UNI TED STATES
NUCLEAR REGULATORY COWM SSI ON
OFFI CE OF NUCLEAR REACTCR REGULATI ON
VWASHI NGTON, D.C. 20555

July 16, 1992

NRC | NFORVATI ON NOTI CE 91-52, SUPPLEMENT 1. NONCONSERVATI VE ERROCRS | N
OVERTEMPERATURE DELTA- TEMPERATURE
(OTAT) SETPO NT CAUSED BY
| MPROPER GAIN SETTI NGS

Addressees

All holders of operating |icenses or construction pernits for \estinghouse
(W - desi gned nucl ear power reactors.

Purpose

The U S. Nuclear Regulatory Commission (NRC) isissuing thit information
notice to supplenent information provided inthe original information notice
regarding er-ors i nOTAT settings and to alert addressees to new information
on this problem It isexpected that recipients will review the information
for applicability to their facilities and consider actions, as appropriate, to
avoid simlar problens. However, suggestions contained inthis information
notice are not NRC requirements; therefore, no specific action or witten
response i srequired.

Descri Ption of Gircunstances

The Conmonweal th Edi son Conpany and the Duke Power Conpany recently notified
the NRC of a problemw th the saturation of the OTAT reactor trip function of
the Vestinghouse Type 7300 Plant Protection System (PPS) at the Byron,
Braidwood, McGuire and Catawba nuclear power plants. The problem was that the
OTAT reactor trip setpoint was not being automatically reduced to the extent
required in response to a rising Tavg. The NRC alerted the industry to the
problem i ninformation Notice (IN)91-52, dated August 29, 1991.

I nresponse to | N91-52. the Weéstinghouse Nuclear and Advanced Technol ogy
Division (WNATO) prepared Weéstinghouse Technical Bulletin NSD TB-91-08- RO
which was issued by the Westinghouse Nuclear Services Division on December 13,
1991.  This bulletin (Attachment 1): (1) addressed the effect of the rate of
increase of Tavg intransient situations. (2)revealed that \Westinghouse

Type 7100 and Foxboro anal og PPS equi pnent can also be affected, and (3)
provided a recommended scaling nethod to ensure that the OTAT setpoint reaches
Its mnimum design value before the Tavg channel becones saturated under
"worst case" transient conditions.

MNATO devel oped a generic safety analysis. ET-NSA-TA-11-91-436, "Overtem
perature Delta-T Rescaling-Transient Analysis., dated November 20, 1991.
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Inthis analysis WNATD concluded that even though the DNB ratio dropped bel ow
the design value of 1.3, it could not go beyond 1.0. However, the WNATD
generic safety analysis may not envel ope the worst ise conditions at all

affected -lants.

This information notice requires no specific action or witten response. |If
you have any questions about the information inthis notice, please contact
the technical contact listed below or the appropriate Ofice of Nuclear
.eactor Regulation (NRR) project nmanager.

/n A <q1rS-3L
Charles E. Rossf, Director

Di vision of Operational Events Assessnent
Ofice of Nuclear Reactor Regul ation

Techni cal contact: S. D. Al exander, NRR
301) 504-2995

Attachments:
1. WNSD Technical Bulletin NSD TB-91-08-RO

2. List of Recently Issued NRC Information Notices
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se~ont (OTDT). A eact tripk inated when ooithBev op  emed teir seMont.

Soeraltn suc as. oopaverae temperature (TAvg), [ﬁr&@urlr presur, andaxia neutb
lu diniutionin e core (F.UELTA I),we factored intothe OTDT trOsepnt  culation

(Equamion.).
The SMont istypicaly epressed by Ite folowing equa

OTDT, (K, K@L+Taujr/(l * Taugsy (T" -Tp

K3(P-Pp - (Dell)IQNDLTA.T (quaoni)
whom.
KI.KMa Ka  : we gpin,
Thu,&. Ts © weirmese Uy “sewnetaion TAvg.
Tr . is werefrensTAug. piay nmiml | pmwer T4.,,
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F(Do 1)is thedal p
DILTA.T : 1 the u power DT
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Vo aa*sR -* o v.Vim (Equedson-)
where;
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tpont (OTDT) . A~ actor rip inllated when wo or moreloop DiOaxeed tir apoint
SverU terms such , loop average temperatre (T. Avg) . presurizer presure,andaxid  uron
flux diibuton inme coe (F.UELTA 1) we factord intoti  OTDT tip seoint calculation
(Equaion-1).

The tpolnt typicaly expresed byth follUmong equa:on
OTDT . (K- K (1* TargV(l TauE) (TAq -TI )
KO(P- PW) *F(Denoa-1)DoLTA.T (Equaon.|)
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To illustrate this  aturation effect consider atemperature transient superimposed on the initial
steady state conditions (5800F) used inthe previous example. Figure 2 gives the outut of the
T-Avg module, with the lead/lag compensation, to aZFF/c temperature inrease (postulated rod
withdrawal event) for a typical equipment setup (06 * 0.8, UL. 28/4). Note that even though
the lead/lag module gain i less than 1,the T-Avg module saturate after about 1$seconds

(to . 5sec). At thistime the input T Avg has only reached 6080F (580F* 14 ax times 2F/se),
which is only about 80% of its possible range.

Even though, the T.Avg module tturation during transiont may be unavoidable, the gains can
aways be redistribute such tat the OTDT sepoint reaches a minimum to ensurea trip, i.e.,

OTDT setpoint reaches the minimum of ts range (Ovolt, or 1volt), before the T.Avg module
saturates (refer to Figure 3). A technique for achieving this is outlined n the following secton.

80OLUTION

The nonconservative impact on the OTDT setpoint calculation caused by steady state or transient
saturation of the TAvg lead/lag module can be avoided as follows:

1. Set me gain on the T-Avg leadg modu! to beles than unity. Thi wil keep the
T-Avg module from saturating over the entire input range of T-Avg in steady state.

2 Evaluate Equation.2 to determinethe Bias (B1nd OTDT summer gain (0) such that
the summer output reaches a minimum to ensure a trip condition (output equal to O v.
or 1v) before or as the T-Avg lead/ag module output reache saturation (output equal
to 10v, or5v). Thisisdone with thepresure and Deltal Input tothe Summer acti ng,
to the maximum extent, to keep the setpoint above the trip value.

The econd atep isllluMtred Inthe following example using the 7300 equipment voHage
ranges (Oto 10v)

Initial conditions (referenced to Equation-2):
a) The ouutofthe OTDT Summer Isat the minimum, VOTDT s O
b) There is no Delta- penalty, Vp(D, .0V
c) The Tv ladlag module reaohes auration, 4. Vt . 10v

d) Op*Vpisevaluated at the maximum pressure (usually 2500 psig)



Attachment 1

IN 91-52, Supplement 1
July 16, 1992

Page 5 of 8

NSD-TB-.041.IRO

Page 8 of S
Solving Equation.2 under these condiions will giv a viue of G
G,.([,- 10 Gceant 0 (Equation-)
G,ala. 8 (&€, ) 101/10 (Equatond4)

The value of product G* , ,G3* pand 0, - G can be detemind by compuing Equaion.2
to Euation-1 reduced tovolage form, using plant pecific parameter rang  and equipment type

(7300 inthis xample). Once Q is caculatd, the bias B, and the gansG anda nd FO m
noed to be caculated based on Equation-2 and the products G,* 8,. 0,*  and 0,* G,

RECOMMENDYATtIO

Scaling of the OTDT channel should be examined to confinn that uturation ofthe T-Avg lead4
module will not occur inthe steady state and ta.the ohannel gains are ditrbutedsuch that,
during transient conCition, saturation of this module would occur only after thechannl has
devaloped a trip setpoint.

Proper operation of the steady state isaured ifthe gain ofthe TAvg laddlag moduleis Jie than
unity.

Equation-2 can be used to verify the proper functionality of the OTDT ahannel under ansint
oonditions. VOTT iscalculated using th plant spaific values for the trma, 4. B,.and G* V
(under maximum pressur condition) and assuming t maximum value at ft outut oftheT.Avg
lead/ag module (10 v or 6 v) andto  minimum value (Ov or | v)of VF . fth value of
"VOTQe i equal toor nléhan the minimum of the equipmnt (Ov or 7300, or 1 vfor 7100 or
Foxboro) then the OTDT soaling indone properly. Ifthe value of "VOTDT)  doe no meet his

riterita,n themain G, andbiva Bamust b adjusted au outlind inthe soutlonnction. Ono
Go iscalculated, the gains 04,  and ForUm neod to be oaloulated based on Iquion-*.
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I nthis analysis WNATD concluded that even though the DNB ratio dropped bel ow
the design value of 1.3, it could not go beyond 1.0. However, the WNATD
generic safety analysis may not envel ope the worst case conditions at all
affected plants.

This information notice requires no specific action or witten response. |f
you have any questions about the information i nthis notice, please contact
the technical contact listed below or the appropriate Office of Nuclear
Reactor Regulation (NRR) project manager.

",ina Sgned by
*f' | ERol
Charles E. Rossi, Director

Division of Operational Events Assessment
O fice of Nuclear Reactor Regulation

Technical contact: S. D. Al exander, NRR
301) 504-2995

Attachnments:

1. WSD Technical Bulletin NSD TB-91-08- RO
2. List of Recently Issued NRC Information Notices

*See previous concurrence.

OFFICEE RIS2:VIB:DRI'S TECHED ASC:VIB:DRIS BC VIB:DRIS NAME

NAME: SAl exander : sdd*  JMai n* RW | son® LINorrhol mt DATE:
04/ 15/ 92 04/ 16/ 92 05/ 06/ 92 05/ 07/ 92

CFFICEE D DRI S:NRR EAB: DOEA: NRF SBC: EAB: DOEA

NAME: BKG i mes* TKoshy* . AChaf f ee

DATE: 05/ 08/ 92 05/ 08/ 92 07//6 1 92

OFFI CE:  BC: OGCB: DCEA
NAME: CBerlinger*
DATE: 06/ 10/ 92 07111792

DOCUMENT NAME:  91-52. SP1
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Novermber 20, 1991. Inthis analysis WNATD concluded that even though the DNB
ratio dropped below the design value of 1.3, it could not go beyond 1.0.
However, the WNATD generic safety analysis may not envel ope the worst case
conditions at all affected plants.

This information notice requires no specific action or witten response. |f
you have any questions about the information inthis notice, please contact
the technical contact listed below or the appropriate Office of Nuclear
Reactor Regulation (NRR) project nanager.

Charles E. Rossi, Director
Division of QOperational Events Assessment
Ofice of Nuclear Reactor Regulation

Technical contact: S. 0. Al exander, NRR
301) 504-2995

Attachnents:

1. WNSD Technical Bulletin NSD TB-91-08-RO
2. List of Recent |y Issued NRC Information Notices

*See previous concurrence.

OFFICE:  RIS2:VIB:DRI'S TECHED ASC:VIB.DRIS BC VIB:DRI'S NAME:

NAME: SAl exander: sda* JMai n* RW | son* LJINor r hol mt DATE:
04/ 15/ 92 04/ 16/ 92 05/ 06/ 92 05/ 07/ 92

OFFICE: D DRI S:NRR EAB: DOEA: NRR  BC ?AB: DCEA

NAME: BKG i mes* | Koshy* AChaf f ee

DATE: 05/ 08/ 92 05/ 08/ 92 07/ ~1/92

OFFI CE:  BC. OGCB: DCEA D: DOF A: NRR
NAME: CBerlinger* CERosSi
DATE: 06/ 10/ 92 07/ 02/ 92

DOCUMENI NAME: 91 52. SPI
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No specific action or written response is required by this notice. If you
have any questions regarding this notice, please call the technical contact
listed below, or the appropriate Office of Nuclear Reactor Regulation project
manager.

Charles E. Rossi, Director
Division of Operational Events Assessment
Office of Nuclear Reactor Regulation

Technical Contact: S. D. Alexander, NRR
(301) 504-2995

Attachment 1: WNSD Technical Bulletin NSD-TB-91-08-RO
Attachment 2: List of Recently Issued NRC Information Notices

DISTRIBUI.ON:
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Central Files/Docket File 99900404/RIDS Code IE:09
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VIB Reading File
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SAlexander

JJacobson

TKoshy

*See previous concurrence.

OFICE: RIS2:VIB:DRIS TECHED ASC.VIB:DRIS BC:VIB:DRIS D:DRISNRR
NAME; SAlexander:sda* JMain* RWilson* LJINorrholm* BKGrimes*

DATE: 04/15/92 4116/92 _ 5/06/92 05/07/92 05/08/92
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NAME: TKoshy* ceig CERoss |
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No specific action or written response is required by this notice.
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If you

have any questions regarding this notice, please call the technical contact
listed below, or the appropriate Office of Nuclear Reactor Regulation project

manager.

Charles E. Rossi, Director
Division of Operational Events Assessment
Office of Nuclear Reactor Regulation

S. D. Alexander, NRR
(301) 504-2995

Technical Contact:

Attachment 1 WNSD Technical Bulletin NSD-TB-91-08-RO
Attachment 2: List of Recently Issued NRC Information Notices
DI STRIBUTION:
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No specific action or written response is required by this notice. If you
have any questions regarding this notice, please call the technical contact
listed below, or the appropriate Office of Nuclear Reactor Regulation project
manager.

Charles E. Rossi, Director
Division of Operational Events Assessment
Office of Nuclear Reactor Regulation

Technical Contact: S. D. Alexander, NRR

(301) 504-2995
Attachment 1: WNSD Technical Bulletin NSD-TB-91-08-RD
Attachment 2: List of Recently Issued NRC Information Notices
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UNI TED STATES
NUCLEAR REGULATORY COWM SSI ON
OFFI CE OF NUCLEAR REACTOR REGULATION
VWASHI NGTON, D.C. 20555

July 16, 1992

NRC | NFORMATI ON NOTI CE 91-52, SUPPLEMENT 1.  NONCONSERVATI VE ERRCRS | N
OVERTEMPERATURE DELTA- TEVPERATURE
(OTAT) SETPOINT CAUSED BY
| MPROPER GAI N SETTI NGS

Addr essees
Al hol ders of operating licenses or construction permts for Westinghouse
(W -designed nucl ear power reactors.

Pur pose

The U'S. Nuclear Regulatory Commission (NRC) isissuing this information
notice to supplenent information provided i nthe original informtion notice
regarding errors in OTAT settings and to alert addressees to new infornation
on this problem It isexpected that recipients will review the information
for applicability to their facilities and consider actions, as appropriate, to
avoid simlar problems. However, suggestions contained inthis informtion
notice are not NRC requirements; therefore, no specific action or witten
response i s required.

Description of Gircunstances

The Commonweal th Edison Conpany and the Duke Power Conpany recently notified
the NRC of aproblemwth the saturation of the OTAT reactor trip function of
the Vestinghouse Type 7300 Plant Protection System (PPS) at the Byron,

Brai dwood, MGuire and Catawba nuclear power plants. The problem was that the
OTAT reactor trip setpoint was not being automatically reduced to the extent
required inresponse to arising Tavg. The NRC alerted the industry to the
problem i ninformation Notice (I N)91-52, dated August 29, 1991.

I nresponse to | N91-52, the Westinghouse Nuclear and Advanced Technol ogy
Division (WNATD) prepared Vestinghouse Technical Bulletin NSD TB-91-08- RO

whi ch was issued by the Westinghouse Nuclear Services Division on Decenber 13,
1991.  This bulletin (Attachment 1): (1) addressed the effect of the rate of
increase of Tavg intransient situations, (2)revealed that Westinghouse

Type 7100 and Foxboro anal og PPS equi pnent can also be affected, and (3)
provided a recommended scaling method to ensure that the OTAT setpoint reaches
its mninum design value before the Tavg channel becones saturated under
*worst case" transient conditions.

WNATD devel oped a generic safety analysis, ET-NSA-TA-11-91-436, "Overtem
pKrature Celta-T Rescaling-Transient Analysis," dated Novenber 20, 1991

9207100239
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In this analysis WNATD concluded that eve.. though the DNB ratio dropped below
the design value of 1.3, it could not go beyond 1.0. However, the WNATD
generic safety analysis may not envelope the worst case conditions at all
affected plants.

This information notice requires no specific action or written response. If
you have any questions about the information in this notice, please contact
the technical contact lTisted below or the appropriate Office of Nuclear
Reactor Regulation (NRR) project manager.

é.ailesE Ross 01&?47

Division of Operational Events Assessment
Office of Nuclear Reactor Regulation

Technical contact: S. D. Alexander, NRR
(301) 504-2995

Attachments:
1. WNSD Technical Bulletin NSD-TB-91-08-R0O
2. List of Recently Issued NRC Information Notices
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setport (OTDT). Areactor trip isnitated when two or more loop DTh exceed thir setpoint.
Several tem  such as, loop average tmperature (T.Avg), prsurier pressure,and aia neutron
flux ditributioinn  ecore (F-DELTA 1), ar factored into the OTDT trip sepont calculation
(Equation-.).

The sepoint istypicaly expressed by te followng equaion:

OTDTp . (K,.K (1+Taw /(ylTas) (TAs *TeR)

Ks(P PRe) F(DFta-l)QDELTA.T] (quation.1)
wh:er
K,, Kl ,Ka re gains,
Taus, Tau a the lead/l gtime oonwtants on T-Avg,
T . i thereferene T.Avg. ypialty nomina full power T-Avg
PW i the refrenoe presair presure. typclly nomina presurir pressure
F(Deota-1) :  theDeft- penalty
DELTA.T the full power DT
TAg : the meaur ed Avrage tnempratur
P isthe measured Presurizr presure.

When considering implementaton of th OTDT setpdntinth protecton system, Equation.1 an
be reducd and wrmtn inthe voltage form au ollow:

VOTOTr*Q.l- (- . V. . vOpFh | (Equaton.2)
where:

VOTT * OTDT aetpoint Invo

G| * gainonteOTDT summer

.tec. M 11 rv P
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9,-bias omthe OTD.Tsummer
Gh a* gainonthe T.Avg moue
C, V, a voltge ouutpl of the T.Avg Wsead~g module
Go* gain on the pressurizer module
VP -voltage  equivalent of Vie pressurizer pressure

Virmal  vottage equivalent of Vie F(Dells-t) penalty

The setpoint calculation infiW smple form Isshown inFigurell. As can be see from fte above

equatioms and from fture-1, as fte T.Avg Increases. Vhe OMT.0 dooross: u the pressurizer
pressure increases tie OMTDT incre ases and the Delta-| pealty always decireases Vie setpoint.

Iffthegains andbiinesin Euaon.2 ae not dsM beproperly some ofttmns  inEquation2
could reach their maxmum (saturate), before the QTDT Se~ot:nt reaches ISRIiPppod oondigan. As
an example, conside fte typialno®im  where the input range of T.Avg 1S5303P to MOOP Thi
corre~pomndsto@o1Owl; on orlto50 ffor 7100r Faroequipment Ndw plant
isoperating at areduced power level and isafthVe middle of ItsT.AVC range (580F) a" the gain
oron fi T-Avg module is1.6 (iLe, greater than one), them for Vie 730 equpment Vihe cuutP of
theT Avg modulinsteadgstatewillbe 6mee 16a .0volts. Iffthepower levelis hn increase
and T.Avg increaseis to 595"F (65% of 1'\fange) fte T-Avg module ouWu at Vhie new steady state
shouldbeg.511nes .6. 10.4voft. However, due 10 fe harckare Um~tton Vieo u~uwllreach
ft mimimun'iof 10votanftob  vieralcrtbtonlotwtheslpitwnnot chgfoangefrayfurther
temperature increases.

This condition cam be resolvc-4 by distributing the gains InVie Equation-Z W~, decrese the Oiand
correspondingty Inrosse Vie gain 06. The Dias 16, gan Gp and gain on Vppw aiM need to
be reduced accordingly.

Trafteent response situatiOn must also be considered to asur e proper Vweatlon of the
hardware. Spec-ifcally, during atranient fte ampUfcation usociated with the load*q
corﬁ)ensatlon unit, (wood to anticipats Vie temnperature response of the Reactor Coolant System)
could caise saturation preventing further OTDT setpoint derauses on addiWna temperature
(T-Avg) alereases.
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To ilustrate this saration effct. oonsider tmlperture transint Superimposed on the initil
steady state conditions (580F) used inthe previous oxample. Figure 2 gves the output of the
T-Avg module, with the leadag compensation, toa 2F/nC temperatureinr~ase (postulated rod
withdrawal event) for atypical equipment setup (G . 0.8, L * 28/4). Note th even though
the lead/la module gain islss than 1,the T-Avg module saturat  after about 1 seconds

(~ 5sc). Atthi time the Input T.Avg has only reached 608F (580°F 14 see times 2/sec),

which isonly about 80% of its possibla " range.
Even though, the T.Avg module aturatin during tranaints may be unavodable, the gains can
always be reditrtbutea sucn that the OTT setpoint reaches aminimum to ensure atrip, i.e.,

OTDT setpoint reaches the minimum of it~ range (Ovolt, or 1volt), before the T.Avg module
saturaes (refer to Fgure 3). A technique for achieving this is outfined Inte following ection.

SOLUTION

The nonconservative impact on the OTDT  etpoint calculaion caused by steady stateor tranalent
saturation of the T.Avg leadlag module can be avoided u follows:

1. Settheganonth T-Avglad/lag module tobe sthan unity. This wiUkeep the
T-Avg module from saturating over the entire input range of T-Avg nsteady state.

2. Evaluate Equaton.2 to determine the Bia (85 and OTOT ummer gain (() suchthat
the summer output reaches a minimum to ensure atrip condition (oututequal to 0 V
or 1v) before or as the T-Avg lead/lag module output reaches saturation (output equal
t0 10 v,or Sv). This isdon withthe preure and Delta.l nput to the Summr acting,
to the maximum extent to keep the setpoint above th trip value.

The eaond step bi Illustratdin the following example using the 300 equipment voltage
range (Oto 10 v).

Initial conditions (referenced to Equation-2):
a) The ouputofth OTDT Summer isat the minimum, VOTDT g O
b) There isno Det. pnalty Vpof)4 O0Ov
c) TheTA ladNlag module reachesMatwvron, 4. V,, 10v

d) O *Vpisevaluated at the maximum prmure (usually 2500 psig)
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Solving Equation.2 undr this, oonditions wil give avalue of G,.
G, [B, 10*0, 19 0 (Equaion-3)
or,
G,allc s* (G, G) 0] 10 (Equationd)

The value of products G, *B,, G* Gpand GG ca be detennined by comparing Equation.2
to Equation-1 reduced to voltage form, using plant spocific parameter ranges and equlpment type

(7300 inthis example). Once 0, i calculated, the hiaus ,and the gainsand 6 end Foojpm
need to be calculated based on Equation2 and the products * 8, G,* GOand 0, Gd.

RECOMMENDATIONS

Scaling of the OTDT channel should be examined to confirm that sturation of the T-Avg lead/|
module will not occur inthe steady state and t. the channel gains are distrbuted such that.
durng tranrient conrtons, saturation of this module would occur only after the channel has
developed a trip astpoint

Proroper  eration of the steady stateisasured ifthe gain of the T.Avg lead/ag module Isles than
unity.

Equation-2 can be used to verfy the proper functionarliy of the OTDT ohannel under transent
onditions. VOTOT iscalculated using the plant specific values for the term., 0., and Q* Vp
(under maximum pressur  condition) and assuming the maximum vulue atthe ouWtut of aT.Avg
*leadag module (10 v or 5v)and the minimum value (Ov Or 1v) of VK( ). Ifthe value of

QVo.is'equal to or Iewthan th minimum of the equipment (0 v for 7300, or 1v for 7100 or
Foxboro) then th OTDTeoaling i done propery. Ifthe value of "DTT' does not meet this
criteria, then the gain G0 and bias B, must be adjusted as outlined inthe  aoutlon section. Once
G, iscalculated, the gains 4. G, and FoP ) need to be calculated bsed on Equlton-,.
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FIGURE 3: ILLUSTRATION OF SOLUTION
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Al holders of OLs or CPs
for nuclear power reactors.

Al holders of OLs or CPs
for nuclear power reactors.

Al holders of OLs or CPs
for BWRs.

Al holders of OLs or CPs
for nuclear power reactors.

Al holders of OLs or CPs
for nuclear piwer reactors.

Al holders of OLs or CPs
for nuclear power reactors.

Al hol ders of OLs or CPs
for nuclear power reactors.

Al holders of QLs or CPs
for nuclear power reactors.

Al holders of OLs or CPs
for nuclear power reactors.



