were originally developed using
methodology based on one of the following three (3) conditions:

1. Superheated or Saturated Steam Breal Analysis
2. Saturated or Subcooled Water Break Analysis
3. Cold Water Break Analysis

in all cases, the original analyses are based on the maximum upset operating process
conditions, or were performed assuming (conservatively) cold water. These conditions
bound all normal operating and accident power rerate parameters, therefore, the
existing pipe break analyses bound for power rerate.

3. Flooding

The flooding rates estimated in the original WCGS flooding analyses are based on the
worst-case pipe failures in each room containing safety-related equipment. Calculated
flood levels are based on automatic isolation or operator action after a reascnable time
delay following detection of flow from the applicable pipe cracks or breaks. The
operator action time is 30 minutes plus any time required for the operator to travel to a
location outside of the main control room. For power rerate, flow rates in the main
steam, main feedwater and condensate systems will increase, as compared to the
current 100% power conditions. The safety-related plant areas which couid be
impacted by flooding due to an increase in the Main Feedwater, Main Steam and
Condensate System flow rates, are the Main Steam/Main Feedwater Isolation Valve
(MSIV/MFIV) Compartment and the Containment.

The maximum flood leve! in the MSIV/MFIV Compartment was originally based on a
main feedwater line break. The flood level in this area is tased on the storage capacity
of the condenser hotwell, assuming the condensate pumps trip on iow condenser
hotwell ievel. Since neither the condenser hotwell storage capacity, nor the condenser
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hotwell low level setpoint require revision for power rerate, the postulated flooding in
this area will not be impacted by power rerate.

The maximum calculated flood level inside primary containment is elevation 2004'-8",
due to a LOCA The next most limiting flood level inside primary containment is
elevation 2004'-5", and is the result of a Main Steam Line Break (MSLB). This level
was calculated based on a conservative operator action time (31.5 minutes), and mass
released into the containment from several sources, including Main Steam blowdown,
Auxiliary Feedwater addition and the Reactor Water Storage Tank. The total
calculated mass addition from all sources is approximately 3.8 x 106 lom. The total
mass released due to Main Steam blowdown, which is the only source that will increase
due to power rerate, is less than 8% of the total. Therefore, no significant change in
the maximum flood level due to power rerate is expected, since the main steam flow
increases by less than 1%

VI CONCLUSIONS

A detailed review for the impact of power rerating from a reactor power levei of 3411
MW to 3565 MWt has been conducted. In addition, review of WCGS Programs to
evaluate the impact of power rerate on 1) the consequences of a Pressurizer Surge
Line Break, 2) radiological source terms used for Environmenta' Qualification of
equipment and plant shielding design, 3) the WCGS ALARA Program, 4) piping
dynamic loads due to transients, and 5) the consequences of High Energy Line Breaks
have also been conducted.

Based on the review results presented in this report, the WCGS BOP and supporting
systems will support a power rerate from the currently licensed reactor power level of
3411 MW to an uprated reactor power level ¢f 2 "85 MWt Further, the WCGS
Programs will not be adversely impacted by power rerate. This power rerate is
estimated to yield an increase of 28 MW of turbine-generator electrical power output,
based on the target operating RCS T, _, reduction of 5°F Due to flow limitations in the
main turbine, operation at 104 5% of the current licensed reactor power, at the Case 3
power rerate conditions would require hardware modifications to the main turbine,
which are not planned at this time.
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3.7 OTHER SYSTEMS
3.7.1 Spent Fuel Pool

The current licensing basis thermal-hydraulic analysis for the Spent Fuel Pooi (SFP)
storage facility and accessories was performed with a heat load based on the decay
heat generation from the spent fuel assemblies (FAs) stored in the pool. The decay
heat generated by these spent fuel assemblies were calculated based on the
assumptions that tney have undergone different irradiations in the reactor at an ug rated
reactor power of 3565 MWt

The results of the SFP thermal hydraulic analysis show that the SFP cooling system is
capable of maintaining the SFP water temperature under the design limit of 135°F, with
one of the two fuel pool cooling trains operating and a heat load based on the decay
heat generation from a number of fuel assemblies that are projected to be discharged
from the core and placed in the pool 175 hours after reactor shutdown, plus 19
previous refueling batches already stored in the pool. With one fuel pool cooling train
operating, the analysis result also indicates that the pool temperature is maintained at
or below 160°F, assuming the full core offload has occurred 196 hours at‘er reactor
shutdown and the spent fuel storage racks are full (maximum storage condition). This
calculated "full core offioad” bulk temperature of the pool water is well below the boiling
temperature.

Based on these analysis results, it is concluded that the existing SFP cooling system
has adequate cooling capacity to accommodate the additional spent fuel heat load as a
resui. of implementing design change to operate the reactor at a higher power leve!
and, therefore, any conclusions that were based on the current licensing basis SFP
thermal hydraulic analysis remain valid for the power rerate program.

3.7.2 Steamline Break Mass/Energy Release Qutside Containment

Steamline ruptures occurring outside the reactor containment structure may result in
significant releases of high energy fluid (superheated steam) to the equipment
surrounding the steam systems. The impact of the steam releases on this equipment
depends upon the inass flowrate and enthalpy of the steam which is determined by the
plant configuration at the time of the break, the plant response to the break, as well as
the size and location of the break. Because of the interrelationship between many of
the facters which influence steamline break mass and energy releases, it is practically
impossible to determine a single "worst” case with respect to mass and energy release.
As a result, the steamline break mass/energy release calculations are analyzed for a
range of conditions. Specifically, a spectrum of steam line break sizes (4.6 ft2, 1.0 ft2,
0.7 ft2 and 0.5 ft2) at different power levels (102% and 70%) in the main steam tunnel
were postulated for the SNUPPS utilities. A break size of less than 0.5 2 was not

3-150



considered because it did not result in significant superheating of the steam until after
operator response time for terminating auxiliary feedwater.

In 1884, Wolf Creek joined the High Energy Line Break/Superheated Blowdowns
Outside Containment Subgroup of the Westinghouse Owners Group to sponsor a
program that addressed NRC concerns on the effect of superheated steam releases on
the environmental qualification of equipment located outside containment. Steamline
break mass and energy release analyses were performed to provide the participating

plants with data which could be used in plant-specific equipment qualification
evaluations. The results from these analyses were documented in WCAP-10961,
"Steamline Break Mass/Energy Releases for Equipment Environmental Qualification
Nutside Containment” For the analyses documented in WCAP-10961, the WCGS was
included in a plant category (Category 1) based on plant size and power level (4 loop,
3425 MWI), steam generator type (D4), and sieamline break protection system design.
The WCGS conform to these parameters with the exception of steam generator type
since the WCGS has Model F steam generators. A sensitivity study was performed
which compared Model F, Model D4, Model D5 and Modei 51 steam generator using
actual steam generator operating characteristics. This study demonstrated that use of
the Mode!l D4 steam generator was conservative for the WCGS i that peak break
enthaipy is 13 Btu/lb lower for the Model F steam generator for the steamline break
mass/energy release results

Sensitivity studies on core power have indicated that there is a small increase in break
flow, break energy and superlieat enthalpy as a result of increased power level, e g., 1
Btu/lb in peak enthalpy between 3425 MWt and 3579 MWt. The use of the Model D4
steam generator in the analysis ensures a conservative mass/energy release even for a
power level of 3579 MW, because the peak break enthalpy is conservative by
approximately 12 Btu/lb and the integrated break flow is lower by approximately 5% for
the Model F steam generators.

Based upon the above information, the calculated mass/energy release data that were

used in the previous evaluations of environmental yualification of equipment remain
bounding for the WCGS power uprating program
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Table 4-1

Summary of Technical Specification Changes for Power Uprate

Descripticn of Change

Rated Thermal Fower
Revised TA, Z, and S terms

Revised maximum indicated RCS Tayg

Revised maximum indicated RCS Tayg

4-2

Justfication

Definition of Core Rated Thermal Power
changed from 3411 MWt to 3565 MWt

OTAT / OPAT changos due to revised AT

Reduced operating temperature

Reduced operating temperature




4.3 SUMMARY OF USAR ASSESSMENT

Paragraph (e) of 10CFR50 71 provides the requirement to periodically update the
contents of the USAR originally submitted as part of the application for the operating
license. The intent is to maintain information in the USAR as the |atest material which
actually describes the current plant configuration. The information in the update is to
include the effects of any changes made to the facility or procedures as described in
the USAR In compliance with this regulation, revised sections of the Wolf Creek
USAR have been developed as appropriate which reflect the analyses and evaluations
that take into account operation at the rerated conditions. These revisions will be
incorporated into the Wolf Creek USAR on a schedule cunsistent with the annual
USAR update program



NO SIGNIFICANT HAZARDS EVALUATION (10CFR50.92)







Conglusion

Based upon the preceding analysis, it has been determined that the proposed change
to the Technical Specifications to increase the definition of RTP and change in
operating THOT does not involve a significant increase in the probability or
consequences of an accident previously evaluated, create the possibility of a new or
different kind of accident from any accident previously evaluated or involve a significant
reduction in a margin of safety. Therefore, it is concluded that the proposed change
meets the requirements of 10CFRS50 92(c) and does not involve a significant hazards
censideration
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6.0 ENVIRONMENTAL IMPACT DETERMINATION

This amendment request meets the criteria specified in 10 CFR 51.22(c)(9). Specific
criteria contained in this section are discussed below

(i) this amendment involves no significant hazards consideration

As demonstrated in Section 5, this proposed amendment does not involve any
significant hazards considerations

(ii)  there is no significant change in the types or significant increase in the
amounts of any effluents that may be released offsite.

This proposed license and technical specification change involves increasing reactor
thermal power approximately 4 5% and allowing operation at reduced THOT
temperatures (as much as 15 degrees F below current values). These types of
operational changes will not affect the types of effluents since no new process is
involved. However, some increase in radiological doses from the reactor coolant
system source terms inside the containment will occur. These increases will not affect
the shielding as the existing margins for exc2ed the impact of the increases. In
addition, the increases would be limited to the containment and would not be expected
to significantly impact the offsite release of effluents. Therefore, the revised source
terms will not result in any significant change in the types or significant increase in the
amounts or any effluents that may be released offsite.

(ili) there is no significant increase in individual or cumulative occupational
radiation exposure

As described above, the analysis shows the revised source term changes will not affect
the shielding design margins and are limited to areas within containment. Therefore,
there will be no significant increase in individual or cumulative occupational radiation
exposure associated with the proposed change.

Based on the above, there will be no significant impact on the environment resulting
from this change and the change meets the criteria specified in 10 CFR 51.22(c)(8) for
a categorical exclusion from the requirements of 10 CFR 51.21 relative to a specific
environmental assessment by the Commission



