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! agents or employees makes any warranty or representation or assumes any obligation, respon-
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sibility, or liability with respect to the contents of this report or its accuracy or completeness
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Ahstract

This document is a Supplement to the topical report descriNng the Conunonwealth lidison

Company (CECO) reload safety analysis methods for application to PWR nuclear generating

s ta tie n <.. It describes the changes made to the CI!Co safety analysis methodology as a result

of new technology acquired since the the original topical report analyses were performed.

Sample calculations are presented to demonstrate CECO's ability to perform the safety analyses

required for the licensing, operation, testing, and surveillance of a PWR reload cycle, including

those utilizing Westinghouse Vant".gv 5 fuel designs.
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1.0 littrodtictiori
1I

'lhe purpose of this topical report supplement is to document the changes made in the methodsi

described in the original topical report (Reference 1) that bas e been implemented due to recent

technology transfers with Westinghouse Electric Corporation. The methodology reported in

Reference I reflects the use of the Westinghouse Standard Thermal Design Procedure (STDP)

for Departure from Nucleate lloiling (DN!!) lirniting transients. This topical report presents

analyses performed using the Westinghouse Revised Thermal Design Procedure (RTDP) for

I DNil limiting transients (keference 2). The dillerences between the R'l DP and the si DP will

be discussed in this report. This methodology upgrade is being implemented to increase calcu-

I lated DNil margin for the first t-o reloads of Vantage 5 fuel in Zion (Zion 1: nit i Cycle 13 and

I xie" t:"ii 2 c> cic i >>. -hi<a iii "et <e"<"i" ietermedietc i ie siixi"8 <ii .si > s' ids. 1"c

RTDP will be used for safety analysis for all CECO PWRs using Westinghouse Yantage 5 and

| OFA fuel.

I Also, a description of Cl!Co's use of the Westinghouse methodology for calculation of the Re.

actor Protection System overtemperature delta T and overpower delta T (OTAT and OPAT)

saftry analysis setroints is included in this report.

I
The DNillimiting transients that are normally analyzed using the RTDP are listed bdow:

1. Uncontrolled RCCA Withdrawal at Power

2. (|ncontrolled RCCA Withdrawal from Suberitical

3. Dropped Rod

i 4. l.oss of Reactor Coolant Flow
|

| S. Locked Rotor '

! Pagei

I
I-
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6. l.oss oflixternal Electrical Load
,

"

7. l.oss of Normal Fee;watet

8. lixcessise lleat Removal due to Feedwater System Malfunction

9. lixcessive Lead increase
.

For this report, however, only the Loched Rotor and 1.oss of Flow events have been analyzed,

since these are typically the most limiting DNil events, and the application of the RTDP will
,

have a similar effect on the mimmum DNilR (MDNilR) results for all of the applicable tran-

| sientr.. This report is not intended to provide a detailed description of the transienta analyted
i

under the RTI>P, as this has been done in Reference 1, but will instead provide a brief de-

scription of the RTDP methodology and CI:Co's application.

it should be noted that some of the valua of various parameters used for Yantage 5 fuel (e.g.

RTDP uncertainties, nominal operating conditions, core bypass flow) are preliminary and thus

have been used in the analyses in this report to demonstrate the application of the new methods

that will be incorporated in CLCo's reload safety analyses. The results presented in this report

ere not intended to be used for a particular plant application, but rather to demonstrate the

calculational method employed. IFM grid inputs hv.e not bean included in these calculations,

as this information is not yet available from Wrsurhouse, ll M grid inputs will be determined

by Westinghouse and will be appropriately inn rporated into the Cl!Co licensing analyser when

they become available.

Section 2 of this report comains descriptions of the methodologies presented. Section 3 pro-

vides the results of sample calculations performed to illustrate the applications presented in this

report. Section 4 will summarize the conclusions of the analyses contained in this report.

I
Page 2
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| 2.0 Description of New Methods

2.1 Reilsed Therrnal Design Procedure (RTDP)

The Westinghouse Revised 'Ihermal Design Procedure (RTDP) will be used for the DNil lim.

iting transients listed in Section 1. CliCo's application of the RTDP is identical to the Wes.

tinghouse application described n: the approved WCAP ll397 P.A (Reference 2), except that

the VIPRE thermal hydraulic code (Reference 3) is used instead of the Westinghouse

TillNC lY code. As Reference 2 describe >, the RTDP provides a rnore realistic prediction of

the Design Limit DNDR (DI.DNilR) which satisifies the DN!! design criterion by statistically

combining uncertainties in pbut operating parameters, nuclear and thermal parameters, fuel

fabrication parameters, and DNil torrelation predictions to obtain an overall DN!! uncertainty

factor. This factor is then applied to gisc a limiting DNilR salue (the DLDNilR) used in

transient analyses. Since the uncertainties are included in the uncertainty factor, the transient
'

analy ses are performed using nominal value or the above mentioned parameters.r

| 2,1.1 Description of RTDi' Design Limit UNIIR Calculation

| 't he DLDNilR calculation is based on the results of sensitivity cases performed to determine the

efTect on DNilR of various operating and design parameters. The sensitivities are analyzed oser

a wide range of base operating conditions to bound any potential steady state or transient op.

crating condition. The sensitivity cases are then calculated by varyirg one parameter at a time,

leaving all other parameters at their base values. Sensitivity factors an. then calculated for each

parameter as follows:

In(DNRR ase ,DNilRsensj)b

Sj = -- ID() batej'ysenSj)
page 3
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|

Where:

|I
Sj = Sensitivity Factor for Parameter ii

DNBRyase - DNBR of Base Case Parameter i
DNilRsensj = DNBR cf Sensitivity Case for Parameter i

= Base Value of Pararneter 1
! Fbasej

7sensi
= Sensitivity Value of Parameter i

!

Once all the sensitivity fa; tors have been calculated for a case, the DLDNBR is calculated asi

il
j follows:

.<caic)-

E DLDNBR -

1

..

Where:;

-(Sc)-

.

I
!
t

I
1

I
|

L

-
-

L lt should be noted that the DNB correlation statistics used in this calculation from Reference 4

have previously been reviewed and approved by the NRC (Reference 5).

Page 4

,_ . . . . _ . - _ _ _ _ , _ _ _ _ _ _ _ _ _ _ _ _ . _ _ . . _ , _ . _ . . . _ . . _ _. .,



_ _ _ _ _ _ __ _ _ _ .. _ _ _ __ _ . . _ _ _ . _ . _.. _ _ . _ . - _ . -_ _

I -

N I'S R-onS7
Revision: 0

2.1.2 Description of Safety Analysis Limit DNillt CalculationI
After the DLDNilR :s calculated, the Safety Analysis Limit DNilR (SALDN!!R) is deter->

mined based on a desired amount of margin to the DLDNilR. The SALDNilR is calculated

as follows:

DLDNilR
SALDNilR =I (1 M)

M = Amount of margin to DLDNilR desired
(e.g., for 109i, margin M = 0.10)

I
The SALDNilR is used as the acceptance criteria for the DNil limiting transients that are an-

|

alyzed using the RTDP. The calculated MDNilR for a transient must be greater than the

I SALDNilR in order to maintain margin to the DLDN!!R. If a transient violates the

SALDNilR, either available margin to the DLDNilR must be used to accomodate the results,

or the bounding assumi,tions used in the analysis must be examined for possible restrictions,

in most cases,if the violation is small, available margin will be used.

I
I
I
B

I l' age 5

I
I

~ .- .
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;m 22 Overtemperature Delta T and Oserpower Delta T Setpoints
J
l

The thermal overtemperature and overpower protection systems of the Reactor Protection

System (the overtemperature deha T (OTAT) and overpower delta T (GPAT) trips) are de.

signed to provid protection against the DNil design basis (OTAT) and the fuel centerline

- temperature design basis (OPAT) for Condition I and 11 events.

CECO will implement the Westinghouse methodology fc,r calev:ating the safety analysis set.

points for the OTAT and OPAT trip functions of the Reactor Protection System. This meth-

odology is described in WCAP SNS (Reference 6). This methodology has been previously

established by Westinghouse, so a detailed description of the Westinghouse methodology has

been omitted. The CECO application of the methodology will be identical to that described in

Reference 6. and is summari/cd in the following sections. The basis for the calculationu! pro-

cedure that follows has been established in Reference 6.

f 2.2.1 Calculation of Cotc Thermal Limit Lines

i
in order to develop the OTAT and OPAT setroint equations, a set of core therrnal limit lines

must be pencrated. Core thetmal limit lines are part of the technical specifications as reactor

core thermal hydraulic safety limits which are used to calculate the OTAT and OPAT setpoints.

[ The core thermallimit lines consist of three lines that are calculated as a function of core inlet

temperature vs. core power level at different system operating pressures. These are the DNil

limit lines, the core exit boiling limit lines, and the core exit quality limit lines. These lines are

then converted into core AT vs. Tavg space. A fourth line, the steam generator safety valve,

opening line, is also calculated as a fur.ction of AT vs. T vg. The following sections describea
Page 6
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.E the calcu!aticnal procedure for the cere thermal limit lines and the overpower limit lines, whichE

are mputs to the OTAT and OPAT setpoint calculations. Also included is the procedure for

j eonvertmg frem Tm vs. power coordinates to core AT vs. Tavg coordinates. The overall cal.

culationai Dow is shown in Figure 1.

i

| 2.2.1.1 Calculation of Core Exit Boiling Limit Lines

For a given reactor coolant system pressure the coolant saturation ternperature and saturation

f enthalpy are known. futhermore, the enthalpy rise across the reactor core can be calculated

i per. the reactor power and coolant mass flow rate. Therefore the maximum inlet enthalpy that

noids ccre cut bathng :s the saturauon enthalpy tmnus the core average entnalpy rise. Once

' inis maumum mlet enthalpy is deternuned. it may be used with the system pressure to obtain

9e ccrresponding core inlet temperature. This resulting inlet temperature along with the power

lesci represents the core cut bothng hmt at the given system pressure and reactor power level,

in perictming the mass energy balance calculation, consideration must be mac!c for the fact that
i

the reactor ,elumett:c cor' ant !!cw rate is constant, and therciore the reactor coolant mass Gow

I: rate :s a function of coolant temperature. The following steps are taken to calculate the core

eut bothng ilmas:

:

1. Calcu: ate saturation temperature at the given pressure (Tsat)-

2. Calculate saturation enthalpy from Tsat (Hsat)-

| 1 Calculate sensitivity factors for power .now, pressure, and T n.-i

1. Calculate overall coefTicient of variation (s!m), from the above calculated sensitivity
factors and input values ofindividual parameter coefTicienu of variation, which are.g

B 2dentical to those used in the RTDP DLDNBR calculation.
le c)a-

where Hmax is the saturation enthalpy
Calcult.te Hmax = 5 calculate the T n va ucs for the various power levels.

5.
,

which will be used t i

6. Assume an initial inlet temperature (T nhi,

| Page 7
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7. Cakulate the coolant specific volume for the risen pressure and core inlet temper-
ature.

8. Calculate the man flow rate ( Mass flow rate - Volumetric flow rate / coolant
specilic volume).

i 9. Calculate the enthalpy rise (All - Power / Mass flow rate).

10. Calculate the ir:let enthalpy ( ll n - limax Oll)-i,

11. Calculate a new T n based on Il n.i it

12. If calculated T n is close enough to the previous T n then stop the calculation,i i
4

otherwise go back to step 7 using the new calculated T n to repeat the calculation.i

.

Typically, four different pressures (1775,2000, 2250, and 240') psia) with five different power

levels (40,60, 80,100, r.nd 120'n. of nom;nal power) are used to defmc the core exit boiling,

limits.

2,2.1.2 Calculation of DNB Limit Lincs

| DNil limit hnes are calculated for a range of reactor operating conditions to ensure that the

. DNll design basis is rnet. For a given reactor power, system operating pressure, and coolant

'I mass flow rate, there is a coolant inlet temperature above which the MDNilR reaches the safety
!

.; analysis limit DNilR. These sets ofinlet temperatures and power levels for a given operating

, pressure form a locus of points which define the DNil limit lines. Since these limits are de-

pendent upoa the thermal hydraulic conditions of the core and the critical heat flux correlation,

they are calculated using the VIPRE thermal hydraulic code and the appropriate C!!F corre-

lation. VIPRE ha., the capability of automatically iterating mlet temperature until a specified

MDNilR is reached. This capability is utilized in the CECO application.

Page 8
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2.2 l..t Core Exit Quality Limit Linc.s

i

f Cote exit quality limit lines are calculated to ensure that coolant conditions stay within the

i rcnpe of applicability of the CllF correlation used for DNil analysis. The WRil.1 CliF corre.

lation quality limit is 30% The YipRI: code is used to calculate the core exit quality limit lines

a

ie as described below.
!g
f
,

Four different pressures (1775, 2nno. 225n, and 2400 psia) and four different power levels (40,

;
60, Sn, and 100% of nominal powerJ are chosen to define the core exit quality limits. For a

I pisen reactor operating preuute, coolant mau flow rate, and power lesel, there is an inlet tem.
}
! perature abose which core esit quahty escceds 3ni This is done by increasing the inlet coolant

i temperature until any channel exit quality reaches 30% or until the inlet temperature reaches
!

the saturation temperature. In nwst cases, the DNil limits and the core exit boiling limits

j bound the core exit quality limits, c'pecially when the WRil 1 quality limit of 30"o is used.

| 2.2.1.4 Convenian to Delta T r.s T are Coordinate.s

1

(I
Once the core csit boiling limit lines, DNil limit lines, and core exit quality limit lines (some.

times referred to as simply " core limits") are obtaintj in a T n vs. power coordinate system,'

i

they are converted into a AT ss. Tavy coordinate system to reflect plant measured parameters,

This conversion is done in the following manner: For each point on the core thermallimit lines,

5 the fractional core power, system pressure, core flow, and core inlet temperature are known.
I

From this information, the inlet enthalpy may be determined thus allowing the core average

! enthalpy rise to be calculated. From the exit enthalpy, the exit temperature can be determined,

and the core Tasp and AT are then casily determined.
page 9
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| in addition,in order to create core thermal limit hnes that will bound the pressuriect high and
;

low pressure trips, a cakulation is performed to interpolate between pressures if one of the

pressuri/er pressure reactor trip setroints falls between two of the pressures used in the caleu-

lations presented abme. l'or example, the pressurizer low pressure trip setpoint is typically

1500 psia. An interpolation between the results of the J5 psia and the 2000 psia calculations

is performed to proside final core thermallimit lines at the 1800 psia pressure. The 1775 psia

iI core limits calculations are done in order to account for possible small changes that may bc

made to the low pressure trip. As long as the setroint does not fall below 1775 psia, the new
,

OlWf and OPAT setpoints can be determined without ic. calculating core limits.

I
( 2.2.l.S Steam Generator Saf?ty l*ake Limit Line

The steam generator safety salse limit line is cakulated from the !cg mean temperature differ.
,

ence equation as follows:

'l ni Tout i*

Q = UA *
T ut * Tsvo

in -

T n 'lsvi

reactor power (btuihr)Q =

overall heat transfer coellicient obtained fromUAI known performance of steam generator at nominal
=

Tasg and nominal powei.

Tout = reactor hot leg temperature ("F)

Tn = icactor cold leg temperature (''F)i

saturated temperature correspondingTsv =
:

i to 10M of the steam generator
shell design pressure. ('T)

|I:
Page 10
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The intersections of the core thermal hmit lines (combination of core exit boihng limit hnes and

DNil limit lines) and the steam generator safet; valve line are determined by taMng peints on

the core thermal limit lines for each pressure until the above equation is satisfied. A point on

each core thermallimit line satisfies the condition where the steam generator safety valves open.

'Ihe safe operating range is the area above this line. A calculation is performed to obtain the

; intersections of the core thermallimit lines and the steam generator safety vahe line, given the
|

l nominal system pressure, power level, inlet and exit temperature of the reactor core as well as

the complete core thermal!!mit lines. The parameter UA is calculated using the nominal T oth

as Tout, Tcold as T n, and steam generator nominal saturation temperature as Tsv for the

above equation. Next, the saturated tempcrature corresponding to 10Pb of the steam genera-

! tor shell side design preuure ilsg)is calculated.

!

After the nominal UA and Tsv are obtained, the remaining step is to find the intersection points

on the core thermallimit lines for each pressure until the above equation is satisfied. Once this

has been done, the OTAT setpoint equation can be calculated.

2.2.1.6 Calculation of Thermal Orcopowcr Limit Lines

The thermal overpower limit used in Westinghouse plants to prevent fuel melting is llS% of

nominal power. The reactor is protected from exceeding th s limit by the high neutron flux trip.

As mentioned earlier, the reacter perates at a constant volumetric coolant flow rate and

therefore the temperature rise across the core has a slight dependence on pressure and inlet

temperature. These lines are calculated by using the same mass-energy balance principle which

was used to calculate core exit boiling limit lines, l'or a given pressure,1IS% of nominal power,

and a given coolant inlet temperature, the core exit temperature can be found. The thermal

overpower limit lines are typically calculated at a variety of inlet temperatures at iIS% of
page 11
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| nernmal power. The mtersection points of the core thermallimit lines and overpower ilmit lines

are u!cd to define a smgic overpower limit line and the OPAT setpoint.

|I
2.2.2 Calculation of OT Delta T and OP Delta T Equations

| The therrnal overtemperature protection function will trip the reactor when the compensated

AT in any two channels escceds the setpoint. The setpoint for each channel is continously

I calculated by analog circuitr> programmed to evaluate according to the followmg equation:

I
ATip = ATnom'K KyT Tl - K (P P1 R AID1 3

The thermal overpower protection function will trip the reactor when the compensated AT inI
any two channels exceeds the !ctromt. The setroint for each channelis contmucusly calculated

|9
g by pl.mt protection system circuitrv programmed to evaluate according to the following

i
equation:i

|| ATsp = ATnomtKJ K dT Tl tillDf

The above two equations are espressed without any dynamic compensation terms for calcu-

lational simplicity. Actual OTAT and OPAT equations and a detailed explanation of nomen-

clature can be found in Reference e. [ (n,c)
>m in order to determmeg

proper nominal values for the p! ant trip setpoints. the constants are adjusted to account for

I appropriate allowances in plant instrumentation uncertainties and measurement errors
Page 12

I
I



..

|E
-

NFSR 00s7
Revision: 0

After the core thermal hmit lines have been calculated, they are used to generate the constants

for the OTST and OPAT setpoint equations. Since the purpose of this report is to present the

Cl.Co applicatien of the methodology described in Reference 6, rnuch of the technical de-

scription in this section is directly quoted from the reference.

2 2.2.1 OT Delta Tlhjuation

.

The thermal overtemperature trip protects the core against DNll and hot leg boiling (core uit

boiling) for any power, pressure, and temperature condition. The equation form in Section 2.2.2

was chosen to conservathcly represent the core limits (Reference 6). Tbc following calcu-

lational procedure is ute.1 to determine the constants in the above equation:

1. Choose four intersection points which provide the basis for the calculation of the OTATI equation. 'Ihese four points deline the intenections of:

Point A the 115% overpower line and the core thermal limit line corresponding too

the high pressure trip

e Point 11 :he 1I5%, overpowcr line and the core thermallimit line corresponding to the
low pressare trip

I Point C the rteam generator safety valve line and the core thermal limit line corre-a

sponding to the high pressure trip

e Point D tk: steam generator safety valve line and the core thermal limit line corre-
sponding to the low pressure trip

| The points A,11, C, and D are illustrated in l'igure 1, which represents the sample core
B thermallimit lines calculated for this teport.

1 2. The OTAT protection limit equation, neglecting pressure,is a straight line in AT vs. Tavg
coordinates. The equation is as follows:

ATsp = ATnond 1 K (Tavg TavgnomDK 2

When the pressure chect is included, the OTAT equation is a plane in three coordinates,
I AT, Tavp, and Presa re. The equation becomes:

AT5p = ATnom(K 1 K (Tavg Tavgnom) + KMP PnomD2

Page 13
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,3 The slopes and constants for four di!!crent OTAT protection limit equations are deter.
E nuned from the four intersection points (A II.C, and D) by constructing:

A line parallel to AC which intercepts 11;e

e

A line parallel to AC which intercepts D;- e

A line parallel to IID which intercepts A; andJ e

A line parallel to llD which intercepts C.e

The constants K . K , and K for each of these equations are determined by solving three:E i 2 3

's of the equations simultaneously.

.
3. l'ach equation is testcJ at various pressures to ensure that all the core thermal limits are

protected. Equations which do not protcet all of the core thermallimits are discarded.
.

4. The final equation is selected based on optimizing operating margin (this is usually ac-
complished by maximizing K ).1

2.2.2.2 OP Delta T Equation

The oserpower AT protection limit equation as shown in Section 2.2.2 is determined based on
:

the intersection points of the overpower linnt, plotted as a function of Tavg or fixed pressures,f

'

and the DNil core limits at corresponding pressures. The intersection points are lower on the

DNil lines as pressure increases. When calculating the OPAT limits, in consideration of this
a

slight pressure dependence, a simplified first step is to remove any pressure dependence from the

;I
OPAT limit equation. This is accomplished by defining a line which passes through the over-

power DNil core limit intersections at the high and low pressure trips, or by defming a con-

stant AT which corresponds to the AT computed at the overpower DNil core limit intersection

I at the high pressure trip.

I
Either method would prevent the overpower limit from being exceeded for all combinations of

.

. h f
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approaches is used. The setroint is a constant AT iflavg is less than the nominal value; it is

a diminishing AT if Tavy is greater than nominal.

The overpower limit AT equations are then:

:I:

ATsp = ATnomK4 for T < T'
,I

ATsp = ATnom(K4 K (T TW for T 2 T'6

Where:

AT = Setpoint salue of AT,"l5p
) STnom = Indicated a l~ at nominal plant conditions, F

,

'j T = Measmed a'.erage temperature,6F
T' = Nominal ascrage temperature at rated power. F
Ka = Pieset manually adjusted bias
K6 = A constant that compensates for the change in density,

flow, and heat capacity of water with change in temperatureI
'

Using the method described above. it can casily be shown that the preset manually adjusted bias

j term Ka is:

Ka- ATA ' ATnom

where ATA s the AT at point Ai

For T greater than nominal, the overpower AT protection limit is represented by an equation

which defines the line from pomt A to point II, as shown in Figure 4. It is then apparent that

the constant term which compensates for the change in temperature, K , is:6

6 = (AT AT gr(T T[3).'AT omK A i A n

where ATgi s the AT at point 11i

Page 15
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The equations represent the maximum allowab!c AT during operation.

2.2.1l Calculation of the f(Delta 1) function for the OT Delta T Equation

Since the CECO calculation of the f(31) reset function for the OTAT setroint equation is iden,

tical to the Reference 6 procedure, the text in this section is paraphrased from the text in the

reference.

I The OTAT trip equations developed in the previous sections were calculated based on the as.

sumptinn that a cosine axial power shape is the limiting axial power shape. In order to account

for other axial power sh; pes that may be more limiting, an f(al) rerct function is used to louer

the trip setroint by at. amount that is dependent on the measured Al. This reset function is set

to ensure that the core will not scach l> Nil for all expected normal operation power shapes as

well as power shapes which might occur during certain limiting DNil transients such as the rod

withdri.wal at power and boration dilution events.

In order to calculate the f(All penalty Ibnction, axial offset DNil envelopes are calculated and t

are then used in conjunction with the core thermal limit lines. The axial offset DNil envelopes

are intended to bound all possible normal operational and accident power shapes. Operational

power shapes are those shapes which could occur during normal operation and load following

Accident power shapes are those axial power shapes which are possible duringmaneuvers.

transients having a strong influence on axial power distribution such as the rod withdrawal at

power and boration/ dilution events. To define a bounding axial olTset DNil envelope, Wes.

| tinghouse has performed extensive neutronic analyses consiocrmg approximately 150 cores and

also examined limiting power shapes observed during operation to develop a set of power

shapes (Reference 6). The shapes are verified to be limiting on a reload basis as part of the cycle
page 16
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FAC analysis. which a perfctmea in accordance with established Westinghouse methods (Ref-
i

+:rence 7 L

2.2.3.1 Calculation of the D.VB Axial Offset Envelopes|
The DNB axial otTset envelopes are typically calculated [

I
_ (a, c)

must be iteratively

aeternuned unn; VIPRE. 'I he YiPRE iterations on inlet core temperature are performed at the

conditiens listed abose until the safety analysis DNBR limit is reached. The axial virset DSB

I
envelopes are then calculated by performing a power !cveliteration with VlPRE for each shape

using[
.(a,c)
.

The code steranons are termmated when the safety analysis DNBR hnut is reached

I cr eacn aual power snr.re. In the VIPRE analysis, iterations are done automatically, so the

safety analysis linut DNBR shosen to iterate to is the more limiting between the typical celllimit

and the thimble ce!!linuts.

I
2.2.3.2 Calculation of thef(Delta l) Reset Function

Once the axial offset DNB envelopes are developed, the flAl) reset function may be calculated.

The procedure for calculating the reset function is described in detail in Reference 6. but is

summarized below.

Page 17
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I

VIhutfor VIhutforIn In
RE RC

DNB Limit Qual Limit

I
VIPRE VIPRE

I
Output Output
DNB limit Quality Exit DollingI lines limit lines limit lines

i I

I I

I Core Thermal
Limit Lines
T-in vs. Power

I
Convert Core
Thermal Limit
Lines to Thermal
DT vs. T-avg OverpowerI Coordinates Limit

I Calculate
SGSV Limit Line

:

I I

Calculate OTDT
and OPDT
setpoints

Figure 1. Core Tliernial Limit Lines Calculational Flow
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3.0 Results of Sample Calculations-

1

L

3.1 DLDNBR and Safety Analysis Limit DNBR Calculations

3.1.1 DLDNUR Calculation

,

Several VIPRE jobs were run to deterrmne the sensitivities on DNBR to various operating and
,

uel design parameters. The rarameters that sensitivities were performed on were:,

1 Core l'ower

i Lore inlet Cco; nt l'e:nrerature

) Reactor Coota'.t v.nen. Pressure'

a Reacter Veue; neu ,('_ re i~lew plus Bypass Flowi

4 Ilot Channel |j} } {
Engmeenng ilet Channel Factor (FDHE)o.,

Base cases were set up to run the sens:tiv ttes m orcer to bound a conservative range of oper.

atmg cendiuons.[ ]' g c)

N

-

Each case required iteration of an operatinc parameter until a MDNBR near the expected

DLDNBR was reached. An assumption was made that the DLDNBR would be somewhere

)te c)which is a typical mitial value. For each case the iterated parameter was as follows:
o

near[
- ( *,0

.
-

Page 21--

_- - _ - _ _ _ _ - _ _ _ _ _ - _ _



"

|
.. .-....... .._... _ _ __ _ _ _ _

L

.

I *
L

( NFSR 00S7
-(a, c) Revision: 0

.

(
-

-

The case case now rate used for all cases except case <> was the preliminary Minimum Measured

Flow i \lMF) of F000 GPM This is the onpr c! Thermal Design Flow (TDF), which is

'50000 GPM. p;as the mulated now uncert;tmts of 2%. This is a total reactor vessel now

rate, which includes the core bypass now. In order to deter: rune the reacter core now rate, the

core bypass now must be n.btract:d out. A core tyrass fraction of 5% was used for this cal-

culation. This bypass fracuen is based on prehm.. nary information on the efTects of th15

Vantage 5 fuel on core b> pass Ocw. The core now with 5% bypass corresponds to a mass aux

of 2.5M4 Mlb HR FT: at nonunal conditions. The 7.3 now uncertainty is based on installed

plant mstrumentation and the assumpt:on that a octa,1cd now calorimetric measurement will

N perterm:d at the begmam; o! caca c>cie to ca.nrate the cold leg cibow taps to provide a

more accurate measure of vessel Dow.<

As mentioned in Section 2. the uncertainties used .in :hese calculations are preliminary values

for Zion, and are only used to demonstrate the calculatonal procedure. When the uncertainties

are Snalized by Westinghouse, they will be incorpciated into the DLDNBR calculations. The

uncertainties used for this analysis are inclu:'ed as sigma values in Table i The 4% DNBR

uncertainty applied to the VIPRE code calculaton, and the 1% DNBR uncertainty applied to

the RETRAN code calculation are the same as those applied to the THISC and LOFTRAN
Page 22
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I codes for Westinghouse. These uncertainties were required by the NRC Safety Evaluation Re.

port (SER) for the improved Thermal Design Procedure tITDP) Topical Report iReference S).

.\fter the base cases were run, sensitivity cases were run by varying each parameter by a few

percent, one rarameter at a time, to deternune its sensitivity on .TIDNBR. Table I shows the

values of the sensitivity parameters used for each case. Table 2 shows the .\1DNBR results ofI the[ )(base)and sensitivity cases analyzed.
a,c

The :esuits shown m Table 2 were then used to calculate the sensitivity factors and the

DLDNBR for each case. The resuits of the calculations for Case 1 which gave the limiting

DLDNBR value. are shown m Table 3 T he hmiting DLDNBRs shown are[

g f.e>

3.1.2 Safety Analysis Limit DNBR (SALDNilR) Calculation

With the DLDNBR known for each cell type, the SALDNBR can now be calculated. The

SALDNBR should provide enou;h margin to the DLDNBR to account for any possible cycle

design variations that may require asallable DNB margm to be used, llowever, the SALDNBR

, snould not be so high as to cause possibly frequent reload DNB acceptance criteria violations.

Therefore. a balance must be struck between DLDNBR margin and margin to analysis results.

For the purposes of this report.12% margin to the DLDNBR will be selected to calculate the

SALDNBR. This will provide ample margin to accomodate any cycle margin penalties that

may be required, and shculd not encroach en any analysis results. The SALDNBR is then

calculated as follows:I ca.c)-.

Limit =

g
- ~

Page 23
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Linut =

I These values will be used as the accepm-ce criteria for the sample ocked rotor and loss of flow

analyses presented in the fo!!owing sect n. It should be noted that the SALDNBR is not a li.

censing requirement,it is a way of ensunng that adequate DSB margin is maintained.

I
3.1.3 Locked Rotor and 1.oss of Flow MDNDR Calculations

I
As s:ated m Section 1. the DNil c'.cnts anaivred for this report are the Loss of Flow and

Laci,;d Rotor esents. The resuus on the RTDP analyses snow that the effect of the incorpo-

taticn ef the RTDP is to ratsc the MDNBR from the STDP results. This is expected, since the

transient is imuated frem nommal concitions, and the hot channel fa}i engmeenng uncertainty

is not direct!y applied in the thermal hydraulic DNB calculation, in fact, the NIDNBR for the

cases ant!yzed in this report are greater than the cases analyzed in Reference 1, which had lower

real f311 values. The a:DNDRs calculated were 1.73 for the Locked Rotor event and 1.S4 for
the 1. css of Flow escnt. The MDNBR-- vs time responses are shown m Figure 2. These

M DNDRs are greater than the Reference i results of 1,65 for the Locked Rotor event and 1.77

fer the Loss of Flow event. The Locked Rotor MDNBR, which is limiting,is still far above the
nc)

typical channel Safety Analysis Lirrut DNBR of[ ](which shows ample margin to the
i

DLDNBR. When IFM grid data is incorporated, it is expected that the calculated MDNBR
,

will be es en greater, due to the increased turbulent mixing they will provide.

Page 24
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3.2 OT Delta T and OP Delta T Setpoint Calculations

f

L
The following sections present the calculations performed to determine the core thermal limit

lines, the OTAT and OPAT setpoint equations, and the Rol) reset function for the OTAT trip

function. The fuel parameters used in the c3!culations are representative of 15x15 Vantage 5

fuel without IFM grids, which will be the first application of Vantage 5 fuel at the Zion station.

The calculational procedure, however, would be the sarne for 15x15 Vantal'c 5 with IFM grids,

17x17 Vantage 5, and OFA fuel as wcil. This report is intended to illustrate the cakulational

procedure, not necessarily to sene as the basis for a particular plant application.'

3.2.1 Core Thermal Limit Lines Calculation
.

The core thermallimit lines are calculated as described in Section 2 of this report. The following

sections present the results of the calculations.

3. 2.1.1 Core Exit Boilin,t: Limit Lines

'Ihe core exit boiling limits were calculated using the calculational procedure outhned in

Section 2.2.1.1. Table .1 presents the results of the calculations.

3.2.1.2 DNB Limit Lines

'

The DNB limit limits were calculated with VIPRE using the calculational procedure outlined in

Section 2.2.1.2. Table 5 presents the results of the calculations.
,,
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3.2.1.3 Core Exit Quality Lhnit Lines

s

The core t 6t quality limits were calculated with VIPRl! using the calculational procedure out-

lined in Section 2.2.1.3. Table 6 presents the results of the calculations. The exit quality limits,

DNillimits, and the core exit quality limits are shown in Figure 3.

3.2.1.4 Stearn Generator Safet) l' aire Lines

The steam generator safety salve limit calculations followed the calculational p ocedure outlined

in Section 2.2.1.4. The results of the calculations were used to determine the intersection points

to the exit boiling or ine DNil limit i;ncs at the different specified pressures. The itstersections

of the steam pencrator safety valve lines with tiie core limits lines can be seen in Figure 4 w hich

illustrates the finalized core thermal limit lines.

I 3.2.1.5 overpower Liinit Lines

The merpower limit line calculations followed the calculational procedure outlined in

Section 2.2.1.5. The results of the calculations were used to determine the intersection points

to the DNil limit lines at the different specified pressures. The intersections of the overpower

limit lines with the DNil limit lines can be seen in Figure 4.

I
I
I
I Page 26
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3.2.2 OTDT anci Ol'l)T Sotpoint Caletilations

The OTAT and OPAT setroint equations were calculated using the calculational methodology

outlined in Section 2.2.2 of this report and in Reference 6. The results of the calculations areI
presented below.

I
3.2.2.1 O TD T Sctroint Cakulation

I
The following equation represents the OTAT equation that protects all of the core thermal

I limits while maximizing operating m$rpn:

!
i

O'l AT = 62.9(l.73474 0 o|Mid i I s p - 562.2) + ().(10109114(P 2250.00a

The constants K mas, K;, and K3 are 1.7.1979,0.01b047, and 0 00109114, respectively.!

I
3.2.2.2 OPDT Sctroint Cakulation ,

The following equations represent the OPAT equation that pro \ ides the most operating margin:

OPAT = 72.54 when Tas p is less than 562.16

OPAT = 62.92(1.15297 0.00180117(Tavy 562.2)) when Tavg is greater than 562.2

The constants K mas and Me are 1.15297 and 0.00189117, respectively.I 4

I
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1igure 5 shows the OTAT and Ol'd i setroints overlayed onto the core thermal limit knes to

show that they provide protection for all of the core limits. The OTAT lines are at IMKi,2000,

2250, and 2400 psia.

I
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3.2.3 f(Delta 1) Reset function Calculation

| 3.2.3.1 .1xial Offset DNB Enrelopes

The aval ofTset DNB envelopes were calculated with VIPP.E urinc the calculational procedureI a,c)

outlined in section 2.3.4. First. the inlet temperature scarches to a[ ](.N!DN13R were calcu.
lated. The cases iterated to a Tjn of[,

(a,c)
] The axial shapes used are illustrated in Figure 6. The pmver iteration results are

shown m Table 7, and are :ilustra:cd in Figure '

3.2.3.2 J1 Delta-() Reset function
!

The results ci the aual ofTset DNB envelopes calculations were used to calculate the iTAI)

deadeands and the s! opes of the positive and negative wings of the reset function as described

2.2.3.2.{m Sectir- a,c)
,a The
5

etTect of the :Tal) reset funct:en on the setpoint is illustrated in Figure S.
,

.I
1

:I
I
I :
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FARAMETER
1 VALL'E

|3 (BASE)
'S'"S':5

POWER (::)

T-IN (DF)

! PRISSURE
(PSIA)

FLOW (M1b/
j HR-FT2)
iE -

r-DELTA-H]g
FDHEq

I _
-

e

Table 1. Values of Operating Parameters used in DLDNBR Cases

~ (a,c)"

iE PARAMETER
VARIED":g

,

BASE CASE

POWER

:

T-IN
4

FRESEL'RE

FLOW

F-DELTA-H

FDHE

I
-

Q,ble 2. SIDNBR Results of Base and Sensitivity Cases

1

E
-
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i

BASE SENSITIVITY DNBR DNBR
i

PARAMETER MEAN SIGMA VALUE VALUE (TYP) ( THM )p',)
; m) (s)

-

i DASE
<

! POWER 1.00
.-IN 530.70'

PP"45URE 2250.00:

FLOW 1.00
EFF 0.95

,E FDHE 1.00r

g rNDH 1.59
T/H CODE 1.00;

; TRANS CODE 1,00

' i 5 S 'S(s/m))I (S(s/m)):
' 'ARAMETER (TYP) (THM) f(YP) (THM)

"''I~

~g F0WER
T-IN
FRESSUCE

! FLOW
- EFF

FDHE
FNDH
4.'N CODE

-
TMNS CCDE

l

|
~

r -c.,c)

.

)
l ;

~
i ~

I Table J. Sample DLDNilR Calculation Results(

,

-

-
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I Core Exit Boiling Limits
POWER Inlet Temperature (0F)
LEVEL

(%) 1775 psia 2000 psia 2250 psia 2400 psia

40.0 595.17 613.04 631.53 647.08
60.0 583.06 601.36 620.40 631.35
70.0 576.99 595.47 614.76 625.87
80.0 570.91 589.56 609.08 620.35I 90.0 564.83 583.64 603.36 614.78

100.0 558.75 577.70 597.62 609.18
120.0 546.59 565.81 586.08 597,88

I Table 4. Core Exit Bolling Limit Lines Calculatl0n Remits

^

DNS l.imits
POWER Inlet Temperature (DF)
LEVEL --

I (%) 1775 PSIA 2000 PSIA 2250 PSIA 2400 PSI 3

S0.0 596.27 607.65 622.44 632.00

100.0 564.85 579.24 595.57 605.34I 120.0 526.29 542.22 558.88 568.83

Table 5. DND Limit Lines Calculation Results

Core Exit Quality Limits
POWER Inlet Temperature (DF)
LEVEL

(%) 1775 psia 2000 psia 2250 psia 2400 psiag:

WP 40.0 619.0 635.0 652.0 662.0
60.0 619.0 635.0 652.0 662.0
80.0 619.0 635.0 652.0 661.0 |

1

100.0 619.0 634.0 643.0 648.0 |

Table 6. Core Exit Quality Limits

:I

:I

:I
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'I
VIFRE CALCULATED

POWER (:0 ,(4,c)
_ . ,

I SHAFE

I !

I i=

: i

4 1g
5 |

6 |I I
7 |

'
|-

Table 7. Posser iteration llesults

I |

'I ;
;

I
'I
I i

1

I
I

\

l

I
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4.0 Conclusionsg

As stated in the Introduction, the purpose of this report is to document the changes in the

methods described in the original CliCo transient topical report to incorporate the RTDP for

DNil limiting transients and the inclusion of the calculations for the OTAT and OPAT pro-

tection setpoints. The calculational basis for these methods has been previously established by

Westinghouse. This report presents the CI!Co application of these methods.

I
For the RTDP, the calculational procedure for determining a Design Limit DNilR and a Safety

Analysis Limit DNilR was described, and a sample calculation was presented. As a check of

the Safet: Analysis Limit, LockcJ Rotor and Loss of Flow transients were analyzed to demon.

strate that margin to the Safety Analysis Limit DNilR is maintained.

I
For the OTAT and OPAT setpoint calculations, the calculational procedure for determining the

setpoint equations was presented, and sample calculations were performed to determine the

constants for the setpoint equations. If these calcuhtions were to be applied to an actual plant

analysis, 'he setpoint constants generated would have to verified to show that the setpoints still

provide DNil margin. This is normally accomplished by analyzing the RCCA Withdrawal at

Power and Loss of Load transients with the new setpoint constants. This verification will beI1

performed when finalized OTAT and OPAT setpoints are generated for the stations.

,

Also, plant values for the constants K i and Ka would have to be calculated based on appro-

. priate allowances for plant instrumentation uncertainties and measurement errors.
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