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ABSTRACT

Westinghouse Pas developed an appreach for detarmining
channel instrymentation uncertaint ies which uses the
square rool of the sum of the souares, with proper
accounting for statistically dependent pataseters,
T™his perer developy the equation and discusses Lhe
independence of the vardous patameters. It alsc pro-
viges a methoe of restructuring the plant's Technioeld
Speciticatiens,

In the satly 1970%s, Wesringhouse utilized the method
of arfiunpetic summaticn fév the determination ef the
unceytatnties for a Resctor Trip ¢r anpincered Halety
Features Actustion Systen pratectian function, This
pethidolopy wer adegudte al that time “ecaus. Lhe
uncetiainties and alliowarces used were telatively easy
to cover and £r1ll allov mere than adequaty rooe for
operating sacgin and flexibality, MHovevsr in the
1977/35 tine frame, with Aincscased avarencss on the
pare of both Westinghouse and the NEU that additional
wicertatnties and allowances should be Included,
Nestinghouse initiated & progras to re-evaluate the
traditional approech and reflect the new or Indreases
parameter valves. As & resuly of this program, the
eethodology used to combine the uncertainties was
revined to the sguare roet of the sus of the sguares
spproach with appropriate treatawnt of statintically
dependent parameters.
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Definitions

The parvametrers considered v thisn approach are para-

phrasec below

PROCESS MEASUREMINY APCURALY (PMA) - allowance for
pon~instsument relatyd effects which have 4 dlrect
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SENSOR CALLBRATION ACCURALY (SCAY = the
(calibration) sccuracy for -a senscr of
defined by SAMA Spandard PMC 20.141%73

SENSDE PRESSURE FFFECTE (SPE} « the chanpe in Inputs
output telaticnuhip due to & change in the static head
pressure from the galibration conditions (47 calidbra-
tion 48 performed at line pressure) or the dccuracy te
whith a correction facter is introduced for the

Aiffevence between calibrasion and operating condlzions

for & d/p transmitiet,
SEXSOR TEMPERATURE EFFECTS (STE) - the change iIn
vutpet relationshipy Jge to @ change in the smdlent
tempergtire (for wapy: ced norsal operating ceaditions)
from the reference o ibration conditions aboot a
Lranamitier
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relationship over o period of cime &t tﬂ?
conditions, e

ENVIRONMENTAL ALLOWANCE (EA)} - the change in sensor/ 4
trensaitter output due to adverse rediation and
tenperature offects from & lisiting accident c«mdum_‘f'
Typically this value is deternined from a conservative b
set of enveloping conditiens.

RACK CALIBKATION ACCURACY (RCA) ~ the reference £
(caiibrazion) accuracy, 8% defined by SAMA Standard *!
P 20.1-1973 (1], for the process rack modules (cards) 0
in an instryment loop, It Is assysed that whilc cach ¢
madule or card 1s Individualiy calibrated 1o & a‘
specific tolerance, that all rock wodules are string
calibrated to within an overall tolerance value,

.
RACK COMPARATOR SETTING ACCUNACY (HCSA) = the reierence
{calibration) sccuraty, as defined by SAMA Standard
PMC 20.1-1973 (1], of the tnatrument loop compatstor .
(bintable). 5

BACK TEMPERATURE EFFPECTS (RTE) = change in m;au:—euzmh
relationship for the process rack module string due to |
2 change in the umbient temperature from the teference

calibration conditions. "

-

[ Sy,

KACK DRIFT (RB) « the change tn input-outpul relations
whip over & period of ¢ me at reference conditions,

The abovy paraseter deli.itfors ate appidicabls for all
Weitirghouse supplied equipmest (Foxboro, Barton and
Veritsak /Tobar transnitiers, and Foxbure, Hagen 7100
and wWestinghouse 730v process racks) . Some slight
modificutions &ve hecassary Lo the determination of the
transmitter values for Rosemaunt transmitters, since
their specifications are somewhat different than the
other three, but the cverall errors are essentially the

KANE . ‘

Sennor/Transmitter Allowances

R

At noted [rom the definitions, hestinghouse uses five
parameters directly related to & transmitter, S

SPE, STE and §0 will be discussed in this section and

EA will be discussed later. Two of these patameters

are considered to be dndepcadent (SPE and STE) and

two are conservatively considered to be depesdent (50A
and SD). The SPE and STY teras are independent b -use
they =re deviations of (wo separate effects from teo
ditferent unrelated reference conditions, The -
magnitudes of these two terms are based on Westioghouse )
and vendor equipment specifications. The SCA and SD
terms are conservatively noted as being dependent

because at the time the methodelogy was developed, very o
fev plants were recording "as left/as fo wd"” data to
asslst in the determination of drift. It the mid 70's
many plants esing Westinghouse protection systewms
simply recorded the favt that the calibra lon was
within specification and net the dcrual “as left"
value. When periodic esurvelllance wis latsy performed,
the only seterrination possible was the de-lation fro®
the nominal sespoint and not the actual devistion froe
the “as lefc" point. Westinghouse then detsruined thst
the assuapticn thet these twe parometers weie Inters
active, or dependent, would conservatively bound the
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sotunl uncertainties of calibration plus drife for &
given transmitier. Toe magnitude of SCA 1s based on
the combination of the vendor's equipment specification
for the teference sccuracy and the plant’s calibration
procedure for deviczion from the nominal calibration
value. The value sor 5D is based on the vendor's
equipment specificavion and Westinghouse review of
drift data.

if & plant recorded “as left/as found" dats duting
eilibration and pericdic sutvelllance 1t would be

4 +5 reascnsble to treat 5G4 and SD ar ‘ndependent
Jii. aw. With the generation of a suffa. fently large
data base, a more accutate, statistically sased
Jeversination of rhe SCA and SD terws would be nossibie,
Ip the suthors' opinion this wouly result in an
approximate 5% reduction in the overall uncerta.nty for
g~ instrument loop snd would alsc result in & better
determination ¢f the adeguacy of 8 transmitter's
pperation The recording and utilization of the

*as left/as found” data {6 strongly recommenided by
Nestinghcuse and is consistent with the recommendations
of 18A Standard §67.06, 1987 [2]

The Westinghouse reference o SAMA Standard PMC
20.1~1973 f!} in vegards to SCA (and RCA and RLSA) has
quite &n impact on beth the plant ond the caleulated
uncertainty for the varicus protectdon functions, The
SAMA stanfard notes that when calibrating an fnstrument
stransoirter or vack module) the accuracy of the
calibration equipsent must be taken Into acsount if the
uncertainty of the calibration o1 test equipsent is
greater than 105 of the calibration value, e.p., 1f

the calibration televance Is + 0,53, then the accuracy
¢! the calibratian or teat equti ne wust be less than
s+ 2.05% 1f 1t 18 to be sgnored. (3] 1f this accuracy

i3 pot met, then the sotual accureacy of the calibration
equipment should be dncluded &5 part of the SCA, RCA,
o~ RLSA value. This 1¢ in contrast with (EEL Standard
&9R-1980, which netes that the sccuracy of the
calibration equipment should be less than ¢ 252 of the
calibration lolv'cnct‘{h] Westinghouse bRan determined
that dgnoring the calibration equipment accurtacy has
Iittle or no impact on the Westinghouse methodology 1f
the SAMA crondsrd is met, however, this is not
necessarily true 4§ the 1EEE standard is net and the
talibratlon equipment uncertainty iw 15% of the
calibration tolerance, The end tesult of this effect
I5 that the plaat must efther purchage very #icurats
calibration and test equipment or lose sowe deégree

of operating margin.

Mack Allowances

From the definitions it can be seen that Westinghouse
uses four paramsters for the process vack uncertainties,
RCA, RCSA, RTE and RD in the Westinghouse approach,
RCA, RUCSA and KD are conservatively noted to be
depundent parametern and RTE {¢ consldered to be
rdupendent For such of the sane reascns as for the
transsitters, Westinghouse assuoes Lhat the rack
calibration and drift terms are dependent, The Inclu-~
sion of the RCSA tewm is & specific allowance for the
plants that caltbrute the trip bistable separately frow
the remasnder of the racks. Ihis is not exactly
consistent with the string calibration sssumption
noted in cthe definition but it is an acceptable
procedure within the methodelogy. The magnitude of the
KTE tern 14 based on Westingh use qualificarics test
dats fer the racks The RCA and RESA velues are based
€a the combination of the ecvipment’'s reference

curaty ond the plant’s procedire for aliovable
daviation from the nominal calibration valu The valus
for RU i based or equipment specificaticns and the
resu'ts of a Nestinghouse revies of ravk drift data.
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If & plant performed & string calibration of the
inetrument Joop, dncluding the bistable, snd recordes
the “as lefc" data for the string, 1t would be
possible to reduce the number of terrs 4n tne
wethodology te RCA and RN, Urilization of the "ag
left"” data to confirm that the RCA tern was satisfied
ar) “as found" data te determine the RO tern, {1t would
be possible Lo remove the conservative assumpiion tha
the twe terms were {nteractive and calcularte the Joop
uncertainty based on the sssumption that they were
statistically Andependent. in the avthors' opinien
this would result in an epproximate 25% reduction in
the toutal ioep error,

Cther Allowances

The three remaining sllowances to be discussed are FMA,
PEA and EA, As noted in the delinirions, PMA 15 an
alliowance for non-instrument related effecte. These
encompass 8 large number of different uncertainties
which have applicability to some, but not all, of the
Westinghouae protection functions, Examples of the

PMA terms used are: temperature stratification in larpe
diameter piping for messurements with RTDs, the impact
of & change in Tevg (which impects the water density
and thus the neutron Jeakage current) in the downcomey
teglon of the reactor vessel in front of nevtron
detectors, the impact of the accurdcy of the tod
control system (Tavg) on the dennity of the primary
covignt 4n the cold leg elbow where d/p transmitters
are used to inler flow rate, the accuracy of @
preciston flov calorimetric used to normalize the cold
leg elbow tap d/p tvansmitters, and the impact of the
accuracy of the Pressurizer pressure control systewm
whdeh fmpacts the density of the water) on the
Pressurizer level transmitter. Some of these values
tovalve detalled caloulations with multiple uncertainty
growpings which are reduced to & singie value., Uther
values are simply allowences whicu are known te by
conservative and bounding .

PEA is an allowance Ffor vee of a metering device for
the measurement of flow This term 1% uved hy
Wertinghouse for elbows and ver uris, but wouold also
be used foyv an orifice Af one were uses in &
protection function. When an elbow 18 used for &
pratection tunction, the d/p tranamitecr used to maky
the measurement {6 normal. 2ed to a precision 1les
measurement to reduce the uncertainty for the Tlow
coefficient for the elbow. The PEA term i then an
allovance for the nofsy signal that ‘e characterist i
of use oF ap elbow. When & venturd ie used, this term
is the sicurncy of the determination of the [low
coetftclient for that device. This 18 vsvally perfos ad
af an independent laboratory to a high coafidence
level,

The EA term accpunts for the iapact of tie high
temperatures and radiation exposure due to a limiting
accident in the vicinity ef the transmittieor, tor
Reactor Trips ence ESF {fumition actuation, the ptimary
contributor is the high temperature thit mayv be
experfeaced at the beginning of & Main Steamline Break,
A Main Feedwater Pipe HBreak, or a Loss of Coclant
Accident, The second principal contributor is the
effect of high radfation exposure from a Loss of
Coolant Accident, These tuo contriburors are
avitheetically summed to conservatively bound the

tetal fmpact of the event. Because of the methods in
whith the transmitters are specified and environ-
mentally qualiffed, Westinghouse treats B2 as 1f it
were 2 hias tern AR a result of recent fewting of
mote ihon S5C transmitiscs performed by ore uf the
principle suppliers te Westinghouse, it was determined
tiat the historical value used for 4 for those
transmitters wee nop-conservative by as such as 402
This demonstretes the need for a comprehensive
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[7] Sclentific Apparstus Makers Associatiouw, Standard
PMC 20.1<1973, “Process Messurement and Contrel
fermitology," page 36,

[¢] lastitute of V. ectricel and Electronic Enpineers,
Standard 498-1480, “IEEE Standard Requirements for
the Calib=stion and Contrel of Measuring and Test
Equipeen: Used 4n the Construction and Maintenance
of Nuclear Power Generating Stations," page 6.

[3] MUREG-0717 Supplement No. &, "Safety Evaluation
Report Related to the Operation of Virgil €. Summert
Nuclear Station, Unic No. 1, Docket No, 50-1395.°
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