! SAFETY EVALUATION REPORT BY THE OFFICE OF NRR

CONCERNING
INDUCED NEUTRON FLUX ERROR

FOR
BABCOCK AND WILCOX REACTORS

Introduction

tn October 1220 Badcock & Wilcox (244) indicated (Ref. 1) that studies
recontly perforned had concluded that event induced errors in the neutron

flux datector readings and thus effective flux trip levels could be larger
for 312 cvents than those normally assuied in analyses. The staff responded,
f9)12wing conversations with 384, by requiring infornation from utilities
traf. 2). The utilities with opzrating BN reactors hava responded (Pef. 3)

a v s e {5 . P 1 - T - e - s € A T, |
snd the reésponse has oecen revizwad. e rosnonse and review are SJ arized

lLeare.

1n Srief the praodliens are (1) for sane codldawa evants tve coldar water in
tha Aseacoer rogfon increasas noutron flux attanuation thus potzatially
sha traznsient flux crror ON the cxcore noclear instruentation
(2v1) Szycend Lhe 25 0 r-ally veed in enalysis, end (2) for cantral rod

ction cvents the nzutron flux distritation change resulting froa the
stncisal control rod pattern ¢zuses effective levels {n the excore dotectors

to ctange (for a gqiven core sverage level), %oth effects affect trip levels

and potcatially in an amaunt bHeycnd that normally assuned.

A1l of the respc 1ing utilities, oxcept Nuke (Ocence reactors) presented a
similar response, based on atw calculations which were in turn privarily
hasad on the calculations for the HPPSS-WNP 1/4 reactors which had initiated
the problem concern. Duke carried out their own calculations and presented
therefore, a sonavhat different viewpoint. A1l concluded that the result

of potential flux error increases were suitadbly bounded within the existing
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operating paraneters of their respective reactors. In the following discussion

the two presentations will be referred to as the a%W4 and ODuke analyses.

Roth analyses were used in forming a judgnent for the review,

Fvaluation

Based on the WPPSS study 88 concluded that a 1imiting riaxinum overcooling

event, anong the ¢mall steamline break, feediater and turbine bypass events,

was a turbine bypass with eak inlet (and dewncomer) teaperature reduced by
yF P

16°F. Thay concluded that larger steamline hreaks would he tzrninated by 2
Suilding prassure or variadle low pressure trip. DNuke studied (analyzed)
saveral overcooling tvants, including turbine Sypass failura with ICS failure,

and also s+udied the largjer stazaline Sreans assuing a high flux trip vas

required.

vornally 884 has used a 2% transient flux error. This, along with other
assund errors and a trip setpoint of 105.5% of £ull powar gives a trip in
analyses of 112%. 22554 on AMISN calculations (from the PSS study) to
translate downco.z2r tesperature changas to M1 the maxinun transient inlet
teuperature reduction of about 16°F corresponds to 13% 2*7, gqiving an effective
trip point of 123%. nuke exaained data froa a nusher of test programs

relating temperature and flux readinas. 8ased on these tsts they developed

a relaticnship (1inear with temperature) batucen inlat teaperature and aNl

(at a 95% confidence level). It would provide a 122 AN at 16°F. For much

of their analysis, however, they used a 12 aN1/1°F factor (16% ANT at 16°F).
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'lsing the calculated M1 vs inlet teroerature relationship, B&W developed,

for each reactor, at its minimum pressure {trip setpoint) a (graphical)
relationship between reactor power, outlet temperature, trip lines (high

flux with error and variable low pressure = outlet tesperature) and thus

regions protected by the reactor protection system. (This is best described

in the Davis-Besse submittal). They superimposed on this 043R values calculated
using d=sign power distributions. The results, Jiich of course take advantage
of the improved DUER value at the lowar inlet tenparature conditions, demonstrate
that D3R linits (both 1.30 and 1.43 which includes a 10.2% rod bawing

penalty) fall within the protected region for cvercooling conditicns out to,

and “z2yond, 16°F overcoaling. novzr distribution calculaticn for 125% full
nawar conditions wire alsa done 10 chack perturbations in distrihutions at

those 1iaiting conditions. These ware also used Lo = 3nstrate -argin to

513 and center fuel nalt (CFM) 16aits.

ke perforied plant specific anzlyses for each ovircooling transient,

ing *he turbine typass evant (also giving the vaxinun riercoaling as

w

Yeoraks aceidnnats {aseuiing @ high flux trip

ar stcanline
is requirad), Thay vsad 1% JN1/°F to fdentify caxi=ua (non trip) power
levels (giving ahout 11% gl far the turhine bymass) and assiisd 1S failures
to maximize overcooling and analyzed for 098 using dasign packing factors.
Thay fcund that D3 and CFM Tinits v:re not excecdad, even without the
reduction which would have been providad by a lower trip level waich would

occur using tihe derived aNI - terperature error rather than 1% aNI/°F.
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The 844 sudmittals argued on the hasis of engineering judgnment that, if

haat transfer out of the fuel pin during the transient ware included in the
ejection analysis (as has not been the case in past subinittals), the power

and peaking increases for the range of reactivity insertion that might not
csuse flux trips would not recylt in paak enthalpies exceeding limits (280
cal/gm). Duke presented results of calculations of flux errors resulting

from a nusder of rod configuraticns, providing a basis for a correlation of
error with rod worth, and also prasented typical power histories as a function
of rod worth. Fron these it can be concluded that there would be a high

flux trip Tor a rod worth zbove aSout 0.12 2k at a trip level of adout 120%

{ shzn the usually assuned 112%). For rods urdar this level there
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micht not Se a flux trip, howaver, power 12v01s and ;=aking factors associated
with these rod vorths are sufficiently 1aw that the 1iait for the event 220
cal/3n) is not anoroschad, The {nitial “ransient is ninor and the quasi-
steady state is siailar to that of the single rod withirawal cvent, The
latter is “sscribed in the Midland €A yare it 1s indicated, in an analysis
(ith heat transfer, that 280 cal/sn is ot arproached (ror is 9"'3 reached)

for even larcer +od vorths than are tavolved here (e.q., greater than 0.3% zk).

The raview of the suhaittals has lead to the conclusion that the flux ¢rror
associated with the chinged power distribution for rod ejection does not
significantly affect the trip function for the larger rod worth eveats and
that the consequonces for the snaller worth events are not of a aagnitude to

approach 1imits when considering the heat transfer that occurs.



Sumiary and Conclusions

The effzctive ncutron flux trip level in BS&W reactors may be raised above

that normally used in analyses vecause of increased flux attenuation in the

downconer in cooldown events and hacause of powar (flux) distribution changes

in the rod ejection avent, Howeéver, analyses of extrene cocldown events

requiring high flux trip indicate that sufficient mar3in exists in the trip

uBR provided by the cooldown,
The

levels, as augientad by the inprovenent in D

that 1inits on 2'8 and CFM are not exceedad in operating reactors.

raview of this analysis has resulted in agreeiznt with this conclusion for

soerating resctors. However, all future analyses of these avents for 3&W

b

reactors should include in the affactive trip level for cool4oun events a

-yitasle flux errar tzra of a :ynitude as dis=issad in this rovicw, @.9.

132 481 for a 16°F codldown, Or as specifically derived for the raactor as

has heen done by Nuke. For the rod ejection evont the znalysis of the

tncresscd ervor indicatas that the oaly cvents «hich inay be significantly

affectod are those with saller vod vorths for hich the conséquences are

£

trip, Tha ravicw has concluded that

Selew 15 4%s cven withoat 3 high flux

Ao chiintes &ra kected In gpirating paraneters for currently aperating roactors

hecause of Lthis error.
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Referances

Letter from Janes Taylor (B&NW) to Victor stello (MRC), October 29, 192380:
"secylts of Recent Induced Flux Error Investigations."”

vamsrandum from L. S. Rubenstein (MRC) to T. Movak (NRC), NovemberVZB, 1930:
"84 Induced Flux Srror.”

Letters from the following utilities on the indicated dates to the

1eC, Operating Peactor 3ranch 4.

Toledo Edison, March 18, 1931

Duke Powzr Co., i*arch 19, 1381

Sacra :=nto 'unicinal Utility District, “arch 20, 1931,
vt eanslitan Sdicon Co., Septenber 29, 1281,

S1orida Ba.2r Corp., March 20, 1581

artznsas Po.er 8 Light Co., January 30, 1281.



