
\

I

SIEMENS
|

|

| EMF-92-081(NP)(A)

| EMF-92-081(NP)R)
Supplement 1

|
|

.

Statistical Setpoint/ Transient Methodology
i For Westinghouse Type Reactors
|

.

|

!
!

|

,

!
|

February 1994

|
|

..

spn1

.. y
( b'

w; i ,

Siemens Power Corporation ti

Nuclear Division

9403240231 940303 '
|

| PDR TOPRP EMVEXXN
C PDR

.



.
.

_____ _____ - _ - _ _

I
I

EMF-92-081(NP)(A)

EMF-92-081(NP)(A)
' Supplement 1

Issue Date: 3/1/94

1

1
EMF-92-081(NP)(A) Statistical Setpoint/ Transient Methodology For Westinghouse Type

I Reactors

I
EMF-92-081(NP)(A) Correspondence
Supplement 1

I
I
i .

I
I
i
t
I i

I |

I
\

_ a



I
I
I

.

I
NUCLEAR REGut.ATORY COMMISSION DISCLAIMER

IMPORTANT NOTICE REGARDING CCNTENTS AND USE OF THIS
DOCUM ENT

PLEASE READ CAREFULLY W

This teeinical reocrt was denwd througn researen and ceveicoment =rograms
sponsored by Siemens Nudear Power Corporatien. Itis ceing subme:tec ey S;emen s g
Nudear Power Corporacon to the U.S. Nuclear Regulatory Commission as part of a
technical contnbucon to facilitate safety analyses by licensees of the U.S. Nuclear i

Regulatory commission which unlize semens Nuclear Power Corporanon-fann-
cated reload fuel or omer technical services provided by Siemens Nuclear Power
Corporanon for light water power reactors and it is true and correct to :he best of
5emens Nucisar Power Corporanon's knowledge, informanon, and beiief. The

. informanon contained herein may be used by the U.S. Nuceat Regulatory Commis-
sion in its review of this report, and under the terms of the respectve agreements, by
licensees or applicants before the U.S. Regulatory commission which are customers
of S;emens Nudear Power Corporanon in their demonstranon of comptiatice wim the
U.S. Nudear Regulatory Commission's regulacons.

semens Nudear Power Corporaton's warrantes and representatons conceming "

tne sub ect macer of this cocument are mese set form in the agreement ber*eenl

Semons Nudear Power CorporaDon and the customer to wrucn this occurnent is
issued Accordngty, except as otherwise expressly provided in such agreement.
neither Gemens Nudear Power Corporanon nor any person actng on its tehalt:

A. Makes any warranty, or representaton, express or
impled, with respect to the accuracy, complete-
ness,orusefulness of theinformatoncontainedin
this document, or that the use of any information,
apoaratus, rnethod, or process disdosed in this
documentwid notinfringe pnvately owned nghts, or '

B. Assumes any liabilines with respect to the use of,
or for damages resultng from the use of, any
informanon, apparatus, method or process cis. ~)
dosed in this cocument,
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[ k > k | ,k UNITED STATES

k'''4 ' ' !
NUCLEAR REGULATORY COMMISSION2 3

/ W ASmGTCN. D C. 20Mw:1

.,,,."
December 10, 1993

Mr. R. A. Copeland
Manager, Reload Licensing -

<-_

Siemens Nuclear Power Corporation
2101 Horn Rapids Road C
P.O. Box 130 {",
Richland, WA 99352-0130

Dear Mr. Copeland:

SUBJECT: ACCEPTANCE FOR REFERENCING 0F LICENSING TOPICAL REPORT EMF-92-081, =

" STATISTICAL SE~ POINT / TRANSIENT METHODOLOGY FOR WESTINGHOUSE TYPE ..

REACTORS" (TAC NO. M85061)

The staff has reviewed the topical report submitted by Siemens Nuclear Power
Corporation by letter dated May 29, 1992. The report is acceptable for
referencing in license applications to the extent specified and under the ,

limitations stated in the enclosed report and U.S. Nuclear Regulatory
Commission (NRC) evaluation. The evaluation defines the basis for acceptance
of the report.

The staff will not repeat its review of the matters described in the report
and found acceptable when the report appears as a reference in license
applications, except to assure that the material presented applies to the
specific plant involved. NRC acceptance applies only to the matters described
in the report. In accordance with procedures established in NUREG-0390, the
NRC requests that Siemens Nuclear Power Corporation publish accepted versions
of the report, proprietary and non-proprietary, within 3 months of receipt of
this letter. The accepted versions shall incorporate this letter and the
enclosed evaluation between the title'page and the abstract and an -A
(designating accepted) following the report identification symbol.

If the NRC's criteria or regulations change so that its conclusion that the
report is acceptable is invalidated, Siemens Nuclear Power Corporation and/or
the applicant referencing the topical report will be expected to revise and
resubmit its respective documentation, or submit justification for the
continued applicability of the topical report without revision of the
respective documentation.

Sincera y, q j g

f//|A f d' W
.

Asho C. Thadan D rector
Division of Systems Safety and Analysis
Office of Nuclear Reactor Regulation

Enclosure: -

EMF-92-081 Evaluation

.
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[ k CjI $ UNITED STATES
( h,M j NUCLEAR REGULATORY COMMISSION
g ' . . ,f

WASHINGTON. O C M55-cc01

...

ENCLOSURE

SAFETY EVALVATION BY THE OFFICE OF NUCLEAR REACTOR REGULATION
'

RELATING TO TOPICAL REPORT EMF-92-081(P)
" STATISTICAL SETPOINT/ TRANSIENT METHODOLOGY FOR WESTINGHOUSE TYPE REACTORS"

SIEMENS NUCLEAR POWER CORPORATION .

.

1. INTRODUCTION

In a letter of May 29, 1992, from R. A. Copeland to T. E. Murley (NRC),
Siemens Nuclear Power Corporation (SNPC) submitted topical report EMF-92-
081(P), " Statistical Setpoint/ Transient Methodology for Westinghouse Type
Reactors," for NRC review. The report describes the SNPC methodology for
performing statistical transient analyses, including the statistical
development of the trip protective systems, utilized in Westinghouse-type
pressurized water reactors.

The NRC staff was supported in this review by its consultant, Brookhaven
National Laboratory. The staff has adopted the findings recommended in the
consultant's technical evaluation report (TER) which is attached.

2. EVALVATION

The attached TER provides the evaluation.

3. CONCLUSIONS <

The staff has reviewed the SNPC topical report EMF-92-081(P) and the l>

supporting documentation submitted in response to staff requests for
additional information. On the basis of this review, the staff concludes that
EMF-92-081(P) is acceptable for referencing in licensing actions by SNPC with
respect to the statistical setpoint methodology for Westinghouse reactors,
subject to the limitations stated in Section 4.0 of the attached TER. In a
separate action, the HTP DNB correlation has been approved by the NRC and,
therefore, may be used with the SNPC statistical setpoint methodology
described in EMF-92-081(P).

)

.

_ _ _ . _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _
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TECIINICAL EVALUATION REPORT
4

TECHNICAL EVALUATION OF THE
SNPC STATISTICAL SETPOINT/ TRANSIENT METHODOLOGY

- TOPICAL REPORT EMF-92-081(P)

L F. Carew

November 20,1993

Prepared for the
Office of Nuclear Regulatory Regulation

U.S. Nuclear Regulatory Commission
Washington, DC 20555

NRC FIN L-2589-3, Task-1

Reactor Analysis Group
Applied Technologies Division

Brookhaven National 1.aboratory
Upton, Long Island, New York 11973

__



--

TECHNICAL EVALUATION REPORT

Topical Report Title: SNPC Statistical Setpoint/ Transient
Methodology

Topical Report Number: EMF-92-081(P)

Report Issue Date: May 1992
.

Originating Organization: Siemens Nuclear Power Corporation

1.0 INTRODUCTION
|

By letter dated May 29,1992 (Reference-1), the Siemens Nuclear Power Corporation

(SNPC) has submitted the Statistical Setpoint/ Transient Methodology Topical Report - EMF-92-

081(P) for NRC review and approval. The topical report provides the methodology that SNPC
.

intends to use in determining the trip protective system settings for Westinghouse (E type

reactors. A detailed description of the methodology and the treatment of setpoint parameter

uncertainties together with a sample calculation are included in the Topical Report. The primary

difference relative to the presently accepted SNPC methods for Westinghouse reactors is that in ,

the proposed methodology the calculation and measurement uncertainties are treated statistically

rather than deterministically. The statistical approach used is similar in many respects to the

SNPC statistical setpoint methodology that has been approved for application to Combustion

Engineering (CE) plants (Reference-2). The SNPC methodology makes use of response

surfaces, together with Monte Carlo sampling techniques and Second-Order Error Propagation

(SOERP) methods, to determine appropriate setpoint uncertainty tolerances. The construction
I

and testing of the response surfaces is based, in part, on the approved GSUAM - Generic

.

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ . _ . _ _ . _ . _ . _ _ _ _ _ _ . . _ _ _ _ _ . . _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ . _ . _ _ _ . _ _ _ _ _ . _ . . _ _ _ _ _



I
Statistical Uncenainty Analysis Methodology (References 3 and 4). The serpoint methods are

|

|
intended for the determination of the Overpower-AT (OPAT) and Overtemperature-AT (OTAT)

setpoints which provide 95/95 protection for the fuel melt and DNBR limits, respectively. The

1

methodology will also be used for analyzing transient events and determining or verifying the' -

reactor protective system trips. |
The review of the Topical Report focused on the conservatism included in the

determination of the OPAT and OTAT setpcint parameters and the statistical method used for

determining the 95/95 uncenainty limits. The SNPC methodology is summarized in the

following Section-2, and the technical evaluation of the important issues raised during this I
review is presented in Section-3. The technical position is given in Section-4.

2.0 SUMM ARY OF THE TOPICAL REPORT ,

2.1 Overoower-AT Reactor Trio

The Overpower-AT reactor trip provides 95/95 protection from fuel melt during
,

operational transients and Anticipated Operational Occurrences (AOOs). The form of the OPAT

trip is the same as used by Westinghouse (Reference-5). The trip includes a constant term with

coefficient K , and a term proportional to the core-average temperature with coefficient K to4 6

account for the effects of coolant density and heat capacity on the relationship between AT and

the core-average temperature. An additional core-average temperature term with coefficient K5

is included to account for transient effects such as piping and thermal delays. Compensation for

the time dependence of the measured AT and core-average temperature is accounted for in the

1
2

.

I
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.

OPAT trip equation using the precalculated sets of time-constants (ri, r:, r3) and (r6. rg,

respectively.

ne steady-state coefficients K and K are determined so that for the design peaking4 6e

factor F , the core power level at which fuel centerline melt occurs is avoided. The powerq
|
'

peaking measurement uncertainties and the engineering factor are include <i in the K -coefficient4

using a Monte Carlo procedure and the remaining uncertainties are subtracted directly from the

value of K .4

The calculation of the K and K OPAT temperature coefficients is based on the design4 6
I

basis peaking-F . In order to account for power distributions more severe than the design fq

peaking, the OPAT limit is calculated for a range of axial power distributions. A joint

probability distribution is then determined in order to allow for uncertainty in both the power

level and the axial flux difference-AI. The power distribution adjustment to the OPAT limit -

the F(AI) reset function -is determined using this joint probability distribution and by requiring

that the fuel-melt power level be avoided with 95 % probability and 95% confidence.

2.2 Overtemperature-6T Trio

The Overtemperature-AT trip provides the required protection from DNB and hot-leg

saturation during normal operation and Anticipated Operational Occurrencet(AOOs). The form

of the Overtemperature-AT trip is the same as that used by Westinghouse (Reference-5) and

includes a constant term K , a term proportional to the core-average coolant temperature with
3

coefficient K , and a term proportional to the pressurizer pressure with coefficient K . The time
2 3

dependence of the measured AT and the core-average temperature are accounted for in the

!

3

_ _ _ _ - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ . _ _ _ _ _ _ _ _ _ _ _ _ _ _ _



l

~

I
OTAT limit using the predetermined sets of time constants (ri,7 ,r3) and (r ,r5,7 ), respe.;ively.2 a 6

The OTAT steady-state coefficients K , K and K are determined to provide DNB and hot-legi 3

saturation protection at the 95/95 probability / confidence-level. The DNB uncertainty margin is

calculated using a response surface for AT. A similar analysis is performed for the hot-leg

saturation AT setpoint. The response surfaces are determined using the SNP approved GSUAM

procedures. The statistical uncertainty penalty is determined using a Monte Carlo approach,
,

rather than the SOERP method, and includes the response surface parameter uncertainty as well

as the trip input temperature and pressure measurement uncertainties.

In order to provide DNB protection for axial power shapes more severe than the design

axial distrn ution, an F(AI) reset trip adjustment is included in the OTAT trip function. The first

step in determining the reset function is to identify the DNB limiting axial power distribution

for each AI interval. A AT response surface is then generated for this axial distribution at the

conditions determined to be most sensitive to the uncertainties. The resulting AT distribution

is then used to determine the joint probability distribution. The F(AI) adjustment is calculated

. from this joint probability function.

I,1

2.3 Neutronics Analysis

Both the OPAT limit for fuel melt and the OTAT limit for DNB protection depend on the

core axial power distribution. This dependence is included in the trip functions via the F(AI)

I
reset function. The relationship between the local peaking (F and Fm) and AI are determinedq

iusing a three-dimensional neutronics model. The axial flux difference and power distribution are

calculated as a function of core operating conditions.
'

3,4

I
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3.0 SUMMARY OF THE TECHNICAL EVALUATION

The Topical Report EMF-92-081(P) provides a detailed descIiptien of the statisticals

methodology that SNPC intends to use for the setpoint determination for Westinghouse type

reactors. The review focused on the applicability and conservatism of the methods used for

calculating the trip parameters (K -K ), and the validity of the statistical approach employed ini 6

determining the allowance for design and measurement uncertainties. Several important

technical issues were identified during the initial review which required additional information

and clarification from SNEC. This information was requested in Reference-6 and was provided

in the SNPC response included in References 7-9. This evaluation is based on the description

and examples presented in the topical report and the supporting information provided in ;

i

References 7-9. The evaluation of the major issues raised during this review are summarized 1

in the following..

3.1 Sctnoint Methodology

3.1.1 Transient Effects

The time-dependent effects associated with instrument delay and piping lag are accounted

for by the K -transient coefficient in the OPAT trip setpoint equation. These effects are5

considered to be hardware related and, in Response-17 of Reference-7, SNPC has indicated that

this parameter will not be modified with the application of the EMF-92-081(P) Methodology.

The OPAT trip is designed to protect against slowly evolving transients in which there is no

significant fuel temperature overshoot. In Response-3 of Reference-7, SNPC has indicated that

.

5

-

_ _ _ _ _ _ _ _ _ _



I
.

it will verify the adequacy of this term and the protection of the fuel centerline temperature from

fuel melt by performing event specific transient analyses.

The time-dependent processing and compensation of the OPAT and OTAT trip input

signals is performed using the seven time constants 73 - r7 These plant-specific equipment-

related constants will be provided from information supplied by the reactor vendor. These time

constants will not be recalculated as part of the SNPC setpoint methodology, however, the

adequacy of the values will be confirmed by SNPC in plant-specific transient analyses

(Response-19, Reference-7).

3.1.2 Restense Surface Methods

The statistical uncertainty analyses for the DNB and hot-leg saturation limit lines and the

statistical transient analyses are performed using response surfaces generated with the SNPC

GSUAM methodology. The response surfaces are typically low order polynomials in the

independent variables and the specific functional forms are selected to provide the required

accuracy. Specifically, the selection is based on the fitting statistics, residual plots and the

overall goodness of the fit. In Response-9, SNPC has indicated that the response surface fitting

error is determined and included in the Monte Carlo uncertainty analysis.

|
The methods used to construct the response surface are generally conservative. However,

the SNPC methodology response surface selection criteda does not in general result in the base-

point having the maximum statistical uncertainty. In Response-8 of Reference-7 and Response-1

4
of Reference-9, however, SNPC demonstrates that for the case of the DNB and hot-leg

saturation lines and t'he Chapter-4 DNB transients this selection cdteria does result in the

maximum statistical uncertainty and is therefore acceptable for these applications. However, the

|'

E
.
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;

validity of this criteria is based on the specific selection of uncertainty variables and the assumed

uncertainty estimates. If additional variables are added to the DNB and/or hot-leg saturation ,

response surfaces or the uncertainty estimates change, this criteria should be reevaluated.

The proposed response surface selection criteria is not applied to the Chapter-4 low flow

and pressurization transients. In Response-2 of Reference-8, SNPC has indicated that for these

transients the analyses will be performed at the operating conditions which result in the most l
i

Iconservative transient setpoints.

I3.1.3 Ayial Shane Reset Function - F(AD

The axial shape reset function F(AI) provides the reduction in the AT trips to account for

axial power distributions more severe than the design peaking. Li Response-12 of Reference-7,

SNPC has indicated that the limiting conditions of operation have been included in the

determination of F(AI). Limiting core power level and axial power shape combinations are

selected. Severe axial xenon distributions are used to determine the axial power distribution as

a function of fuel rod burnup, power level and control rod insertion.

The axial power distributions used to determine the DNB OTAT F(al) penalty for axial

power shape depend on the core power level. The most DNB limiting axial power shape is

selected and provides a bounding F(AI) penalty function.
,

3.1.4 DNB Ouality Limit

The DNB correlations are typically only applicable below a specific upper quality limit.

The SNPC HTP DNB correlation is limited to qualities below the HTP quality limit while the

application of the W-3 correlation is limited to qualities less than 15"c. While the hot-leg I

saturation limit line will typically limit the exit quality to less than the HTP limit, this may not

7
)
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|

I
be the case for other DNB correlations. However, SNPC has indicated in Response-2

(Reference-7) that the XCOBRA-IIIC code used to calculate the DNB OT.iT limit line provides
|

a specinc edit to insure that the DNB correlation is within the applicable quality limit.

3.1.5 Steam Genemtor Safety Valve Limit Line

The Steam Generator Safety Valve (SGSV) limit line provides the lower limit on the DNB g
3,

.

IT setpoint at high core average temperatures. If the steam generator tube plugging levels are

unchanged SNPC will use the vendor SGSV limit line. However, if tube plugging levels

increase, SNPC should adjust the SGSV line as described in Response-16 of Reference-7.

3.2 Acolication of the Methodology

3.2.1 Egel end Plant Desiens

The setpoint methodology makes specific assumptions concerning the plant configuration

and core design. The proposed methods are applicable to Westinghouse plants which have

OP.1T and OTAT protective system trips of the form given in Sections 2.1 and 3.1, respectively,

of the topical report. The methodology is applicable to fuel designs for which SPNC has NRC-

approved methods for evaluating DNB and fuel melt.

In Response-1 of Reference-7, SNPC notes three potential simplifications of the

application of the statistical methodology. First, in plant-specific applications cerain variables

may be treated conservatively by taking them at their deterministic limits rather than treating

them statistically. Second, cenain licensing applications will only require the verification of a

prior vendors setpoints. In this case, the setpoint coefficients K, will not be recalculated but

rather an independent verification of the setpoints will be performed. Finally, for certain plants

I
8

I
I

---
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the total uncertainty allowance associated with the trip channel may be provided by the reactor

'

vendor. In this case, the individual trip channel component uncertainties will be replaced by a

single statistical total uncenainty allowance.

3.2.2 Setroint and Event Acclications

The setpoint/ transient analysis methodology is applicable to the setpoint determination for

specific reactor trips. The steady state methods of Chapters 2 and 3 are applicable to the

determination of the OPAT and OTAT trip setpoints. The transient analysis methods of Chapter-

4 are intended for the analysis oflimiting DNB and pressurization events, and the determination

of the OPAT, OTAT and other specified trip setpoints. The transient analysis methods of

Chapter-4 may be used to either determine or verify these setpoints (Response-18, Reference-7).

3.2.3 Code and Methods Acorovals

The proposed setpoint methodology employs several SNPC core performance codes /

correlations including RODEX2, XCOBRA-IIIC, XTG, and the XNB and HTP DNB I

correlations. In Response-Il of Reference-7, SNPC has indicated that, except for the HTP DNB

correlation, all of these methods have been approved. The HTP DNB correlation is presently I

under review and it must receive NRC approval before it may be used with the statistical

setpoint methodology.
,

3.2.4 Allowance for Uncertainties

The EMF-92-081(P) methodology performs a statistical determination of the 95/95

probability / confidence-level uncertainty allowance for the Reactor Protection System trip

setpoints. This analysis requires plant-specific uncertainty estimates for the important

measurement uncertainty components. In Response-6 of Reference-7, SNPC has indicated that
,

9
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| I
the uncenainty values for the average coolant temperature, core power level, pressurizer;

pressure, bistable, channel linearity and reproductibility, and axial flux difference measurement
i

| will be provided by the reactor vendor. The plant-specific power peaking uncertainties used will

I
be based on the Technical Specification values.

,

l Ii

E

E

I
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.

4.0 TECHNICAL POSITION

The Siemens Nuclear Power Corporation Statistical Setpoint/ Transient Methodology

Tropical Repw. EMF-92-081(P) and supporting documentation provided in References 7 and 8

have been reviewed in detail. Based on this review, it is concluded that the SNPC methodology

is acceptable for determining the Reactor Protective System setpoints for Westinghouse type
!
'

reactors subject to the conditions stated in Section-3 of this evaluation and summarized in the

following.

1) DNB and Hot-leg Saturation Resoonse Surfaces

The validity of the maximum arithmetic difference criteria for determining the

most conservative DNB and hot-leg saturation response surfaces is based on the
)

specific selection of uncertainty variables and their estimated uncertainties.. If

additional uncertainty variables are added to the DNB and/or hot-leg saturation

response surfaces or the uncertainty estimates change, this criteria should be

reevaluated (Section-3.1.2).

.

2) Low Flow and Pressurization Transient Resnonse Surfaces

The response surface base-point selection criteria does not determine the

maximum statistical uncertainty for the low flow and pressurization transients. For

these e nsients the base-point should be selected at the operating conditions which

result in the most conservative transient'setpoints (Section-3.1.2).

11

.
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3) Steam Generator Tube Pluenine

The steam generator safety valve line provides the lower limit on the DNB AT

I
serpoint at high core average temperatures. If steam generator tube plugging levels

: increase the SGSV line should be adjusted (Section-3.1.5). |
|-

! 4) HTP DNB Correlation |

The HTP DNB correlation is presently under review and it must receive NRC

,

j approval before it may be used with the statistical setpoint methodology (Section- g
i 5
: 3.2.3).

I I
i I
,

; I
i I
,

I
I

I
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NUCLEAR REGUt.ATORY COMMISSION DISCLAIMER

Ii
IMPORTANT NOTICE REGARDING CONTENTS AND USE OF THIS

DOCUMENT l
:
t

PLEASE READ CAREFULLY 1

i

This tod1rucal report was denved through research and development programs
sponsored by Siemens Nudear Power Corporabon. Itis being submitted by Siemen s
Nudear Power Corporacon to the U.S. Nuclear Aegulatory Cornmission as part of a

i
tedinical contnbuten to facsli:ste safety analyses by licensees of the U.S. Nuclear
Regulamry commission whidt unlize Siemens Nuclear Power Corporacon-fabn-
cased reioed fuel or other techrncal services provided by Siemens Nuclear Power
Corporation for Eght weser power reactors and it is true and correct to the best of
Siemens Nudear Power Corporanon's knowledge, informanon, and belief. The
informanan contained herovi may be used by the U.S. Nucleat Regulatory Commis.
sion in its review of this report, and uncke the terms of the respeenve agreements, by

1

Econsees or applicants before the U.S. Regulatory commission which are customers
of Saemons Nuclear Power Corporanon in their demonstranon of compliance with the
U.S. Nudear Regulatory Commission's regulacons.

Siemens Nudear Power Corporanon's warrances and representanons concoming
the sub ect matter of this doczament are those set forth in the agreement betweeni
Seemens Nudear Power Corporanon and the customor to which this document is
issuott Accordngh except as otherwise expressly provkfed in such agreement,,

neither Siemens Nudear Power Corporacon nor any person acnng on its behalt:

A. Makes any warranty, or representanon, express or
implied, with respect to te accuracy, complete-
ness,orusefulness of theinformaconcontainedin
this document, or that the use of any informacon,
apparatus, method, or process disclosed in this
(bcumentwiB notinfringe privately owned nghts, or

B. Assumes any Isabsiibes with respect to the use of,
or for damages resultng from the use of, any

i'riformason, apparatus, method or process dis-
dos.d _ s _ _

g
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1.0 INTRODUCTION
.

This report describes Siemens Nuclear Power Corporation's (SNP) methodology for statistical

transient analyses, including the statistical development of the trip protective systems, utilized in

|
Westinghouse type pressurized water reactors (PWRs). The methods described in this report are

I conceptually the same as those in SNP's approved statistical setpoint methodology for

Combustion Engineering plantsIII. The primary differences are in the forms of the trip equations

and the NSSS vendor specific terminology. The method for statistically combining uncertainties

is that presented in SNP's approved Generic Statistical Uncertainty Analysis MethodologyI9'll)

(GSUAM).

-

Section 2.0 of this report provides the bases and methods used to develop the overpower AT

(OPAT) trip setpoint function. Section 3.0 gives the bases and methods used to develop the

overtemperature AT (OTAT) trip setpoint function. Section 4.0 provides the methodology utilized

in the statistical transient a'nalyses. Section 5.0 describes the methods used to generate the core

power distributions employed in the verification of the F(al) trip reset functions. Section 6
'

contains an example of the statistical setpoint/ transient methodology as applied to a typical three-

loop Westinghouse plant.

'

<

.

.
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2.0 OVERPOWER AT REACTOR TRIP SETPOINT

The OPAT is designed to protect the Specified Acceptable Fuel Design Umit (SAFDL) on fuel

centerline melt during normal operation, operational trar) stents and AOOs, such that with 95%

probability and 95% confidence no location in the core experiences fuel centerline melting.

AOOs which may challenge the SAFDL are those which result in an uncontrolled power

ascension or a drastic core power redistribution. Typical events to be considered are:

e Uncontrolled RCCA Withdrawal
'

e Uncontrolled Boron Dilution

e increased Feedwater Flow

e Decreased Feedwater Heating

o Excessive Load increase

.

) .

.
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~
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2.1 Description of the Overpower AT Trip Function

The general format of the OPAT setpoint'is: l

( 1[,,,) sa T. W.-4 ( 1), 3) ( 1[,,,) T-M (T( 1[,,3) -M -F( A D ) (2.1)
AT

!

| where:

measured AT, F-degrees;AT =

j AT indicated AT at rated thermal power, F-degrees;=
O

f T indicated average reactor coolant temperature, 'F=

! T' indicated average reactor coolant temperature at rated=

thermal power, 'F

| K a preset, manually adjustable bias=
4

K.5 a constant that compensates for piping and thermal delays,=

1/*F;

j K
6 a constant that accounts for the effects of coolant density=

'

and heat capacity o'n the relationship between AT and

thermal power,1/*F;

S Laplace transform operator,1/sec;=

(1 + t) *S)/(1 + t2S) lead-lag compensator on measured AT=
,

1/(1 +t *S)3 Lag compensator on measured AT=

1/(1 +t *S)S
g compensator on measured average coolant=

g
temperature 5

t S/(1 + t *S)7 7 the function generated by the rate-lag controller for average=

coolant temperature dynamic compensation

F(AI) a function of the indicated flux difference between the top=

and bottom detectors of the power range nuclear ion

chambers (Al) !

The excore neutron flux detectors measure the relative powers in the top (P ) and bottom (P )
t b

of the core such that Alis defined as (P - P ). The relative powers also define the axial offsett b

(AO):
p* , p"

AO= (2.2)P, .,g

The axial offset is a relative measure of the skewness of the axial power distribution.

. I
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2.2 Overpower AT Setpoint Calculation Overview

The calculational procedure for generating the OPAT setpoint equation consists of three steps:

1) A fuel centerline melt limit is determined which accounts for the dynamic effects,

not compensated for by the K transient term or the lead-lag compensator on5
measured AT. A discussion of the criterion and methods used in determining this )
limit is presented in Section 2.3.

I
2) The OPAT K and K trip coefficients are determined which prevent the plant from4 6

violating the determined fuel centerline melt limit with 95% probability and 95%
'

confidence. A specified design F is used in the determination of theseg
coefficients. Section 2.4 presents the method with which these coefficients are

determined.

3) The F(AI) reset trip function is determined. The F(Al) function addresses the

impact on the core protection limits from core power distribytlons more adverse

than the design F used in the generation of the K and K trip coefficients. Theg 4 6
procedure for evaluating the F(AI) trip reset function is described in Section 2.5.

The process for determining the OPAT trip equation is very similar to SNP's approved

Combustion Engineering plant statistical LPD analysis methodology ).II

|
|

2.3 Overpower ATTransient Compensation and Fuel Melt Umit Determination

The first step in the statistical developmerit of the OPAT trip equation is the determination of a

fuel centerline melt limit which accounts for the dynamic effects not compensated for by the K
5

transient term and the lead-lag compensator on measured aT. The OPAT K and K trip
4 6

coefficients, and the F(Al) function are all generated in a manner which assumes '

in a transient event, due to trip processing anr1 scram time delays, the peak power

reached will be above the power level at which trip occurs. To cover this transient over-shoot,
.

_ _ _ . _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ . _ _ _ _ _ _ . - - - _ - - - - -



Il

EMF-92-081(NP)(A)
Page 5

.

There are two transient comoonents in the OPAT setpoint. There is the lead-lag compensator

which adjusts the measured AT and there is the K rate-tag controller term, which adjusts for the5
dynamic variation of the average coolant temperature. The K coefficient and the time constant5

values are plant specific and must be chosen to reduce sensor noise and to provide protection

to the centerline melt SAFDL during transients. In general, the K trip coefficient and the time5
constants will not change due to changes in fuel design or changes in fuel operating limits. This g

is because these terms depend primarily upon sensor, signal processirg and loop transport

delays which are system and not core related.

I
The K transient compensator is designed to adjust the OPAT trip for transient events in which

S

the average coolant temperature is increasing. That is, events in which power is increasing. The

adequacy of the compensator is dependent on the range of power ascension rates that can

occur in a given plant. To determine the transient over-shoot, a series of power excursion events

'are modeled using an approved transient simulation code. A temperature adjustment is

determined which bounds that of any AOO which could result in the occurrence of fuel melt. A

transient compensated fuel melt temperature is determined by adjusting an approved fuel melt

temperature curve by a bounding transient compensation adjustment.

To determine the temperature of the various fuel rods contained in th's core, each of the limiting

fuel rod types are analyzed with an approved fuel rod model. These analyses determine the

temperature of a given rod as a function of burnup and power level. The resultant temperatures

are then compared with a transient compensated fuel melt temperature to determine the

respective fuel melt power level as a function of burnup for each of the various fuel types.

I-
Over the cycle of consideration, the determined fuel melt power levels and respective assembly

peaking factors are compared to determine an LHGR limit for the peak F location in the core.O
This limit is set so that when the peak F I cation in the core is at or below this power level, noO
location in the core will undergo fuel melt. The assembly peaking factors for the cycle of concern

are generated with an approved three-dimensional neutronics code.

I
.

E
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2.4 Overpower AT Trip Coefficient Generation

The which need to be accounted for have been incorporated into the

fuel centerline melt limit. By removing the transient terms and the F(AI) reset trip function, which
'

is addressed in' Section 2.5, the OPAT setpoint equation can be simplified to:

I
A Ts A T (KJ -K6 ( T-T') ) (2.3)o

I ,

I

Using this equation, a set of K and K trip coefficients is determined which will prevent4 6
the core power level at which centerline melt may occur from being obtained. Then, K is

4
adjusted to result in the Technical

Specification setpoint equation.

E -

I
I

I

I
.

1

I i

I !

I
I
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I
I
I
I

Part A in equation 2.5 represents the nominal results while part B represents the uncertainties. *

-

I

I'
The resultant factor is multiplied

onto (A) to get the core protection limit which the OPAT trip will be shown to protect.

The steady-state form of the OPAT setpoint with the F(AI) reset trip function removed was

presented in equation 2.3. This can be rearranged to be:

fT SK4-K6( - ) (2.6)
a

I
The allowable K constant is closely related to the core protection limit power for centerline melt,4

equalling the ratio of the vessel AT at the protection limit to the vessel AT at the nominal rated |

power operating point. This ratio has a small pressure dependence. Because a smaller value
'

I

I

I
.

I
.
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of K provides more margin between the fuel centerline temperature at trip conditions and the4
temperature corresponding to the SAFDL on centerline melt, K is conservatively defined by: - 1

4

I
I
I

The value of to occur within the pressure range delimited by

the uncertainty adjusted high and low pressurizer pressure trip setpoints. Due to the physical

variation of the specific heat of water with pressure, this will occur at the minimum allowable

pressure.

The K term of the OPAT equation accounts for the effects of the increasing vessel average
I

6

temperature on the relationship between vessel AT and core power. At constant pressure and

power, an increased vessel average temperature results in a smaller vessel AT due to the

increase in specific heat of water with temperature. Therefore, the OPAT setpoint must be

reduced at average temperatures above the nominal average temperature. The value of K is
6

developed using the following equation:

\

l
|

|1

I .

!

1 |

5 |

I
1

-- --
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I
.

I.

To assure that the OPAT setpoint is equation is conservative, the K coefficient must be
6

maximized.

I
These generated K and K coefficients result in the OPAT trip equation. The4 6
uncertainty adjusted trip, which goes into the plant Technical Specifications, is determined by

A list of typical uncertainty parameters included

in the OPAT setpoint analysis is presented in Table 2.1. All of these uncertaintles, with the

exception of

To determine the statistical adjustment, a Monte Carlo analysis is performed in which the i

assumed distribution of each parameter is modeled explicitly. The 95/95 bounding value

is the resultant Technical Specifications value for the plant. The distributions assumed for each

parameter are From the central limit theorem the resultant

distribution should be approximately normal, whether the individual distributions are assumed to
;

be normal or not.

I-

2.5 Overpower AT F(AI) Trip Reset Function

The OPAT were developed so as to prevent fuel centerline melt from
.

occurring with 95% probability and 95% confidence with the power peaking at the design F .g

I
1.

I.
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The OPAT F(AI) trip reset function is designed to account for the effects of core power

distributions which result in F 's more adverse than the design F 'O O

I

The value of Al for a given core configuration is calculated from: |
|

~

A I=Ao * P - (2.9)

where: Al axial flux differenceI =

AO axial offset=

P a conservatively low power fraction at which melt could occur for=

a respective axial distribution and associated FC

The value of the AO employed is that calculated from the core average axial power distribution j

F(Z) and thus represents the core average axial offset. The resultant Al value represents the

minimum indicated Al at which fuel melt can take place. A description of the method used to

generate the axial distributions utilized in the OPAT F(AI) analysis is presented in Section 5.

I
The steps involved in the statistical development of the OPAT F(AI) reset trip function are:

Determination of the limiting nominal fuel melt power levels as a function of Al*

(PNOM)
{I

I !
(

l
I

E {
Calculation of required F(AI) corrections given core AT's of melte

A discussion of these steps employed in the OPAT F(AI) reset function statistical analysis follows. {

I

)
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I
For each of the generated axial distributions, the fuel centerline melt power level is determined

A great number of the generated axial distributions

have approximately the same 41. For a given small Al range, the axial distribution producing the

lowest fuel. melt power level is determined and retained.

range is specified by:

I
~

I
I

I
I

Accounting for uncertainties, the core power level at which fuel melt is precluded occur is

specified by the equation:

I
I

|

'

.

I
'

I,

This equation and the fuel melt equation for the design F , equation 2.4, are effectively the same.g I
I

.
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The core power level of fuel melt is determined

accounting for uncertainties. These power levels are

identified as P values. The same uncertainties considered in the generation ofDF
assumed here. Those axial distributions having P values greaterDET

than the design F core power limitg

Around the P values power probability distribution tables areNOM
generated. In the statistical calculation of the uncertainty adjusted ailowed power level, equation

2.11, the parameters To determine

the probability density of the multiplicative factor on P nd bias factors, a Monte CarloNOM
simulation is performed. In this calculation the distribution of each of the respective uncertainty

parameters is explicitly modeled.

A joint probability curve is then generated for the power dependent probability and the

uncertainty distribution of Al. Mathematically this can be expressed as:

J(FueEm )=0.05 (2.12)

where J is the joint probability distribution. The result is the power level as a function of Al

at which fuel melt is prevented with a 95% probability and 95% confidence.

Each of the Pf!OM points results in a series ot 95/95 power levels and Al's. The most limiting
of all power levels as a function of Al are identified. These respective

power levels, identified as P values, are the power levels which the OP AT trip and respectiveUNC
F(AI) reset must prevent from occurring.

The OPAT trip equationis in units of core AT. Therefore, to make the units consistent, the fuel

melt core AT's are calculated for each of the respective PUNC power levels. In this calculation

|

I

_

.
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j The static form of the OPAT setpoint equation (Eq. 2.1) is:

A Ts A T (K4-K6 ( T- T') -F( AI) ) (2.13)

!

For the purposes of determining the required F(AI) reset trip function this equation can be

reduced to:

A Ts A T (K4-F( AI) ) (2.14)o

| In operation, the core AT must remain below the right hand side of the side of the equation.

Translating this into the prevention of fuel melt, the AT of fuel melt, ATFM, must remain above
this right hand side, or:

A Tg A T (K4-F( AI) ) (2.15)o

rearranging this equation results:

AT5F( AI) 2K4- (2.16)

The required F(AI) correction is calculated for each of the AT values. A bounding F(AI)FM
correction is determined to prevent centerline melt for F 's more severe than the design F .O g

A sample plot of a bounding CPAT F(AI) function is presented in Figure 2.1.

- I
I
I!
I
I

.
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Table 2.1: Typical Uncertainties Applied in OPAT Setpoint Analysis

I
I
I

I
I

i

I
I

.

I
I
'I
I

|

|

!I

I -
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3.0 OVERTEMPERATURE AT REACTOR TRIP SETPOINT
,

The OTAT trip is designed to protect the SAFDL on DNB and to prevent boiling in the vessel hot |
legs during normal operation, operational transients and AOOs. The trip is set such that with |

95% probability and 95% confidence, neither DNB nor hot leg saturation will occur. The

prevention of boiling in the hot legs permits the measured temperature differences across the

vessel to be used to calculate power for use in the protection system. A00s which may

challenge the OTAT trip are those which result in an uncontrolled power ascension or a drastic

core power redistribution. Typical events to be considered are:

e Uncontrolled RCCA Withdrawal

e Uncontrolled Boron Dilution i

e increased Feedwater Flow
I

Decreased Feedwater Heating je

e Excessive Load increase

<
The onset of DNB in the core or boiling in the hot legs is dependent upon the average coolant {
temperature, the primary system pressure and the core thermal power,

c

__ _ _ . _ . _ _ _ _ _ _ _ _ _ _ . _ _ _ _ _ . _ _ . . . _ . _ _ _
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\
! 3.1 Description of the Overtemperature AT Trip Function ;

'

.

The general format of the OTAT trip setpoint is:

I'.

Iar ([[{ , ( 3 ,,,) sar,(% ( [[y'h (T( 1, ,) +) +4 (M9 +( n))
. (3.1)f

1

I,

where:
'

AT measured AT, F-degrees=

AT indicated AT at rated thermal power, F-degrees=
O

T indicated average reactor coolant temperature, 'F=

T' indicated average reactor coolant temperature at rated=

thermal power, 'F

P pressurizer pressure, psig=

P' =, nominal pressurizer pressure at rated conditions, psig g
K

3
a preset, manually adjustable bias u=

K
2 a constant that compensates for piping and thermal delays= g

and for changes in design limits with temperature,1/*F 5
K

3 a constant that compensates for changes in design limits=

with pressure,1/ psi

S Laplace transform operator,1/sec=

(1+t *S)/(1 + t *S) Lead-lag compensator on measured AT=
3 2

1/(1 +t *S)3 Lag compensator on measured AT=

(1+t *S)/(1 +t *8) .= Lead-lag compensator on average coolant temperature4 S

1/(1 +t *S) Lag compensator on measured average coolant=
S

temperature

F(AI) a function of the indicated flux difference between the top=

and bottom detectors of the power range nuclear ion

chambers (AI) 1

I!

I
I~

;

_ _ _ - - - - - _ _ _ . .
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3.2 Overtemperature AT Setpoint Calculation Overview

There are two main parts to the statistical development of the OTAT setpoint equation. There

is the generation of the OTAT trip coefficients, K1, K2 and K3, and there is the determination of

the F(AI) reset trip function. The OTAT setpoint fulfills many of the same protective functions as

does the themi i margin / low pressure (TM/LP) trip setpoint in Combustion Engineering type '

plants in consequance, by the nature of the conditions being prevented, the employed OTAT

calculational processes are very similar to those presented in SNP's approved statistical TM/LP

setpoint procedure ).II

These results are the basis for determining the adequacy of the desired trip function. The

methodology for the statistical determination of the OTAT trip coefficients K1, K2, and K3 is

presented in Section 3.3. The statistical OTAT F(AI) methodology is presented in Section 3.4.

.

All of the statistical OTAT setpoint calculations are performed The

transient compensator terms of the equation are verified in the performance of the Standard

Review Plan Chapter 15 transient analyses. A discussion of the Westinghouse type plant

statistical transient analysis methodology is presented in Section 4.

3.3 Overtemperature AT Trip Coefficient Generation

This section will present the methodology for the statistical calculation of the OTAT K , K and
3 2

K trip coefficients. The steady-state form of the OTAT setpoint equation (eq. 3.1) is:3

A Ts A T (K -K ( T-T') +K ( P-P') -r( A I) ) (3.2)3 2 3

By removing the F(AI) reset trip function, which is addressed in Section 3.4, this equation can be

further reduced to:

.
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I *

|

A Ts4 T (K -K (T-f) +K (P-P') ) (3.3)o 1 2 3
,

The calculational process for the OTAT setpoint is:

Determine average coolant temperature and core AT's resulting in the target! e
| . -

| MDNBR and/or hot leg saturation assuming nominal parameter values

! (NOMSCA'N)

I
I

:

|

I
4

Calculate acceptable OTAT trip coefficients for statistically adjusted conditionse

A more detailed description of these calculational processes follows.
!

in the NOMSCAN portion of the OTAT statistical setpoint development procedure the average
'

coolant temperature and core AT are varied

! The range of average coolant temperatures and core AT's to be considered is set

by the plant's CPAT setpoint equation line and by a limit line representing the Steam Generator

j Safety Valve (SGSV).

I:

| Those parameters which

,

-

_ _ _ _ _ _ _ _ _ _ _ _
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t

~.

are not going to be treated statistically are set to their respective deterministic values. Table 3.1
|

provides a list of typical parameters considered statistically by the OTAT analysis. Figure 3.1

presents a graphical representation of the results of a typical NOMSCAN analysis,

in the NOMSCAN calculation all input parameters

!
The sufficiency of this axial distribution j

relative to the setting of the al" dead cand"is verified in the OTAT F(al) analysis (Section 3.4). I

.

The uncertainty

variation methods for the generation of the response surface are given in SNP's approved
GSUAM methodology (2,3) ,

.

Ifit is desirable and justifiable a number of different DNB AT response surfaces can be generated

and applied over respectively bounding spaces (e.g., high pressure and low pressure). The

purpose of this modification would be to apply more representative yet conservative uncertainty

adjustments..

To determine the statistical core AT penalty for DNB conditions, a Monte Carlo calculation is

performed. The Monte Carlo calculation is performed using equation 3.4, which contains the

response sorface

--___ _ _ _ _ _ _ _ _ _ _ _ _ _ _
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I
I
I

~

I,

' I
I

in this series of Monte Carlo calculations, the parameters of the response surface,

| The 95/95

| minimum value of S is the objective statistical DNB AT adjustment.

.

The hot leg saturation DETSCAN calculation

I.

I
I
I'

I
I,

1

I
To determine the statistical hot leg saturation core AT penalty, a Monte Carlo calculation is

performed about the hot leg saturation conditions

I
_ - _ _ _ __
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4

.

This hot leg statistical penalty determination differs from that performed for DNB only in that the

response surface are different. The hot leg saturation Monte Carlo

calculation is performed on the equation:

I
I

I

I

.

The 95/95 minimum value of S is the objective statistical hot leg saturation AT adjustment.

The statistical DNB and hot leg saturation AT adjustments are applied -

With the uncertainty

adjusted points a set of limit lines are determined. These adjusted limit lines specify the

conditions at which DNB and hot leg saturttion are prevented with at least 95% probability and

95% confidence.

I
A set of OTAT trip coefficients is determined which will bound the Jncertainty adjusted safety limit

lines. These coefficients are subsequently compared with th<s trip coefficients supported by the

statistical transient analyses (Section 4.0). *

1

|

| .
-
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3.4 Overtemperature AT F(AI) Verification

The OTAT setpoint equation (Eq. 3.1) is developed so as to prevent the occurrence of DNB in

the core with 95% probability and 95% confidence. The purpose of the F(AI) reset trip function

is to compensate for axial distributtons which are more limiting than the design axial distribution
,

uced !.a. thc dcvelopment of the OTAT K , K , and K trip coefficients. As in the statisticalj 2 g

devslopment of the OTAT trip coefficients, the statistical OTAT F(AI) process is very similar t
ESNP's approved Combustion Engineering statistical TM/LP setpoint analysis ).II W

The process for evaluating the OTAT F(AI) reset trip function has many of the same components

as the DNB portions of the OTAT base calculation. The steps are:

I
Identify the axial distributions most limiting with respect to DNB as a function ofe

Al (AXSCAN)

I
I
I
I
I:

Il

I
Convert the required trip AT adjustments into trip units to estab!!sh the F(AI) resete

trip func lon
,

I
- -_ ..
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.

.

A description of these calculational processes follows.

The axial distributions which are used in the evaluation of the OTAT F(Al) reset trip function are

those axlats which result in

The procedure for

the generation of the axial distributions is presented in Section 5.0.

In the NOMSCAN portion of the statistical OTAT F(al) reset trip function procedure,

.

[

-
.

In the DETSCAN portion of the statistical OTAT F(al) methodology,

o

|

|
*
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I
I
I

a response surface of core ATis determined. The process used to generate this

response surface is very similar to that used in the generation of the base OTAT DNS response

surface.

The

ancertainty variation methods for the generation of the response surface are given in SNP's

approved GSUAM methodology (2,3). A list of typical uncertainty parameters considered in the

OTAT F(al) verification is presented in Table 3.1.

If so desired, and justifiable,

The purpose of this

would be to apply more representative yet conservative uncertainty adjustments.

To determine the core AT uncertainty probability distribution, a Monte Carlo calculation is
performed

I
I
II
I
I
I|

- I
!
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.

The result of the Monte Carlo calculation is a AT uncertainty adjustment probability table. In

this calculation the distributions of each of the respective uncertainty parameters is explicitly

modeled.

A joint proomoiiity curve is then generated for the AT adjustment probability table and the

uncert:!nt/ distribut!cn of A!. Mathematically this can be expressed as:

J(Fare F4I) =0. 0 5 (3.7) !

'

where:

J Joint probability distribution=

!FAT Probability of given AT adjustment=

F; probability of given Al adjustment=
3

The joint probability curves are applied to the respective NOMSCAN files to determine the core

AT's and Al's at which DNB is prevented from occurring with 35% probability and 95%
|

confidence.

(
II

A plot of a representative comphrison is |

presented in Figure 3.2. A sample OTAT analysis is presented in Section 6.0.I
i

I
I
I
I
I

-
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.

{ Table 3.1: Typical Uncertainties Applied in OTAT Setpoint Analysis '

i
'

| *
Uncertainty source Uncertainty value

.

1

I
:

| I
I
I
I
I'

I
Ii

1

I
I|

I-

I
_ _ _ _ _ -_ . - .
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*

.

Table 3.2: Typical Uncertainties Applied in OTAT Saturation Temperature Calculation

*
Uncertainty Source Uncertainty Value

|

<
.

'

(

(

(
.

4

<

l .
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4.0 STATISTICAL TRANS!ENT ANALYSIS METHODOLOGY

The Westinghouse type plant statistical transient analyses will be performed in a manner which

rosults in the protective system setpoint required to prevent exceeding the respective limit with

95% probability and 95% confidence. For example, the uncontrolled rod withdrawal event is
,

protected by the OTAT and high flux trip setpoints. The value of one or both of these trips would

be determined which prevents the occurrence of the respective limit of concern (e.g., DNBA).

|

| The first step in the transient analysis process is

| These transient simulations will be done

| according to an approved methodology.

|
'

,

i

1 .

|

The statistical transient calculational process for Westinghouse type reactors is very similar to the

process outlined for the OTAT and OPAT trip setpoints. The calculational steps are listed below.

|

'A more detailed description of the calculational process follows. {
!.

:
!

. . _ _ _ _ _
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i

!

j

i

|
|
' in the statistical transient DETSCAN analysis, all of the uncertainty parameters are set to their

respect!ve values. The trip setpoint is then determined which will produce the

i limit (e.g. DNBR or RCS overpressure).

| In the statistical transient NOMSCAN analysis, the uncertainty parameters which are treated

statistically are set to their values. All of the parameters which are not treated

statistically are set in accordance with an approved deterministic transient analysis methodology.

I
I
I
E

I
GSUAM methodology (2,3)

l

To determine the 95% probability /SS% confidence uncertainty adjusted trip coefficient, a Monte

Carlo calculation is performed on the generated response surface. In addition to the uncertainty

parameters in the response surface, the trip specitic uncertainties are also included in the Monte

!

l

. _ _ _ _ _ _ _ _
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Carlo calculation. The various parameter uncertainties and their respective distributions are

explicitly modeled in the. Monte Carlo calculation. The values and distributions of the various

uncertainty plant parameters will be justified on a plant specific basis.

.

The 95/95 trip coefficient from the Monte Carlo calculation is

to determine the trip statistical uncertainty adjustment. This statistical

uncertainty adjustment is applied

The most limiting of the resultant trips is the setpoint which will prevent the

transient from violating the respective limit with 95% probability and 95% confidence and will be

used in the setting of the Technical specification value. If the trip being considered is either the

OPAT or OTAT, the resultant trip is compared with that which was generated in the statistical

setpoint analysis. The most limiting of the statistical trip values is used in the setting of the

Technical Specifications.

A list of parameters typically treated statistically in the transient analyses is presented in Table
.

4.1. A sample statistical transient analysis utilizing the method described above is presented in

Section 6.

As an alternative to the above described method, the Rod Control Cluster Drop (RCCD) and Loss

of Coolant Flow transients may be performed with a method very similar to that described in

SNP's approved Combustion Engineering type plant statisticaltransient analysis methodology ).U

The protective systems for the two plant designs are functionally equivalent for these particular

events.

Postulated accidents. are allowed to have a limited amount of fuel failures caused by the
penetration of DNB.

.

4

- ---
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Table 4.1: Parameters Typically Treated Statistically in Transient Analyses

,e

e

e

d

|

.

~

_ . . _ . . _ _ . _ _ _ _ _
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5.0 NEUTRONICS ANALYSIS

The purpose of this section is to describe the generation of the core power distributions utilized

in the determination of the F(AI) portion of the reactor trip functions. An F(AI) adjustment is used

in the overpower AT trip function to account for the effect of varfations in the core axial power

distribution on the margin to fuel centerline melt. Another F(AI) adjustment is utilized in the
,

overtemperature AT trip function to account for the effects of variations in the core axial power

distribution on t'he margin to DNB. The F(AI) terms are functions of Al, the difference in power

(neutron flux) between the top half and bottom half of the core.

|

The following !s a description of the procedure used in establishing the reactor core model which

generates the axial power distributions (APD) used in the setpoint analyses.

~

1. For the reactor being analyzed, a three-dimensional modelis assembled and depleted for

previous cycles. Results from these calculations provide the necessary fuel assembly

exposure distribution for the cycle being analyzed.

|

2. For the core design being analyzed the three-dimensional modelis depleted to simulate

the expected behavior of the core during the cycle.

>

.

8

4

-

'' ''

.
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i I
5. From the cases in Step 4 the core power and core maximum values of F and F are |AH g

j obtained

.

I

l.

i 1
4

t

! I
:

i I

4
0

4
s

I

: .
,

i
C

|
I

E

I



1

|

EMF-92-081(NP)(A)
Page 38

.

6.0 SAMPLE CALCULATIONS

6.1 Sample Calculation Introduction

This section presents a sample implementation of the statistical setpoint and transient

methodology for Westinghouse type plants, in this demonstration, the OPAT and OTAT setpoints

will be developed. In addition, a sample statistical uncontrolled rod withdrawal analysis will be

performed. The OPAT reactor trip setpoint provides protection of the SAFDL on fuel centerline

melt. The OTAT reactor trip setpoint provides protection of the SAFDL on DNB and precludes

the occurrence of coolant saturation at the vessel exit. Final confirmation of the OPAT and OTAT j

setpoint equations is provided by the plant transient analysis.
,

|

A summary of the CPAT and OTAT setpoints developed via this methodology is provided in

Section 6.2 of this document. In addition to the resultant trips, the respective plant conditions

assumed during the calculations are also provided in Section 6.2. The calculations and results

of the sample OPAT setpoint development are given in Section 6.3. In Section 6.4, the results

of a sample OTAT calculation are provided. Section 6.5 presents a sample statistical analysis

of the uncontrolled rod withdrawal event.
.

!

|
t
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,,

6.2 Sample Calculation Summary

|

OPAT and OTAT reactor trip setpoints have been developed for a typical 3-loop Westinghouse

plant operating at 2300 MWt. These setpoints are to respectively provide designed protection
'

of the SAFDLs on fuel centerline melt, coolant saturation at the vessel exit and DNB for

Anticipated Operational Occurrences (AOO). The plant conditions assumed in the development

of these trips are presented in Table 6.2.1. The applied uncertainties are presented in the

respective analysis sections The resultant OPAT and OTAT setpoint equations are given in

Tables 6.2.2 and 6.2.3 respectively.

I!
These analyses were performed in accordance with the SNP. methodology described in the |

~

previous sections of this report. Important design inputs to the setpoint calculations are provided

in Sections 6.3 and 6.4. A statistical uncontrolled rod withdrawal transient analysis was also

performed that confirmed ,the OTAT K coefficient generated in the setpoint analysis. The
3

important inputs to the statistical transient analysis are present in Section 6.5.
'~

I
I
E

I
.

I
I
I
I

.

I
- -
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.

Table 6.2.1: Sample Calculation Plant Conditions
-

Deslon Parameters Value

Core Thermal Power 2300 MWt

Rated Power Vessel Ave. Temp. 575.4 'F

Primary System Pressure 2250 psia

Minimum Allowed Pressure 1850 psia

Maximum Allowed Pressure 2400 psia |

(High Pressurizer Trip)

Vessel Coolant Flow (Minimum) 97.3 Mlbm/hr

Bypass Flow Fraction 4.5%

Steam Generator Pressure (Dome) 800 psia -

|

Steam Flow per Steam Generator 3.37 Mlbm/hr |
Number of Fuel Assemblies 157

Number of Fuel Rods / Assembly 204

Fuel Rod OD 0.424

Active Fuel Length 144 in.
,

Design F 1.70AH
,

TDesign F 3.01g

)
*

.

i
i

d

e

_ _ _ _ _ _ _ _ _ _ _ _ . _ _ _ _ _ _ _ _ . _ _ . .
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!

! Table 6.2.2: Overpower AT Rcactor Trip Setpoint for a 3-Loop Westinghouse Plant
|

I

2 1 * 1AT ( g) s A T. (K.-K,( 1,'t 3) ( 1,t 3 ) 7-4 m ,11 t 3)-M WD ).

where:

AT measured AT, F-degrees=

AT indic ted AT at rated thermal power, F-degrees=
O

T .' indicated average reactor coolant temperature. *F

T' 575.4 'F, indicated average reactor coolant temperature at=

rated thermal power

K 5 1.110
4

K 0.20/ 'F for increasing average temperature and 0 for=
5

. decreasing average temperature,1/*F; .
.

K 0.0027 for T > T' and 0 for T,yg 5 T'
=

6
S Laplace transform operator,1/sec;=

(1+t *S)/(1 + t *S) Lead-lag compensator on measured AT=
3 2

3 2 Time constants utilized in lead lag compensator for AT,v,v =

'

t) = O sec, 52= 0 sec g
1/(1 +t *S) Lag compensator on measured AT E=

3

3 Time constant utilized in lag compensator for AT,13= 0v =

see

1/(1 + t *S)S
g compensator on measured average coolant=

'temperature

6 Time constant utilized in lag compensator for measuredt =

~

average coolant temperature, T6= 0 sec

t S/(1 + t S7) the function generated by the rate lag control!er for average=
7

coolant temperature dynamic compensation

7 Time censtant utilized in rate-lag controller for averaget =
,

coolant temperature dynamic compensation, t7= 10 see
F(AI) See description on next page and Figure 6.2.1 l

=

l
'

Il
l

1

|
|
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Table 6.2.2 (Cont.)

:

F(AI) is a function of the indicated difference between top and bottom detectors of the power-

| range nuclear lon chambers, with gains to be selected based on measured instrument response

during plant startup tests such that::

.

i ..

| (i) for q '9 between +12 percent and -4 percent, F(al) = 0, where q and q are percentt b t b

| RATED T,1t:RMAL POWER in the top and bottom halves of the core, respectively, and

| c't+9b is total THERMAL POWER in percent of RATED THERMAL POWER (2300 MWt),

F(AI) n O. For every 2.4% below the r~ated power (2300 MWt) level, the permissible

positive flux difference range is extended by +1 percent. For every 2.4% below the rated

power (2300 MWt) level, the permissible negative flux difference range is extended by 1.

percent.

i (ii) for each percent that the magnitude of qt'9 exceeds +12 percent, the AT trip setpointb
shall be automatically reduced by 2.4 percent of its value at RATED THERMAL POWER

(2300 MWt). ,

Li
(iii) for each percent that the magnitude of q '9 exceeds -4 percent, the ATtrip setpoint shallt b

be automatically reduced by 2.4 percent of its value at RATED THERMAL POWER (2300
-

MWt).

!I

I
i

E

;I
.
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Table 6.2.3: Overtemperature AT Reactor Trip Setpoint for a 3-Loop Westinghouse Plant |

aa::::n,2,, .m.::::: ,a.,>-~.--
.

where:
,

AT measured AT, F-degrees |=

AT
O indicated AT at rated thermal power, F-degrees=

T indicated average reactor coolant temperature, 'F=

T* 575.4 'F, indicated average reactor coolant temperature at=

rated thermal power

P pressurizer pressure, psig
|

=

P' 2235 psig, nominal pressurizer pressure at rated conditions=

K g 1,189
3

K2 0.01228 (1/F-degrees) |
=

K
3 0.00089 (1/ psi)=

S Laplace transform operator,1/sec;=

(1+t *S)/(1 + t *S)3 2 Lead-tag compensator on measured AT=

Time constant utilized in lead-lag compensator ont$,t2 =

measured AT, t3 = 0.0 see

1/(1 +t *S)3 Lag compens:itor on measured AT=

3 me conswit utilized in lag compensator on measured AT,v =
'

,

r M sac3

(1 + t *S)/(1 + t S)4 5 Lead-lag compensator on average coolant temperature=

4 Time constant utilized in lead-lag compensator on average |
T =

coolant temperature, t4= 20.0 see

5 Tirhe constant utilized in lead-lag compensator on averaget =

coolant temperature, t5= .0 see
,

1/(1 + t S)6 Lag , compensator on measured average coolant=

temperature,

6 Time constant utilized in lag compensator on measuredT =

average coolant temperature, t6= 0.0 sec

|~

I
-
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Table 6.2.3 (Cont.)

F(AI) a function of the indicated flux difference between the top=

and bottom detectors of the power range nuclear ion

chambers (Al). See discussion below and Figure G.2.2.

>
8

-

F(AI)is a function of the indicated difference between top and bottom detectors of the power-

range nuclear ion chambers, with gains to be selected based on measured instrument response

I during plant startup tests such that:

(i) for q '9 between +10 percent and 17 percent, F(Al) = 0, where q and q are percentt b t b
RATED THERMAL POWER in the top and bottom halves of the core, respectively, and

q +9 is total THERMAL POWER in percent of RATED THERMAL POWER (2300 MWt),t b
| F(Al) = 0. For every 2.4% below the rated power (2300 Mwt) level, the permissible.

positive flux difference range is extended by +1 percent. For every 2.4% below the rated
,

power (2300 MWt) level, the permissible negative flux difference range is extended by -1

percent.

(it; for each percent that the magnitude of g '9 exceeds +10 percent, the AT trip setpointt b
shall be automatically reduced by 2.4 percent of its value at RATED THERMAL POWER

(2300 MWt).

(iii) for each percent that the magnitude of q '9 exceeds -17 percent, the AT trip setpointI t b
sha!! be automatically reduced by 2.4 percent of its value at RATED TH RMAL POWER

(2300 MWt).I
I
I
I
I
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I
6.3 Overpower AT Setpoint Equation

6.3.1 Fuel Melt Limit Determination

The OPAT trip coefficients are set so as to prevent the occurrence of fuel centerline melt with

95% probability and 95% confidence. Before the trip coefficients can be determined, it is first

necessary to determine the LHGR at which fuel melt will take place. This is done by comparing

the fuel centerline temperatures, calculated by RODEX2(4) with the respective temperatures at,

which fuel melt will occur. Figure 6.3.1 depicts the LHGR fuel melt limit as a function of assembly

bumup. This LHGR limit curve is overlayed with a series of XTGPWR(5) assembly peaking and

exposure maps to determine the allowed LHGR as a function of cycle depletion. The LHGR limit

as a function of the sample calculation cycle depletion is depicted in Figure 6.3.2.

6.3.2 OPAT Trip Coefficient Determination

The overpower AT setpoint function is hted in Table 6.2.2. A list of all of the uncertaint,les
assumed in the performance of the sample statistical OPAT analysis is provided in Table 6.3.1.

The setpoint function was developed to protect the core protection limit of 118% power

over the range of pressures delineated by the high and low pressurizer pressure trips. The g
design F was set 4O

The convolution

of the uncertainties was performed by a Monte Carlo

analysis.

I
I
I
I

- I
-
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.

This K trip coefficient was adjusted4
#

The K4 trip coefficient adjustment is

determined by a Monte Carlo analysis. A plot of the resultant cumulative probability distribution

is presented in Figure 6.3.3. The resultant 95/95 minimum K trip coefficient This4
was truncated to the recommended Technical Specification trip coefficients of:

'

6.3.3 F(AI) Roset Trip Function for OPAT Setpoint

The OPAT F(AI) trip reset function is designed to account for the effects on fuel temperature of

core power distributions more adverse than the design peaking. The OPAT F(AI) reset trip

function is listed in Table 6.2.2. The OPAT F(AI) function is depicted in Figure 6.2.1.

The uncertainties used in the statistical OPAT F(41) verification

The axial

distributions analyzed were generated with the methodology presented in Section 5. A bounding

set of power adjustment /al, joint probability cunes were generated for the range of fuel melt

power levels A representative joint

probability cume is presented in Figure 6.3.4. The joint probability adjustment curves 'are applied

to determine the required correction as a function of Al.

A comparison of ther - )ints and the proposed OPAT F(AI) function is presented in Figure 6.3.5.

As shown, the proposed F(Al) function bounds the calculated points. If the F(AI) function did not

bound the calculated points, either the function or the design F would require modification.g

.

. . . - ..
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.

6.4 Overtemperature AT Setpoint Equation

6.4.1 Determination of Overtemperature AT Setpoint Coefficients

The OTAT setpoint coefficients are set so as to prevent the occurrence of DNB or hot leg

saturation with 95% probability and 95% confidence. The process used to determine the

coefficients is provided in Section 3.3. The DNB calculations were all performed with SNP's

XCOBRA-IllC computer code (6) ,

The adequacy of the axial distribution is subsequently verified in Section g
'6.4.2, tfie OTAT F(AI) reset trip function analysis. m

.

I
I

A response surface was generated according to SNP's approved

GSUAM methodology (2,3). The parameters varied in the generation of the DNB AT response

surface are identified in Table 6.4.1. A comparison of the fitted versus actual DNB AT data points

is presented in Figure 6.4.1.

A Monte Carlo calculation was performed to determine the 95%/95% statistical DNB AT

adjustment. The Monte Carlo calculation used equaticn 6.1, listed below.

I
I
I
I
t
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.

.

A hot leg saturation NOMSCAN/DETSCAN calculational sequence was performed

A response surface was generated according

to SNP's GSUAM methodology (2,3). The parameters varied in the generation of the hot leg

saturation response surface are identified in Table 6.4.2. A comparison of the fitted versus actual

hot leg saturation data points is presented in Figure 6.4.2.

A Monte Carlo calculation was performed to determine the hot leg saturation 95%/95% AT

adjustment. The Monte Carlo calculation used equation 6.2 listed below.

s

.

The DNB and hot leg saturation statistical AT adjustments were applied to

to get the uncertainty adjusted conditions. These conditions
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represent the locations where the occurrence of DNB and hot leg saturation are prevented with g
95% probability and 95% confidence. A set of OTAT trip coefficients was developed which a
bounded these respective points. A comparison of the trip equation lines and the respective

conditions of DNB and hot leg saturation is presented in Figure 6.4.3. The trip coefficients were:

I

I
6.4.2 F(AI) Reset Trip Function for Overtemperature AT Setpoint

I
The OTAT F(AI) trip reset function is designed to account for the effects on MDNBR of core

power distributions more adverse than the design values. The OTAT F(AI) trip reset function is

listed in Table 6.2.1. A plot of this function is presented in Figure 6.2.2.

The uncertainties used in the statistical OTAT F(Al) analysis were

The

OTAT F(AI) function methodology is described in Section 3.4. The OTAT F(AI) analysis was
performed using the procedure described in

Section 5. A NOMSCAN/DETSCAN calculational sequence was performed

i

I
I

:

| Ij A response surface was generated about this point using the parameters identified in Table 6.4.1.

The parameters were varied in the generation of this response surface according to SNP's
approved GSUAM methodologyI2'0) A comparison of the fitted v'ersus actual core AT data

points is presented in Figure 6.4.4.
i

1

i I'

.
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A Monte Carlo calculation was performed

4

A plot of the cumulative probability is presented in Figure 6.4.5. A joint probability distribution

of core AT and Al adjustment was generated based on this resultant probability table. The

uncertainty distribution on Al The resultant, joint probability
uncertainty adjustment was applied

at which the occurrence of DNB is prevented with a 95% probability

and 95% confidence.

A plot of the required core AT adjustments, converted into F(AI) units, and

the proposed F(AI) function is presented in Figure 6.4.6.

.__

____ __ _ ___ - - - - - - - - - - -
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t

! Table 6.4.2: OTAT Statistical Hot Leg Saturation Parameters
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6.5 Sample Statistical Uncontrolled Rod Withdrawal Analysis

To demonstrate the statistical transient analysis methodology for Westinghouse type reactors,

a sample uricon'Jolled rod withdrawal analysis was performed. The result of this analysis was

an OTAT trip setpoint which prevents the occurrence o,f DNB with 95% probability and 95%

confidence. The methodology employed by this calculation was that described in Section 4.0

of this report.

The statistical uncontrolled rod withdrawal event considered statistically those parameters listed

in Table 6.5.1.

I

I

The first step in the calculational process is to determine the reactivity insertion rate

E

E

I

I
A response surface was generated

in this response surface the parameters listed in

Table 6.5.1 were varied according to SNP's GSUAM methodologyI') A plot of the comparison

of the response surface fitted versus observed data points is presented in Figure 6.5.2.

I

I
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|

!

|

To determine the statistical uncertainty adjustment to K, a Monte Carlo analysis was performed

on equation 6.4.

The statistical K adjustment was applied
3

which prevent the occurrence of DN8 with 95% probability

and 95% confidence.
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Table 6.5.1: Statistical Uncertainty Parameters in Sample Uncontrolled |
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:AC:93:127.

.

Mr. R. C. Jcnes, Chief
Reacter Systems Branch
Civision of Engineering and System Tecnnelegy
Cffice of Nuclear Reactor Regulaticn
U. S. Nuclear Regulatory Commissicn
Washington, D. C. 20555

Cear Mr. Jones:

Responses to NRC Questions on SPC Statistical Transient Methodology

References: (1) Letter, R. C. Jones (USNRC) to R. A. Ccpeland (SPC), " Request for
Additional Information EMF-92-C81(P), ' Statistical Setpcint/ Transient
Methodology for Westinghouse Type Reacters','' July 16,1993.

(2) Letter, R. A. Ccceland (SPC) to T. E. Murley (USNRC), RAC:065:92.
May 29,1992.

Attached are the respenses to the accitionalinformation requested in the Reference 1 'etter.
These respenses are needed for the NRC review cf Siemens Power Corporation's stat:sacal
setp : int / transient methodology fcr Westingneuse type of reacters.

Siemens Power Ccrperation consicers tne infcrmatien centained in the attached res;;cnses to ,
be prcprietary. The affidavit supplied with the criginal submittal (Reference 2) shculd satisf/
the requirements of 10 CFR 2.79C(b) to suppcrt the withhcicing cf the attachment frem cuclic
disclosure.

If there are questions, er if additicnal information is needed, please contact me at
(509) 375-8290.

Very truly yours,

f R. A. Copeland, Manager bec: F. T. Adams
Product Ucensing D. M. Brown

R. C. Gottula
/sm9 L. E. Hansen

J. S. Holm
Attachment H. G. Shaw

F. B. Skcgen
cc: Dr. J. Carew, BNL L D. O' Dell

Mr. L 1. Kopp,USNRC File /LB

Siemens Power Corporation

2101 Hom Racics Acad. PO Bcx 130 Ricniand. WA 99352-0130 Tel: (509) 375-8100 Fax: (5C9) 375-8402
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Question 1 - To what type of Westinghouse plants and fuel designs is the EMF 92-081iP)
methedclogy applicable ? Besides the trip parameters (K,;) and uncertainties, what piant
specific-methedclogy adjustments are required ?

Response - The SPC methedcicgy 's censidered applicable to W plants ecuipped with CPAT
and CTAT reacter trips cf the fcrm pven in Secticns 2.1 and 3.1 cf Peference 1, respectvely.
The methcdoicgy is applicacle te fuel designs fer which SPC has or obtains approved
models and mothedclogies fer centerline temperature and DNB evaluations. These fuel
designs willincluce all SPC fuel des:gns for W reacters.

E
The SPC methedclegy is written to ccver the complete set of calculations required to ceveico
new setpcints from scratch. In scme instances, plant applications will require the verification
cf existing setpcints rather than the development cf new ones. In these instances, the trio

,

coefficients are already specifiec anc it is necessary only to verify that the trip setpcint
acequately protects the SAFDLs. The computat!.in of the trip coefficients is deleted frem the
analysis. The remainder of the analyses are retained,if a deterministic uncertainty analysis
proves overly conservative. A conservative deterministic uncertainty may be applied in the
F(AI) verificatien analysis, for computational convenience.

Scme plants are already proviced with a statistical trip channel uncertainty allcwance by the
reactor vender. The total trip cnannel statistical alicwance, termed Total Allowance (TA), is
embeddec; in the plant Tecnnical Scec:fications monitoring and surveillance procedures. It is
therefore desirable that the precise value of TA be retained in SPC setpoint analyses.

I
Secause the TA enecmoasses a two sided 95%

probability level, it is taken as a 2a uncertainty band. It is assumed normal, per the g
response to Cuestion 6 below. Escause the TA typically includes all applicable al g
uncertainties, jcint power-Al precacii;ty curves need not ce generated.

'

Plant or application-specific methcdclogy adjustments are fctmulated to retain the general
statistical approach detailed in the SPC methodology repert. The use of censervative
deterministic uncertainty treatments in the place of cr in conjuncticn with statistical treatments !

is an acceptable alternative to the full statistical treatment described in the repcrt. The design |
bases of the OTAT and OPAT reacter trips and the functional bases of the SPC metheccicgy
are preserved under any adjustments that prove necessary.

Question 2 Typical OTAT trips limit the cutlet quality to less than the limit of the CNB
ccrrelaticn (e.g.,15%). How is this :imit incorporated in the SPC setpcint?

Response - The SPC setpcint methodology will utilize primanly the HTP DNB ccrrelaticn, !

which has a quality limit well above the W-3 ccrrelation limit of 15% Typically, the
'

hot-leg saturation limit will be enccentered before the HTP quality limit. The XCCBRA-IllC 5'
ccde prints a warning message wnen the quality limit is exceeded, to alert the analyst to this g
problem if it occurs.

E
-

I'
D
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Question 3 Describe the power excursion transient used to determine the transient-
ccmpensated fuel temperature adjustment.

I Response - The OPAT tric is cesignec to prctect against sicwiy evciving events in whien
trans;ent fuel temperature oversncet is net a significant ccncern. It is not designed to prctect

I
against the quickly evciving events wnien resuit in significant power eversheets. Inclusien cf a
transient compensation bias is thus ;ncensistent with the trip design basis.

Transient fuel centerline temperature will be verified in the transient analyses on an event by
I event basis. Since the effect of power overshcot is evalcated on an event-by-event basis in

the transient analyses, a transient overshcot bias compensation is not required in the OPAT
tnp analysis.

I
.

Questien 4 Discuss how the selection of the hign pressurizer and the hot-leg saturation
temperature results in a maximum value for K -6

Response In general, vessel AT at a given power level varies reciprccally with the specific
heat of water. As temperature increases at given power, the specific heat of water increases,
and vessel AT decreases. The maximum temperature achievable at a given pressure is the
saturation temperature. Thus, for given power level and pressure, the saturation temperature
results in the maximum value of specific heat and the minimum value of vessel AT.

I As pressure increases, the saturatien temperature increases. The maximum temperature
permitted by the OTAT setpcint is the saturation temperature at the maximum operating

|I pressure. Selection of the maximum operating pressure and corresponding saturation
temperature maximizes the value of the specific heat, and minimizes the value cf the vessel
AT at given power level. By inspection of Equation 2.B, Page 8. of Reference 1, a minimum
value cf AT yields a maximum value of K .g

'

Eecause the inlet c0clant density cecteases at higher pressures (assuming saturated
concitions at the het leg) due to the higher saturation temperatures, the resulting decrease in

' mass f!cw rate through the core will tend to increase the AT at a given pcwer level as
pressure increases. The effect of higher pressure en specific heat is the strengeri

dependence, and dominates the effect of pressure en the computed AT. Hence, the effect of
i

the thermcdynamic prcperties cf water are sucn that selection of the highest pressure
achievable in the core (at saturated conditions) leads to the desired goal of maximizing the

,

value of K .g

Cuestion 5 - Maximizing K appears to provide a conservative trip for Tavg > T' and a non-6
,

conservative trip for T,yg < T' How will a censervative OPAT trip be insured for T,yg < T7

| Response -
!

||
as noted in typical plant Technical Specifications.

'W ensures that the inp functicn is conservative, because the' trip
circuitry ensures that AT/AT is always equal to er less than K .g 4

I

|I
--
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Question 6 - How will the uncertainties and their distributions of Tables 2.1,3.1, and 3.2, ands

the trip prccessing and time delays ci Tacle 4.1 be verified in plant-specific applications?
1

uResponse
.

are typically succlied by the
utility based en infermation providec by the reacter vender. In seme plant acpiicaticns. the E
Technical Spec:ficat:cn total statistical allcwance ITA) associated with a reacter trip channel 3
subsumes these uncertainties, anc is used in their stead. These uncertainties are

| characteristic cf the reactor measurement and instrumentation systems, and are not affected g'

by changes in the fuel design er plant operating peint. They continue to be applicable g
without the need fer further verification.

'

The pcwer peaking measurement uncertainties are typically provided in the plant Technical
Specifications. SPC's adeption cf these uncertainties is justified on a generic basis as part cf
SPC's approved neutrcnics metheccicgy.

The DNB correlation uncertainty !isted in Table 3.1 is justified by comparisen to CNB test
data. The CNB ccrrelation statistics resulting from this ccmparison are described in a tcpical
report that is reviewed by the NRC.

The trip processing and time delays listed in Table 4.1 may be treated ceterministically in the
statistical transient analyses. In this case, the bouncing values are typically taken from g
information supplied by the reacter vencer or from the plant Technical Spec:fications. These 5
bounding values are characteristic cf reacter systems, and are not expected to change with
fuel design er plant cperating peint. They centinue to be applicable withcut the need fer
further justification.

In cther cases, the trip processing and celay times are treated statisticady. Statistical g
analyses of plant systems data are performed to justify the uncertainties that are to be used 5
in the statistical transient analyses. .e uncertainty distnbution and its descr:ptive statistics
result from these analyses. I
In most cases, the uncertainties fcr the reactor measurement and instrumentation systems
have been reported cnly as a simcle uncertainty band. The uncertainty cistributions and their
descriptive statistics are typicalbf act provided by the reactor vender. SPC therefore makes
the following conservative assumptions about the uncertainty distnbutions and their
descriptive statistics:

I.

- I
I
I
I'

I



- . - - -

j . I

! EMF 92-081(NP)(A)

! Siemens Powar Corporation Proprietary Supplement 1
i Page 78

I

Question 7 - Cesenbe in detail the method used to calculate the . joint probability distribution I

and the al-dependent power limit fcr cetermining the OPAT and OTAT F(al) reset functions?
I

j Response -
!

Uncartainties ir, the Trip at Fixed Flux Difference

The OTAT trip calculates a het leg to ccid leg temperature difference at which the reactor
shculd be tripped to protect against DNB at a 95/95 level. The trip uses the average cf the
het leg and ccid leg temperatures, the pressurizer pressure and the axial flux difference to

,

,

calculate the trip setpcint. -

m- Tuo)+k .(P-F )-Fia /)),5 T = 5 T .(k, - 19 (T 3 o3

:

i where the subscript "0" denctes ncminal conditions and F(51) is the acjustment for the axial
I flux difference.
S

| The CPAT trip is quite similar, although somewhat simpler, and protects against
fuel centerline melt. In general the description below, which is directed towards the OTAT trip,

y

appUes to this trip also.
,

'

A probability distribution is determined fer 5T which utilizes all uncertainties except these
associated with the measurement of the axial flux difference.<

4

A respense surface Mente Carlo method is used for this~

purpose.

i Statistical Combination of ST and al Uncertainties

'
In addition to the probability cistribution for 6T, a second probability distribution,

,
is created to

j The appropriate measure of the
i proximity of the OTAT trip to the MONSR limit is determined by evaluating a combination of

| these two probability distributions which results in protection at the 95/95 limit.

! .

j The loint probability distributicn is wntten, in general, as an integral over the joint probability

] density function.
i

F,(a T,al) = [/jx,y) dxdy ,

,

where the integration over x and y is over the domain bounded by AT and al. Tne
apprcpriate interpretation of the argument (variable greater or less than argument) depends

! on which direction from the nominal pcint the distribution is being evaluated. In this example,
it will be assumed that ST<aT and that 51<al for simplicity. For the other three cases, the

i domain of integration, as reflected in the limits used below, would need to be altered
i

1

:

_. - - --,
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l

;

i I;
I

i

|

We caa-sided 95/95 limit is establishec by setting this joint probability equal to 0.05.

Question 8 -in determining the referan03 point for the (setpcint and transient analysis) g
; response surfaces, 5
i

Response - The individual NOMSCANiCETSCAN differences are ccmbined

I
I

I
I
I

I
.

I'
I

I
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I
of Equaden-3.4, AT,,1 cfQuestion 9 - Previce the form cf the response surfaces for AToggI Equatien-3.5, AT of Equation-3.6, and the ATRIP for the Chapter 4 transient analysis.

une

Response - The form of the varicus response surfaces is selected at the discretion of theI analyst. The bases for the selecticn include the fitting statistics, the residual picts, and a plot
of the response variable vs. the data points to which the resper,se surface is fit. The
sucsequent Monte Carlo analyses inc!ude an allowance for response surface fitting errer.

I Care is taken to ensure that the experimental design is sound, and that the response surface
is of sufficiently IcW crder in the independent variables to preciude overfit.

1

Some of the terms in some instances have
been rejected because they do not substantially enhance the fit. The analyst is free to use
any response surface form that provides a fit of the requisite accuracy.

Question 10 - Provide a comparisen of the W and SNPC OPaT and OTAT setpoints and
discuss any significant differences.

Response The methodology will be applied to verify an existing setpoint or to develop a
new setpoint. In either case, the fundamental form of the setpoint equations remains intact,

I and the transient elements of the setpoint are unchanged. The values of the K , K , and K33 g

constants in the OTAT setpoint and the values of the K, and K constants in the OPATg|

setpcint may be revised in developing new setpoints. In that case, the supporting analysesI will utilize the Reference 1 methods to ensure a conservative setpoint. In verification |
'

constants will remain unchanged as well.applications, the value of the K , K , K , K and Ks3 2 3 4
Thus, SPC and W utilize the same term for the setpoints and develop or evaluate them from
equivalent design bases.

I

I
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j
I Question 11 - Are the DNB and fuel melt codes and methods used to determine the aT |

setpcints approved for application to W plants?

Respense - Yes the codes, correlations, and methodologies utilized in the AT setpoint
analyses are incividually submitted to the NRC fcr approval. The RCDEX2 code is used to
determine fuel melt limits. It is approved for application to SPC fuel designs. DNB E
calculaticns are performed using SPC approved thermal hydraulic methedclogies, and wiil 3
primarily be performed with the HTP DNB correlation, which is at present under NRC Staff
review. SPC's acproved XNB correlation may be utilized in some cases. DNB correlatlens g |

approved in the future may be used as well. g|

Cuestion 12 - How is it assured that the !imiting operating conditions have been included in
the cetermination of the axial power shapes?

i

|
Response To assure that the limiting operating conditions have been covered, the axial

l pcwer shapes are generated
The axial xenen shapes are

i

| cbtained from xenen escillation simulations The xenon oscillation

i simulations are induced by insening rods
then rapidly removing them. The change in the xenon distributionI

|
during the following hours produces axial xenon shapes
achievable during operation. These acverse xenon shapes are then applied to redded and g'

unredded core ccnfigurations This produces axial power shapes W
which are more limiting than these which are reasonably achievable.

The axial power shapes are highly dependent on the power level at wnich they are generated.
In the develcpment er verification of the CPaT F(al) function,

These are the axial distnbutions for which the
CPaT F(al) trip reset action is required.

Question 13 - The shape of the F(al) function typically depends on the power level. How is
this dependence accounted for in the NCMSCAN calculation of the OTaT F(al) reset function?

Response - Cf the seven W reacters that SPC has fueled, six have no pcwer dependence in
their F(al) trip reset functions.

In one reacter, the F(al) trip reset does permit a broadening of the deadband at power levels g
below rated for steady-state operation, if a power excursion event occurs, the deadband will 5
automatically narr_cw to the rated power range as power apprcaches rated, causing an
apprcpriate reset of the trip setpcint. Umiting transient events tend to terminate at power g
levels at er above rated. Ccnsequently, the broader deadband permitted at reduced power g
levels is not expected to significantly affect the performance cf the trip during limiting transient
events that trip on OTAT.

I
I
I
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| In the event that a limiting event terminates on an OTAT trip at a power level below rated, the
CNBR may be evaluated

in this way, a conservative evaluaticn of the event
and the OTaT performance is assured. Should DNBR limits net be met, a revision to the F(AI)
functicn would be required.

The F(al) gain, G, establishes the required trip reset for a given excursion of al beycnd the
deacband. Fcr plants in which deadband relaxation at reduced power is permitted, the
relaxation is ccmputed using the same gain. The same CNB safety margin is preserved with
the increased deadband at reduced power as is preserved for an equivalent al increase at or
above rated power.

Fcr the W reacters with wnich SPC has experience, no additional treatment of the F(at) reset
is required fer reduced pcwer cperation. This is because either the deadband is not relaxed
at reduced power, or because the deadband is relaxed at a rate whicn preserves the margin
to the CNB safety limit.

Question 14 - Hcw will this methodology be applied to mixed ccre leadings with fuel from
multiple venders?

|
Response - SPC setpoint analyses are structured to suppcrt SPC fuel cperating in a mixed

|
core environment. These analyses employ SPC's approved mixed core thermal hydraulic

! methodology. Usually, the previcus vendor's analyses are relied upon to support the ncn-
| SPC fuel in the cere. Existing Technical Specification power peaking limits are typically

retained for the non-SPC fuelin the mixed cere, to ensure the continued applicability of the

! previcus vender's analyses. The CNB and fuel centerline temperature effects of diversicn

|
cross flow between assemblies in the mixed cere are explicitly considered in each application,

|
to ensure that the previous vendcr's fuel remains within the bounds of its supporting safety
analysis.

Question 15 What is the typical power level implicit in the al = 0 OPAT setpcint?

Response - The power level at the CPAT setpcint with zero F(al) compensation is computed
for each application of the CPAT setpcint methodology. A recent application of the
methodclogy resulted in a power level of rated, corresponding to an uncertainty-

adjusted K, value

Question 16 Is the equation presently used to determine the SGSV cpening employed in
the SNPC methodology? If not, justify any differences.

Response If plant operating conditions and steam generator tube plugging levels are
essentially unchanged, the SGSV limit line may be taken from previous vendor's analyses. If
tube plugging levels increase, the line is adjusted

Alternatively, the line may be
developed as described below.

The SGSV limit line provides an upper limit en the coolant average temperature based on the
power level and the secondary side saturation temperature at the steam generater safety
valve relief setpcint. The SGSV limit en T,yg is fixed by the fclicwing equation:

--. -
. _ _ _ . _ _ _ _ _ _ - .
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q =(UA) . A Tp., I
where AT is the classical log mean temperature difference, (UA) is the overall primary topa
secondary heat transfer coefficient, and q is the heat transferred per unit time. The

are the primary hot and cold legtemperature 3 employed in computing the ATp4
temperatures, the secondary inlet temperature, and the secondary steam temperature. The
secondary steam temperature is equal to the saturation temperature at the maximum
uncertainty adjusted steam generator safety valve setpoint pressure.

~

The primary average coolant temperature is computed as the mean of the het and cold leg
temperatures. The hot and cold leg temperatures are consistent with the power and ficw
levels. The primary secondary heat transfer coefficient (UA)is deduced from known plant g
cperating conditiens. The average primary coolant temperature is determined at various g
power levels, and mapped onto the T,yg - AT coordinate system.

Question 17 - Describe the transient calculations used to determine the CPAT trip dynamic
compensation facter K . Why is the indicated value of K a factor of about 10 larger thans 5

typical values? I
Response In general, SPC does not intend to either develop or to modify the K constant.3
The first two paragraphs of page 5 of the reference 1 document discuss the transient signal
compensation for the CP AT trip. The last sentence of the first paragracn is intended to
indicate that SPC will not develop or mcdify these time constants or K under the presentS

methodology.

The "1/*F" that appears in the setpcint descriptions is intended to indicate the proper units for
the particular constant, rather than a specific value.

Questien 18 - What transients will be analyzed with the statistical methods of Chapter 4?
What trips, other than the CPAT and OTAT trips, will be determined or verified using these
analyses? )

Response - The methods of Chapter 4 are intended to apply to limiting DNB transients and
limiting pressurization (depressurization) events.

I
I-
I
I
I
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Question 19 - The OPAT plantequipment related time constants t ,t *T ,and te of Table3 2 3
6.2.2 (which are taken to be zero) and the OTAT dynamic compensation time constants
t ,and ts of Table 6.2.3 are substantially smaller than typical values selected for these4
constants. What is the basis for these specific values and how will they be determined in
plant-specific applications?

Response - The plant-specific equipment related time constants are provided by the utility
from information supplied by the reacter vendor. The SPC methodology is not applied to
develcp or change the values for the various time constants in the CPAT and OTAT trips. The
adequacy of the existing time constants is verified in the plant transient analyses.

Question 20 -In the rod control cluster drop and Icss of flow events, how are axial power
distributions more severe than the design axial distribution acccunted for? How does this
differ from the M approach?

Response - For the loss of ficw event, which does not crdinarily result in an OTAT reacter
trip,

For red control cluster assembly (RCCA) drop events that do not resuit in j
!an OTAT trip cr do not involve significant rod bank motion,

The axial might also be conservatively selected as is described below for RCCA drop
events which result in an OTAT trip.

For those RCCA drcp events which result in an OTAT trip, the most limiting axial at the
terminal power level of the event is considered;

The generation of these axial shapes is discussed
in the response to Cuestion 12.

Question 21 -is the RODEX2 calculated fuel melt LHGR adjusted to acccunt for transient
effects? How are the uncertainties in the ROCEX2 calculation of the fuel melt LHGR
accounted for?

Response The RODEX2 code is essentially a steady-state code. The RCCEX2 fuel
p temperature precictions are
L This censervatism is deemed sufficient to account for the uncertainties

inherent in fuel temperature prediction. The approved HUXY code may be used for transient
fuel temperature calculations. I

I

|
..

l

!

[
[
c
|
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September 24.1993
RAC:93:147

Mr. Larry Kcpp
Reacter Systems Branch
Division of Engineering and System Technology
Office of Nuclear Reacter Regulation
U. S. Nuclear Regulatory Commission
Washington, D.C. 20555

Dear Mr. Kopp:

Responses on the SPC Statistical Transient Methodology

Reference: Letter, R. A. Copeland (SPC) to T. E. Murley (USNRC), RAC:C65:92.
May 29,1992.

.

Attached are the respenses to the additional questions en the Siemens Power Corpcratien
Statistical Transient Methedclogy currently under your review.

Please consider the information in these responses to be proprietary to Siemens Power
Corporation. The affidavit supplied with the original submittal (Reference) should satisfy the
requirements of 10 CFR 2.790(b) to support the withhciding of the attachment from public
disclosure.

If there are questions, or if I can be of further he!p, please call me at (509) 375-8290.

'

Very truly yours, |

D .

R. A. Copeland, Manager
I

Product Ucensing
bcc: F. T. Adams l

D. M. Brown/smg
R. C. Gottula

Attachment J. S. Helm
L D. O' Dell

H. G. Shaw. iec: Dr. J. Carew (BNL)
File {

Siemens Power Ccrporation

2101 Hom Rapids Acad. PO Box 100 Richland, WA 99352 4130 Tel: (509) 375-8100 Fax: (5C9) 375-3402

. _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ __
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I

RESPONSES ON THE SPC STATISTICAL TRANSIENT METHODOLOGY
,

i

I|
4

Question 1: Please provide assurance that all combinations of axial power distribution and
lpower level are protected by the OTAT F(AI) trip reset function generated under the '

statistical setpoint methodology.

Resconse: 1

| I!
|

|

I
Question 2: Please support the conservatism of using

criterion in the statistical transient analyses for the pressurizer pressure trip and the
low flow trip. |

Pescense:

I
I
.I

I
|

I
I'

1

I'

f
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October 5,1993
RAC:93:158

Mr. L 1. Kepp
Reactor Systems Branch
Divisien of Engineering and System Technology

( Ctfice of Nuclear Reacter Regulation
U. S. Nuclear Regulatory Commission
Washington, D. C. 20555

Dear Mr. Kcpp:

{
Response to Question on EMF 92-081(P)

Reference: Letter, R. A. Copeland (SPC) to T. E. Murley (USNRC), RAC:C65:92,
May 29,1992.

Attached is the response to the additional question Dr. Carew had about the statistical
transient methodology currently under your review.

Please censider the information centained in this response to be prcprietary to Siemens
Pcwer Corporation. The affidavit supplied with the original submittal (reference) should satisfy
the requirements of 10 CFR 2.790(b) to support the withhciding of the attachment from public
disc!csure. .

If there are questions, er if I can be of further help, please call me at (509) 375-8290.

Very truly yours,

bb
R. A. Copeland, Manager
Product Ucensing

/smg
{

Attachment

[ cc: Dr. J. Carew (BNL)
>

Siemens Power Corporation pgfr/p7_
Nuclear Division Engineenng and Manufactunng Facility 0F

F
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Response to Question on EMF 92 081(P)

Questien 1: In determining the reference point fcr the OT.iT transient analysis response
surfaces, are the individual NOMSCAN/DETSCAN differences ccmbined using an algebraic or
a statistical rect-mean-square (rms) method? If the statistical rect-mean square method is not
used, provide the basis for concluding that the reference point yields a bounding
rms-statistical uncertainty for all points of interest.

Resconse: The individual NOMSCAN/DETSCAN differences are combined as
in typical applications, the arithmetic criterien and the RMS criterion yield essentially the

same result, as discussed below. The arithmetic cnterion is considered to be an acceptable ,

alternate to the RMS criterien in applications.
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Table 1 Uncertaintles and Sensitivities Considered in DNB Response Surfaces
(Maximum Flow Sensitivity)
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Table 2 Uncertainties and Sensitivitles Ccnsidered in DNB Response Surfaces
(Minimum Flow Sensitivity)

(-

(

>

h..,*r 4 d b).

'PAGE b __OF 3

__- __



EMF-92-081(NP)(A)
,

EMF-92-081(NP)(A)
Supplement 1

issue Date: 3/1/94

STATISTICAL SETPOINT/ TRANSIENT METHODOLOGY

{ FOR WESTINGHOUSE TYPE REACTORS

{
Distribution

Document Control (5)
USNRC/RA Copeland (15)

f
.

!

.

O

t .


