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1.0 INTRQOUCTION

In March of 1977, the NRC requested several utilities with Westinghouse
Nuclear Steam Supply Systems to reply to a series of questions concern=
ing the metnodolegy for determining ingtrument setpoints. A statistical
methodology w~as developed in response Tt those questions with a corres-
ponding defense of the technique used - determining the overall
allowance for each setpoint.

The basic underlying assumption used is that several of the error com-
ponents and their parameter assumptions act independently, e.g., |

]*a'c. This allows
the use of a statistical summation of the various breakdown components
instead of a strictly arithmetic summation. A direct benefit of the use
of this technique is increased margin in the total allowance. For those
parameter assumptions known to be interactive, the technigue uses'tne
normal, conservative approach, arithmetic summation, to form independent
quantities, e.g., { ) ]"'c.
of the overall approach is provided in Section 2.0.

An explanation

Section 3.0 provides a description, or definition, of each of the
various components in the setpoint parameter Dreakdown, thys fnsuring a
clear understanding of the breakdown. Also provided is a detailed
example of each setpoint margin calculation demonstrating the technique
and noting how each parameter value is derived. 1n nearly all cases,
significant margin exists between the statistical summation and the
total allowance.

Section 4.0 notes what the current (read NRC) Technical Specifications
use for setpoints and an explanation of the impact of the statistical
approach on them, QOetailed examples of how %o determine the Technical
Specification setpaint values are also provided. An Appendix is pro-
vided noting a recommended set of Technical Specifications uysing the

plant specific data in the statistical approach.
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2.0 CCMSINATICN OF ERROR CCMPONENTS

METHCOOLOGY

The methodology used to combine the error components for a channel is
basically the appropriate statistical combination of those groups of
components which are statistically independent, i.2., not interactive.
Those errors which ;re not independent are placed arithmetically into
groups. The groups themselves are independent effects whith can then bDe
systematically combined.

The methodology used for this combination is not new. Basically it is
the [ 1%2:¢+® Lnich has been
utilized in other westinghouse reports. This technique, or other:
statistical approaches of a similar nature, have been used in
weap-9180¢1) and wear-8567¢2). It should be noted that WCAP-8S6]

has been approved by the NRC Staff thus noting the acceptability of
.gtatistical techniques for the application requested. It should also be
recognized that ANS[, the American Nuclear Society, and the Instrument
Society of America approve of the use of probabilistic techniques in
determining safety-related sctpoints(a)(‘). Thus it can be seen that
"she use of statistical approaches in analysis technigues is becoming

more and more widespread.

(1) Little, C.C., Kopelic, S. 0., and Chelemer, H., "Consideration of
Uncertainties in the Specification of Core Hot Channel Factor
Limits.* WCAP-3180 (Proprietary), WCAP-318I (Non-Proprietary),
September, 1977.

(2) Chelemer, H., Boman, L. H., and Sharp, 0. R., “Improved Thermal
Design Procedure,” WCAP-3567 (Proprietary), WCAP-B8568
(Non=Proprietary), July, 1975.

ANSI/ANS Standard $8.4-19379, *Criteria for Technical Specificatt
far Nuclear Power Stations.”

{SA Standard $67.04-1382, 'Setpoints for Nuclear safety-Related
tastrumentation Used n Nuclear Power 2lants.”
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The retationship Setween the errar components and the tatal statistical
error allowance for a channel is,

]+a.c
[ J
£q. 2-1

where:

CSA = Channel Statistical Allowance

PMA = Process Measurement Accuracy

PEA = Primary Element Accuracy

SCA « Sensor Calibration Accuracy

SO = Sensor Orift

STE = Sensor Temperature Effects

SPE = Sensor Pressure Effects

RCA = Rack Calibration Accuracy

RCSA = Rack Comparator Setting Accuracy

RD = Rack Drift

RTE = Rack Temperature Effects

£A = Environmental Allowance
As can be seen in Egquation 2.1, ( ]oa.c

allowances are interactive and thus not independent. The (

]"'c is not necessarily considered interactive with all
other parameters, but as an additional degree of conservatism is added
to the statistical sum. It should be noted that for this document it
wa$ assumed that the accuracy effect on a channel due to cable degra-
dation in an accident environment will be less than 0.1 percent of
span. This impact has been considered negligible ana is not factored
into the analysis. An error due to this cause found to be in excess of
0.1 percent of span must be directly added as an envirenmental error.

The Westinghouse setpoint methodoalogy resulls in a value #ith 3 35 per-

4

£y 3 i a . - : 4 - b | S - - . a - LN -
¢3nt prodad! ty #1th a high <onf jence level., WIth the #xceplion of

. -

Process Measurement Accuracy, ack Srift, ang Sensgr Crifi, 4
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incertainities assumed are the extremes of the ranges of the various
sarametars, i.e., are detter than 2¢ values. Rack Orift and Sensor
Jrifs are assumed, bSased on a survey of reported plant LERs, and with

Srocess Measurement Accuracy are considered as consarvative values.

2.2 SENSOR ALLOWANCES

Four parameters are considered to »e sensor 3)lowances, SCA, SO, STE,

and SPE (see Table 3-18). Of these four parameters, two are considered

to be statistically independent, { ]+a.c' and two are con-

sidered interactive ( ]+a,c. ( ]”'c are con-

sidered to be independent due to the manner in which the instrumentation
\s checked, i.e., the instrumentation is [

"'C. An example of this would de as follows, assume 3

)

L-

+* : ¢
R ] 3.€ .re considered to be interactive for the same reason

that ( ]“‘c are considered independcent, 1.e., due to the

manner in which the tnstrumentation 15 checked. [

:10/013184
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&

"
]"". 8ased on this reascning, |{

+3,C

]

factored into fgquation 2.1. An example of the impact of this treatment
is: for Pressurizer Water Level-High (sensor parameters only):

nhave been added to ‘afm an independent group which is then

*3,C

using Equation 2.1 as written gives 2 total of;

*a,C

= ]1.66 percent

Assuming no interactive effects for any of the parameters gives the
following results:

*a,¢
(€q. 2.2)

« 1,32 percent

Thus {1t can be seen that the approach represented Dy Equation 2.1 which
accounts for interactive parameters results in a more conservative sum-

mation of the allowances.
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2.3 RACK ALLSWANCES

Four parameters, as noted by Tadble 3-15, are considered to be rack
allowances, RCA, RCSA, RTE, and RO. Three of these parametars are
considered to Se interactive (for much the same reason outlined for

sensors in 2.2), ( st

-

]"". 8ased on this logic, these three factors have Deen added

to form an independent group. This group is then factored into Equation
2.1. The impact of this approach (formation of an independent group
based on interactive components) is significant. For the same channel
using the same approach outlined in Equations 2.1 and 2.2 the following
results are reached: |

+a,C

using Equation 2.1 the result is;

“©

1 e | - - "~
= 82 percant

4558Q:10/013184
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Assuming no interactive effects for any of the parameters yi telds the

+3,C

(Eq. 2.3)

= 1.25 percent

Thus the impact of the use of Egquation 2.1 is even greater in the area
of rack effects than for the sensor. Therefore, accounting for inter-
active effects in the statistical treatment of these allowances insures
a conservative result.

2.4 PROCESS ALLOWANCES

Finally, the PMA and PEA parameters are considered to de independent of
both sensor and rack parameters. PMA provides allowances for the non-
instrument related effects, e.g., neutron flux, calorimetric power error
assumptions, fluid density changes, and temperature stratification
assumptions. PMA may consist of more than one independent error allow-
ance. PEA accounts for errors due 10 metering devices, such as elbows
and venturis. Thus, these parameters have been statistically factored
into Equation 2.1.

-
-
b
.
"
.
(s 1}
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1.0 PROTECTION SYSTEM

MARGIN CALCULATION

As notad in Section QOne, Westinghouse utilizes a statistical summation
of the various components of the channel breakdown. . This approach is
valid where no dependency is precent. An arithmetic summation is

required where an interaction between two pi.ameters exists, Section Two
i

provides a more detailed explanation of this approach. The equation
used to determine the margin, and thus the acceptadility of the
parameter values used, fis:

where:

TA = Tota) Allowance, and
al) other parameters are as defined for Equation 2.1.

Tables 3-1 through 3-15 provide individual channel breakdown and. channel
statistical allowance calculaticns for all protection functions utiliz-
ing 7300 process rack equipment. Table 3-16 provides a summary of the
previous 15 tables and includes analysis and technical specification
values, total allowance and margin.

3.2 QEFINLTIONS FOR PROTECTION SYSTEM SETPOINT TOLERANCES

To insure a clear understanding of the channe! breakdown used in this
report, the following definitions are noted:

Trip Accyracy

b 4 oy o
ihe toierance

gifference Selween

4555Q:10/013184
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;artaple and (3) the actual value at which a comparator trips (and
shus actuates some desired result). This is the tolerance band, in
sercent of span, within which the complete channel must perform its
intended trip function. It includes comparator setting accuracy,
channel accuracy (including the sensor) for each input, and environ-
mental effects on the rack-mounted electronics. It comprises al)
instrumentation errors; however, it does not include process
lveasurement accuracy.

-

Process Measyrement Accuracy

Includes plant variable measurement errors up to but not including
the sensor. Examples are the effect of fluid stratification on
temperature measurements and the effect of changing fluid density on
level measurements.

Actuation Accuracy

Synonymous with trip accuracy, but used where the word “trip" does
not apply.

Inqﬂcgtion Accuracy

The tolerance band containing the highest expected value of the
difference between (a) the value of a process variable read on an
indicator or recorder and (b) the actual value of that process vari-
anle. An indicatton must fall within this tolerance dand. It
includes channel accuyracy, accuracy of readout devices, and rack
environmental effects, but not process measurement accuracy (such as
fluid stratification). [t also assumes 3 controlled environment for

the readout device.

Channel Accuracy

- - ~ aalan 7 - 1 P Sme-tiXaie - s - ad S
The accuracy of an analceg channel ~RicA eluses the 3accuricy of ne

grimary e'ement ang/or transmitier and ncdules in the cha'n where

:10/013184 KLY
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calisration of modules intermediate in a chain is allowed to com-
sensate for errars in other medules of the ¢hain. Rack environ-
mental effects are not included nere %o avoid duplication due %o
dual inputs, Mowever, normal enviroamental effects on field mountad

nardware is included.

Sensor Allowable Deviation

The accuracy that can be expected in the field. It in¢ludes drift,
temperature effects, field calibration and for the case of 4/p
transmitters, an allowance for the effect of static pressure vari-
ations.

The tolerances are as follows:

]"bc percent unless

Reference (calibration) accuracy - (
other data indicates more inaccuracy. This accuracy is the SAMA
reference accuracy as defined in SAMA standard

pMc-20-1-1973¢1)

Temperature effect - [ ]+abc percent based on a nominal
temperature coefficient of [ ]¢abc percent/100°F and a maxi-
mum assumed change of SO°F.

Pressure effect - usually calibrated out because pressure is

constant. 1f not constant, nominal ( 3’°°c percent is

used. Present data indicates a static pressure effect of

approximately ([ ]"Dc percent/1000 psi.

Orift - change in input-output relationship over 23 period of
time at reference conditions (e.g., ( ]oa.c

.t ]oabc of span).

T
] . {fi- A \ s - s A . & § - - ’
(V) Sctent!fic Agparatys Manryfacturers A rten, Standard

IMC-20-1-1373, "Process Measurement and cCont ! Terminglogy

1Q:10/013184



i WESTINGHOUSE PROPRIETARY CLASS 3

-4

3 5 -~ i
cwaile Deviation

Racc AT

The tolerances are as follows:

a. Rack gg1€grg;10n Accuyracy

The accuracy that can de expected during a calibration at
reference conditions. This accuracy is the SAMa reference
accuracy as cefined in SAMA standard PMC-20-1~1973(]). This
includes all modules in a rack and is a total of ( ]”bc
percent of span assuming the chain of modules 1s tuned to this
accuracy. For simple loops where 3 power supply (not used as a
converter) is the only rack module, this accuracy may be
ignored. A1l rack modules 1ndividua11y'must have a reference

+abc
]

accuracy within [ percent,

b. R nvironmenta) Eff

Includes effects of temperature, humidity, voltage and frequency
changes of which temperature is the most significant. An
accuracy of [ ]¢abc percent is used which considers a

nominal ambient temperature of 70°F with extremes to 40°F and
120°F for short periods of time.

¢. Ragk Orift (instrument channe) drift) - change in input-output
relationship over a period of time at reference conaitions

L Oa 'c
TN P ¢ ) ) = &1 percent of span.

Assuming an exact electronic input, (note that tne *channe)
accuracy* takes care of deviations from this ideal), the taler~
ance on the precisien with which a comparator trip value

ton, Stancard

-~
)

v e - .
- cmanl Ao
P eCchnNg ur;j

(1) Scientific Apparatus Manyfactureres Assoc?
PMC-20-1-1973, "Process Measurement and o
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can oe set, ~ithin such practical constraints as time and efforet
expended in making the setting.

T™he tolerances are as follows:

1+abc percent

(a) Fixed setpoint with a single input - (
accuracy. This assumes that comparator non'inearities are
compensated Dy the setpoint.

+adc
)

(b) Oual input - an additional [ percent must be

added for comparator nonlinearities between two inputs.

Tota)l [ )vabc percent accuracy.

Note: The following four definitions are currently used in the

10.

11,

Standardized Technical Specifications (STS).

inal fet m Setting

The desired setpoint for the variable. Inicia) calibration and
subsequent recalibrations should be made at the nominal safety
system setting ("Trip Setpoint® in STS).

Limiting Safety System Setting

A setting chosen to prevent exceeding a Safety Analysis Limit
(*Allowable Values"® in STS). violation of this setting represents

an STS violation.

Allowance for Instrument Channe! Orift

The difference between (8) and (93) taken in the conservative
direction.

Safety Aralysis Limit

The setpoint value assumed 'n safety ana'yses.

:19/013184 3-3
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2. Igral Al'swasle Setpoint Deviation

Same definition as 9, but the difference between 3 and 12 encom-

+a3,c¢
passes [ 1

"3.3 STATISTICAL METHOQQOLOGY CONCLUSION

The Westinghouse setpoint methodolegy results in a value with a 95 per-
cent probability with a nigh confidence level. With the exception of
Process Measurement Accuracy, Rack Orift and Sensor Orift, all uncer-

tainties assumed are the extremes of the ranges of the various
parameters, i.e., are better than 2¢ valyes. Rack Qrift and Sensor
Orift are assumed, based on a survey of repurted plant LERs, and with
Process Measurement Accuyracy are considered as conservative values.
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TABLE 3-2

POWER RANGE, NEUTRON FLUX - HIGH POSITIVE RATE AND HIGH NEGATIVE RATE

2arameter A Allowance*
Process Measurement Accuracy _*a,c
i - ~+a,¢
L

Primary Element Accuracy

Sensor Calibration ' +3,¢ .

Sensor Pressure Effects

Sensor Temperature Effects +a,¢

Sensor Orift +2a,¢

Environmental Allowance

Rack Calibration
Rack Accuracy

Comparator
One input

Rack Temperature Effects

Rack Orift

—————

» In percent span (120 percent Rated Thermal Power)

Channe! Statistical Allowance = 2

B ariesnitil

L

4§55Q:10/013184
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TABLE 3-3
INTERMEOIATE RANGE, NEUTRON FLUX

Process Measyrement Accuracy a,c

| . A
L J '

Primary Element Accuracy

Sensor Calibration +3,c

( )

sensor Pressure Effects

sensor Temperature Effects +3,c

( ]

Sensor Orift +3,¢

{ )

Environmental Allowance

Rack Calibration
Rack Accuracy

Comparator
One input

_ Rack Temperature Effects

Rack Drift
§ percent of Rated Therma) Power L

——— ————

* In percent span (conservatively assumed to he 120 percent Rated Thermal Power)

Channel Statistical Allowance =

*3,C

-

.10/013184 39
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TABLE 3-4
SOURCE RANGE, NEUTRON FLUX

Parameter

9rgcess Measyrement Accuracy +3,cC

| |

Primary Element Accuracy

Sensor Calibration +3,¢

( ]

Sensor Pressure Effects

Sensor Temperature Effects +a,c

( ]

Sensor Orift +a,¢

( ]

Environmental Allowance

Rack Calibration
Rack Accuracy

Comparator
One input

Rack Temperature Effects

Rack Orift
3 x 10% ¢ps

e = s

* In percent span (1 x 108 counts per second)

Channel Statistical Allowance =

4665Q:10/013184 319

Allowance*

+d,C

*4,¢
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Parameter

Process Measurement Accuracy

-

Primary Element Accuracy

Sensor Calibration

Sensor Pressure Effects

SQQsor Temperature Effacts

-

Sensor orift

L

Environmental Allowance

Rack Ca'ibration

-

Rack Accuracy
(

TABLT 3-S5

QVERTEMPERATURE N-16

+3,C

3-11

T4a,c

+3,C
-

Allowance*

—

-

—~




Ul TABLE 3-5 (Continued)

OVERTEMPERATURE N-16

Parametar Allowance*

Total - - +3,C

Tey |

Te2 i

N-16

Pressure Channel 1

41 Channel !
|
|

Comparator
Twe inputs

Pack Temperature Effects ( j*ta.¢c
Rack Jrift

Setpoint reference signal
N-16 channel L

* In percent span (T, - 120°F, pressure - 800 psi, N-16 - 150 percent
Pated Thermal Power, Al - & 60 percent AI)

»* See Table 3-17 for gain and conversion calculations

Channel Statistical Allowance = sa.c

—_— —
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TABLE 3-6

OVERPOWER N-18

Parameter Allowance™
Process Meacurement Accuracy +3,¢ SR

Primary Element Accuracy

Sensor Calibration s3.c
Sensor Temperature Effects -
( )

Sensor Pressure Effects

Sensor Orift +a,c

Environmental Allowance

Rack Calibration +3,c¢

| |

Rack Accuracy
( TR e

Tota!)
Te
N-1%
Setpoint

Comparator
Two inputs

Rack Temperature Effects [ JEA

Rack Jrift
Setpuint reference signal

N-18 crannel
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TABLE 3-6 (Continued)

' QVERPOWER N-16

* [n percent span (T. - 120°F, N-16 - 150 percent Rated Thermal Power,
al - + 60 percent X!)

== See Table 3-18 for conversion calculations

Channel Statistical Allowance =

+3,C
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1ABLE 3~
PRESSURIZER PRESSURE - LCW AND HIGH, REACTOR TRIPS
+3,¢
— —
Process Measurement Accuracy
Primary €lement Accuracy
Sensor Calibraticn
]

Sensor Pressure tffects
Sensor Temperature Effects

[ "
Sensor Orift

Low Pressure Trip

High Pressure Trip [treated as a bias)*d.¢
Environmental Allcwance
Rack Calibration

Rack Accuracy
Comparator

One input
Rack Temperatuyre Effects
Rack QOrift

= -

————

* In percent span (800 psi)
e Channel Statistical Allowance =

-

4§55Q:10/051184

e
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-
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TABLE 3-8

PRESSURIZER WATER LEVEL - HIGH

Parametar ; Allowance*
Process Measurement Accuracy -*2,C
+a,c
( ]

Primary Element Accuracy ‘
Sensor Calibration |
Sensor Pressure Effects
Sensor Temperature Effects
Sensor Orift

Environmental Allowance

Rack Calibration
Rack Accuracy

Comparator
One input

Rack Temperature Effects

Rack Orift 8

—_—— ——

* [n percent span (10C percent span)

Channe) Statistical Allowance = “a.c

|

45550:10/051184 s
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TABLE 3-9

LOSS OF FLOW

Parametsr - Allowance*
ﬂoa,:
Process Measurement Accuracy ( [
ra,c
Primary Element Accuracy
+a,c
( ]
Sensor Calibration +a,c
( ]
Sensor Pressure Effects +3,c
( ]
Sensor Temperature Effects
[ *+3,C
Sensor Orift [ ]*a.c
Environmenta)l Allowance
Rack Calibration
Rack Accuracy ( ]*a.¢
Comparator
One input( J*a.c
Rack Temperature Effects ( ]*e.¢C
Rack Orift
| 1.0 percent AP Span i
.

———— -

* In percent flow span (120 percent Thermal Qesign Flow)
** See Table 3-23 for explanation

Channel Statistical Allowance = +3,¢

»

e miatunal

| 4555Q:10/051124
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TABLE 3-10a

STEAM GENERATUR WATER LEVEL - LOW-L0W UNIT 1 (04)

Parameter - Allowance*

Process Measurement Accuracy
Density variations with load due 10 changes
in recircylation®*

( s

-

]*’6 €

Primary Element Accuracy
sensor Calibration
Sensor Pressure Effects

Sensor Temperature Effects
( b

Sensor Orift
gEnvironmental Allowance
Reference Leg Heatup

Rack Calibration
Rack Accuracy

Comparator
One input

Rack Temperature Effects

Rack Orift ' L

B e

* In percent span (100 percent span)

»* Se~ Table 3-19 for explanation

(

]oa.c

Channel Statistical Allowance = - a,cC

*3,C
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TABLE 3-10b

STEAM GENERATOR WATER LEVEL - LOW-LOW UNIT 2

Parameter

Process Measurement Accuracy
Density variations with load due to changes
in recirculation**

Primary £lement Accuracy

Sensor Calibration

Sensor Pressure Effects

Sensor Temperature Effects

Sensor Orift

Environmental Allowance

Reference Leg Heatup

Rack Calibration
Rack Accuracy

Comparator
One input

Rack Temperature Effects

Rack Orift

—_—————————

* In percent span (100 percent span)
#» See Table 3-19 for explanation

Channrel Statistical Allowance =

Ca

- |y

45550:10/013184
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+3,C

-
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-

Allgwance*

*3,C
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TABLE 3-11

CONTAINMENT PRESSURE - HIGH, MIGH-HIGH, HIGH-HIGH-HIGH
Span = 85 psi

Parameter Allowance*
Process Measurement Accuracy §

Primary Element Accuracy
Sensor Calibratien ;
Sensor Pressure Effects
Sensor Temperatuyre Effects
Sensor Orift

Environmental Allowance

Rack Calibration
Rack Accuracy

Comparator
One input

Rack Temperature Effects

Rack Orift
0.65 psig

—_—

* In percent span (83 psig)

Channel Statistical Allowance =

+3,C

1.20

4555Q:10/013184 3-2C

+d,
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Parameter

Process Measurement Accuracy
Primary Element Accuracy
Sensor Calibration

S;nsor Pressure Effects
Sensor Temperature Effects
Sensor Orift

Environmental Allowance

Rack Calibration
Rack Accuracy

Comparator
One input

Rack Temperature Effects

Rack Orift

——

* [n percent span (800 psi)

Channel Statistical Allowance =

0:10/050184

TABLE 3-12

Y INJECTION

- ‘Q,C

Allowance*™

~
*3,~

1 )
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TABLE 2-13

-STEAMLINE PRESSURE - LOW

Parameter Allgowance®

*a,C

Process Measurement Accuracy
Primary £lement Accuracy
Sensor Calibration

Sensor Pressure Effects

Sensor Temperature Effects

Sensor Orift

Environmental Allowance

Rack Calibration
Rack Accuracy

Comparator
One input

Rack Temperature Effects

Rack Orift

—_—

* [n percent span (1300 psig)

Channe) Statistical Allowance = +3,¢
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TABLE 3-14

NEGATIVE STEAMLINE PRESSURE RATE - HIGH
Paranietar ! Allowance*
2 -1 +4,C
Process Measurement Accuracdy
Primary Element Accyracy
Sensor Calibration 3

sensor Pressure Effects

*a,C

Serfor Temperature Effects +3,¢C
SeTsor Drift }va,c

Environmental Allowance

Rack Calibration
Razk Accuracy

Comparator
One input

Rack Temperature Effects

Rack Orift
- -
* 1n percent span (200 psig)
Channe) Statistical Allowance =
*3,¢

g

- A-
.

4555Q:10/013184 <=zl
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TABLE 3-15a
STEAM GENERATOR WATER LEVEL - HIGH-HIGH UNIT 1 (04
Parameter ' Allowance*
Process Measurament Accuracy

density variations with load due to changes - -
in recirculation**

[ ]*a.c
4

Primary tlement Accuracy

o

Sensor Caiibration

Sensor Pressure Effects
Sensor Temperature Effects
Sensor Orift

Environmental Allowance

Rack Calibration
Rack Accuracy

Comparator
One tnput

Rack Temperature Effects

Rack Orift

l s * In percent span (10C percent span)

=» See Table 3-19 for explanation

Channel Statistical Allowance =

*3,C
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TABLE 3-15Db

\

o

STEAM GENERATOR WATER LEVEL - HIGH-HIGH uUNiT 2 0

Parameter : Allowance*

Process Measurement Accuracy
gensity variations with load due to changes -
in recirculation*™ R

-3,

O

Primary Element Accuracy
Sensor Calibration

Sensor Pressure Effects
Sensor Temperature Effects
Sensor Orift

Environmental Allowance

Rack Calibration
Rack Accuracy

Comparator
One input

Rack Temperature Effects

Rack Orift
L

P

* [n percent span (100 percent span)
#» See Table 3-19 for explanation

Channel Statistical Allowance =
+3,c

|

4555Q:10/013184 3-2%
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WESTINGHOUSE PROPRIETARY CLASS 3

TABLE 3-17

. QVERTEMPERATURE N-18

. (1 + 115 *
0T "N < K1 - K2 \T—:—?;g Tc - Tc } + K3 (p-P°) - f1 (Al)

where:

I » 5.3
16 ]
OT Ns(‘*15>q‘
2
g, » X {1 =% ( } )( ! )( 1 >£shx5(TC-Tc)%1s
1 8 RN AU AU 1S ‘1 + K (1 -qy) N

16N = 16.’& PWR - KgN] - K10N2
N]. N2 = outputs of top sections of excores
K"°m = 1.089 percenf RTP
K%‘x = ]“'c percent RTP
K2 = 0.00948 1/percent RTP -°F
Ka = 0.000494 1/percent RTP -psi

vessel AT = 618.2-558.8°F = 59.4°F
positive F(AI) gain = 1.55 percent RTP/percent Al

*3,C

0:10/050284 3=21
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TABLE 3-17 (Continued)

OVERTEMPERATURE N-16 GAIN AND CONVERSICN CALCULATIONS

I

*3,C
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TABLE 2-18

OVERPOWER N-16 CONVERSION CALCULATIONS

0916N < K, =

s fz (Al)

where:

Y+ 1.8 “
8 1
op N'(] +ts>qi
2
) 1 ]
v lg "s%"’% <1 ; z3s><1 ; 145><1 ; xssﬂ

2T &
1 + Ks (Tc rc )g 16,
\+K6(1-q‘)

{ O | S
N = N PAWR - KgN] - KIONZ
N]. N2 = outputs of top sections of excaores
ma x +a,c
K‘ e [ ]
1" 1.0
vessel AT = 59.4°F | percent RTP = 0.59°F ~ 0.6°F

fz(M) =0
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TABLE 3-18 (Continued)

QVERPOWER 'N-16 CONVERSICN CALCULATIONS
+3,C

4555Q:10/013184 1.10
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TABLE 3-19

STEAM GENERATOR LEVEL DENSITY VARIATIONS

Secause of density variations with load due to changes in recircylation,
it is impossible witheut some form of compensation to have the same
accuracy under all load conditions. In the past the recommended calibra-
tion has been at SO percent power conditiens. Approximate errors at 0
percent and 100 percent water leve) readings and also for nominal trip
points of 10 percant and 70 percent leve) are listed below for a typical
50 percent power condition calibration. This is a general case and will
change somewhat from plant to plant. These errors are only from density
changes and do not reflect channe) accuracies, trip accuracies or indi-

cated accuracies which has been defined as 2 AP measurement on\y.(])
INDICATED LEVEL (50 Percent Power Calibration)
0 10 70 100
percent ‘percent percent percent
. -
P u
L
L .

ton/Safequards and

,.
—
~—
=
e
it
v
¢
el
w
[
“
“©
<
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o
'a)
i
-
-
W
it
o
w
w
"
«
3
v
b
©
ot
W
o
e

. ]
1 L Bt | UAar~n <
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o
o
v
R
)
w
q

Selected Control Channels”, ACAP-31
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—
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TABLE 3-20
4P MEASUREMENTS EXPRESSED IN FLOW UNITS

The AP accuracy expressaed as percent of span of the transmitter applies
throughout the measured span, f.e., + 1.3 percent of 100 inches 4P = +# 1.5

. 2
inches anywhere in the span. Because F° = f(AP) the same cannot De

said for flow accuracies. When it is more convenient to express the

accuracy of a transmitter in flow terms, the following method is

4§55Q:10/051534
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el

Equation 3-20.8 is used to express errors in percent full span in this
document.

il

+3d,
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TABLE 3-2]

Tavg - LOW, LOW-LOW

Parameter

Process Measurement Accuracy : =
- —1"’
L 1 -

Primary Element Accuracy
Sensor Calibration

[

Sensor Pressure Effects

+3,C

| WS

Sensor Temperature Effects 3¢

( J
Sensor Orift
[ 1

Environmental Allowance

*3,C

“

Allowance*

+d,C
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TABLE 3-21 (Continued)
Tavg. .- LOW, LO
Parameter Allowance*™

Rack Calibration

Rack Accuracy

(

Total

TCI

TC]
N-16

Comparatof
One input

Rack Temperature tffects

(

Rack Orift
N-16 Channel
Tc Channel

*In percent span (Tc - 120°F, N-16 - 150 percent Rated Thermal Power,

Al - & 60 percent &I, T, o ~ 100°F)

4555Q:10/013184
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fazd = LOW, LOW-LCW

Channel Statistical Allowance =

-




WESTINGHOUSE PROPRIETARY CLASS 3

i3 TABLE 3-22

Tive = WO ;:g-;:w N-16 GAIN CALCULATIONS

S \
\ \ \ ; g '
R T ( L) (=) (i ) HEA TarRl B
1 8 1 ‘1+13$) \10145) \1+1SS ‘1 + KS (!-q])
16 16
N = N Pwr, - KQN] - K10N2
N], Nz = outputs of top sections of excores

vessel AT = 618.2 - 558.8°F = §9.4°F
100 percent RTP = 60°F

1 percent RTP = 0.6°F or 1°f = 1.7 percent RTP

+a,C

4§55Q:10/051184 1.17
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-

TABLE 3-22 (Continued)

?AVG - LOW, LOW-LOW N-16 GAIN CALCULATIONS

*a ,C

a
A:1001184 -
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TABLE 3-23

SRECISION FLOW MEASUREMENT

Parameter Allowance*
Pressurizer orassure uncertainty [ ~ -1‘3a°
+3,cC Al :
] % on ca'd leg specific volume
{
{
Pressurizer or3ssure uncertainty [
* 2 :
1 3:€ 4n hot leg specific volume
Tc uncertainty [ ]¢a,c on cold leg
specific volume
J .
Tc uncertainty [ - 1] 3.€ 5n hot leg
specific volume
+a,c
Uncertainty on hot leg wctlumetric flow [ ]

|

l

Hot leg vo'umetric flow uncertainty on hot leg specific volume !
+3,C e

. R |

Precision calorimetric 100p power yncertainty on
*a,
hot leg specific volume [ ]

“©

Procelyre convergence #£rror on 106p power
,*3,¢

[ s |

e Ch sl 3
, impact on MOt 129

= percent flow
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TABLE 3-24
INST LEVEL - AUTOMATIC SwITCHOVER

Parameter - Allowance*

+3 ,C
Process Measurement Accuyracy

Primary £lement Accuracy
Sensor Calibration

Sensor Pressure Effects
Sensor Temperature Effects
Sensor Orift

Environmental Allowance

Rack Calidration
Rack Accuracy

Comparator
One Input

Rack Temperature E£ffects

Rack Orift

e e e e

«1n percent span (100 percent 4p)
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TABLE 3-24 (Continued)
RWST LEVEL = AUTOMATIC SWITCHOVER

-~

Channe? Statistical Allowance = We-a,w

-

”
>
(e8]

&
<
1
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3.1 CURRENT USE

The Standardized Technical Specificaticns (STS) as used for Westinghouse
tvpe plant designs (see NUREG-0452, Revision 4) utilizes a two column
format for the RPS and ESF system. This format recognizes that the
satpoint channel breakdown, as presented in Figure 4-1, allows for a
certain amount of rack drift. The intent of this format is to reduce
the numper of Licensee Event keports (LERs) in the area of instrumenta-
tion setpoint drift. It appears that this approach has Ddeen successful
in achieving its goal. However, the 2pproach utilized is fairly sim-
plistic [

«a,c
]

* The use of the statistical summation technique described in Section 2 of
this report allows for a natural extension of the two column appreoach..

(

‘ * .

J 3. ind allows for a more flexible approach in report-
ing LERs. Also of significant henefit to the plant is the incorporation
of sensor drift parameters on an 18 menth basis (or mere aften if neces-

sary).

€50:10/013188 4=
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4.2 wESTINGHOUSE STATISTICAL SETPOINT METHOOOLOGY FOR STS SETPOINTS

~

Recagnizing thet Desides rack-drift the plant also experiences sensar
drift, a different approach %o technical spesification setpoints, that
{3 somewhat more sophisticated, is used today. This methodology

accounts for two additional factors seen in the plant during periodic
surveillance, 1) interactive effects for both sensors and rack and, 2)

sansor drift effects.
4.2.) RACK ALLOWANCE

The first item that will Dde covered is the interactive effects. 'When an

+a,c . :
he is seeing more

instrument technician looks for | ]
than that. This interaction has been noted several times and is handled

in Equations 2.1 and 3.1 [

]+a.c' To provide a conservative *trigger value®, the differ-
ence between the STS trip setpoint and the STS allowable value is

determined by two methods. The first is simply the values used in the
+a,c

{ ; A The second
(
]+a.c as follows:
( e (F5. 4.1)
where:

“©

t
{
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1 oo i
| WSSt

The smaller of the trigger values should be used for comparison with the

+ TG .
177" value. As long as the "as mea-

"as measured” [
sured* value is smaller, the channel fs well within the accuracy
allowance. If the "as measured” vaiue exceeds the “trigger val .e", the
actual numbers should be used in the calculation described in Section

4.2.3.

This means *hat all the instrument technician has to do during t. 31
day periodic surveillance is determine the value of the distable rip
setpoint, verify that i* 1s less than the STS Allowable Value, and does
not have to account for any additional effects. The same approach is
used for the sensor, i.,e., the "as measured" value is usec when
required. Tables 4-1 and 4-2 show the current STS setpoint philoscphy
(NUREG-0452, Revision 4) and the westinghouse rack allowance (for use on
3] day surveillance only). A comparison of the two different Allowable
values will snow the net gain of the Westinghouse version.

4.2.2 INCLUSION OF “AS MEASURED" SENSOR AL LOWANCE

1f the approach used by Westinghouse was 4 straight arithmetic sum,
sensor allowances for drift would also be straight forward, i.e., 3
three column setpoint methodology. However, the use of the statistical
summation requires a somewhat mere complicated approach. This method-
ology; as demonstrated in Section 1.2.3, Implementation, can be used
quite readily by any operator whose plant's setpoints are based on sta-
tistical summation. The methodology is Dased on the use of the follow-

ing equation.

. 48850:10/013184 3-3

+a,<
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) ’ (Eq
where:

R = the "as measured rack value" ]+a.c

$ = the "as measured sensor value" }’5'C

and al) other parameters are as defined in Equation 4.1,

fquation 4.2 can be reduced further, for use in the STS to:

Z+R+S<TA (£q.
where;
( by

EQUat1od 4.1 would be used in two instances, 1) when the "as measyred"
rack setpoint value exceeds the rack *trigger value" as defined by the
STS Allowable Value, and, 2) when determining that the "as measured”
sensor value is within acceptabdle values as utilized in the various
Safety Analyses and verified every 18 months.

4.2.3 IMPLEMENTATION OF THE WESTINGHOUSE SETPOINT ME THOOOLOGY

tmplementation of this methodology is reasonably straight forward,
Appendix A provides a text and tables for use in the Technical
specifications. An example of how the specification would be used for
the Pressurizer Wate~ Level - High reactor trip i as Follows.

gvery 31 days, as required Dy Table 4.3-1 of NUREG-0452, Revisicn 4, 2

b 3 4 . - 3
functional test wou'd 3@ perfarmed on the channels of this trip func-

3]

14 =
- - e - .- ..

tion. Ouring this test the bistadle trip setgoint wou

L 2]

4.3)
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tar 230~ channel. [f the 'as measured" Distalie trin setooint error was
found t5 3@ less than or egual to that required By the Allowable Value, no
action ~ould be necessary by the plant staff The Allowable value is

determines oy tquation 4.1 as fallows:

*a,C

TA = 5 percent (an assumed value)

However, since only [
]."‘C that value will be used as the "trigger value®. The Towest

of two values is used for the “trigger value';
+3,¢c

1
)
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NOw assume that o7%e Sistable has “drifted" more than that allowed by the
$TS for 37 day surveillance. Accorging to ACTION statement ‘A", the
slant staff must verify that Equation 2.2-1 is met. Going to Table
3.2-1, the follewing values are noted: I = 2.18 and the Total Allowance
(TA) = 5.0. Assume that the "as measured" rack setpoint value is 2.25
percent-l1ow and the "as measured" sensdr value is 1.5 percent. Equation

‘

2.2-1 looks like:
IZ+R*+»5¢ TA y

2.18 + 2.25 + 1.5 < 5.0
5.9 ; 5.0

As can be seen, 5.9 percent is not less than 5.0 percent thus, the plant
ctaff must follow ACTION statement "8" (declare channel inoperable and
place in the “tripped" condition). It should be noted that if the plant
staff had not measured the sensor drift, but instead used the value of S
in Table 2.2-1 then the sum of Z # R + S would also be greater than 5.0
percent. In fact, almost anytime the "as measured" value for rack drift
is greater than T (the "trigger value®), use of S in Tadle 2.2-) will
result in the sum of Z + R + S being greater than TA and requiring the
reporting of the case to the NRC.

1f the sum of R + S was about one percent less, e.g., R = 2.0 percent,

$ = 0,75 percent thus, R + S = 2.75 percent, then the sum of Z +# R +# S
would be less than ¢ zercent. Under this condition, the plant staff
«ould recalibrate the instrumentaticn, as good engineering practice
suggests, but the incident is not reportable, even though the ‘trigger
value® 1s exceeded, because Equation 2.2-1 was satisfied.

In the determination of T for a function with myultiple channel inputs
there 15 a slignht disagreement Delween destinghouse proposed methodology
and NRC approved methodology. Westinghouse believes that T should De

either:

4§55Q:10/013184 4-6
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| | " (Eq. 4.4)

| -
™
e
-
w
S—r

|
|
L

<here the subscript 1 and 2 denote channels 1 and 2, and the value of T

used is whichever is smaller.

The NRC in turn has approved a method of determining T for a multiple

channel input function as follows, either:
+3,cC

F 7

(Eq. 4.6)

b o

Again the value of T used is whichever is smaller. This method is
described in appropriately circumspect terms in NUREG-0717 Supplement 4,

dated August 1982.

An example demonstrating all of the above noted equations for Qverpower

N-16 i3 provided below:

+a,¢

+3,C B

Cin
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*3,C

The value of T used is from Equation 4.5. In this document Equations
4.5 and 4.6, whichever results in the smaller value is used for multiple
channel input functions to remain consistent with current NRC approved
methodologies. Table 4-3 notes the values of TA, A, S, T, and Z for all
protection functions and is utilized in the determination of the
Allowable Values noted in Appendix A.

Table 4.1-1 also requires that a calibration De performed every refuel-
ing (approximately 18 months). To satisfy this reguirement, the plant
staff would determine the bistadle trip setpoint (thus, determining the
"as measured" rack value at that time) and the sensor "35 measured”
valye. Taking these two "as measured’ values and using fgquation 2.2-]
again the plant staff can determine that the tested channel is in fact
within the Safety Analysis allowance.

4.3 CONCLUSION

Using the above methodology, the plant qains addel cperaticnal flexibil-

"
<«
2
a

{ty ang set remains within the

4 0:10/051184 2
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[

nser

O

ccisent analysas. 1n addition, the methodelogy allows for a s
drift factor and an increasad rack drift factor. These two gains should
significantly recuce the prodlems assocfated with channel drift and

thus, decrease the numoer of LERs wnile allowing plant operation in 3

safe manner.

4855Q:10/013784 4-9
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TABLE 4-1

EXAMPLES OF CURRENT STS SETPOINT PHILOSQOPHY

Power Range Pressurizer
Neytron Flux - High Pressure - High
Safety Analysis Limit 118 percent 2410 psig
STS Allowable value 110 percent 2395 psig
STS Trip Setpoint 109 percent 2385 psig
TABLE 4-2

EXAMPLES OF WESTINGHOUSE STS RACK ALLOWANCE

Power Range Pressurizer
Neutron Flux - High Pressyre - High
Safety Analysis Limit 118 percent 2410 psig
$TS Allowable Value 111.2 percent 2396 psig
. (Trigger Value)
$TS Trip Setpoint 109 percent 2385 psig

4§55Q:10/013184 4-10
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Cad

Safety Analysis Limd
\Process Measurament Accuracy
Primary Element Accuracy

}Sensor Temperature Effects
}Sensor Pressure tffects

Sensor Calibration AcCcyracdy

Environmertal Allowance

# }Sensor Orift
Rack Temperature Effects

Rack Calibration Accuracy

STS Allowable Value =—

}Rack Comparator Setting Accuracy
}RaCK orift

STS Trip Setpoint —

Actual Calibration Setpoint -

Figure 4-] NUREG-0452 Rev. 4 Setpoint Error Sreakdown

4555Q0:10/013134 d=11
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Safety Analysis Limit e

}Process Mgasurement Accuracy

}Primary Element Accuracy

}Sensar Temperature Effects

ol %Sensor Pressure Effects
}Sensor Calibration Accuracy

yrd }Sensor Orift

}Environmenta1 Allowance

_}Rack Temperature Effects

STS Allowable Value ————
}Rack Comparator Setting Accuracy

}Rack Calibration Accuracy
}Rack Orift

$TS Trip Setpoint S—

-

Figure 4-2 Westinghouse STS Setpoint Error 8

raaxdown
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APPENDIX A

SAMPLE COMANCHE PEAK

SETPOINT TECHNICAL SPECIFICATIONS

-
H
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T

S AND LIMITING SAFETY SYSTEM SETTINGS

wh
3
"
ey
1
<
'

2,2 LIMITING SAFET7 SYSTEM SSTTINGS

-

REACTOR TRIP SYSTEM INSTRUMENTATION SETPQINTS

2.2.1 The reactor trip system instrumentation and interlocks shall be
consistent with the Trip Setpoint values shown in Table 2.2-1.

APPLICABILITY: As shown ¢or each channe!l in Table 3.3-1.

ACTION:

a. wWith a reactor trip system instrumentation or interlock setpoint
less conservative than the value shown in the Trip Setpoint column
of Table 2.2-1 adjust the setpoint consistent 4ith the Trip Setpoint
value.

b. With the reactor trip system instrumentation or interlock setpoint
less conservative than the value shown in the Allowable Values
column of Table 2.2-1, place the channel in the tripped condition
within 1 hour, and within the following 12 hours either:

1. Determine that Equation 2.2-1 was satisfied for the affected
channe! and adjust the setpoint consistent with the Trip
Setpoint value of Tadle 2.2-1, or

2. Declare the channel inoperable and apply the applicable ACTION
statement requirement of specification 3.3.1 until the channel
i restored to OPERABLE status with ite setpoint adjusted

consistent with the Trip Setpoint valye,

EQUATION 2.2-1 Z+R+S<TA

4§5$Q:10/012183 | A
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afl@re;

"3
"

The value for column Z of Table 2.2-1 for the affected channel,

R = the "3s measured” value (in percent span) of rack error for the
affected channel,

S s either the "as measured" value (in percent span) of the sensor
error, or the value in column S of Table 2.2-1 for the affectad

channel, and

TA = the value from column TA of Table 2.2-] for the affected channel.

4655Q:10/013184 A-3
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10.

12.

functional Unit
Manual Reactor Trip

Power Range, Neutron Flux,
High Setpoint
Low Setpoint

Power Range, Neutron Flux,
High Positive Rate

Power Range, Neutron Flux,
High Hegative Rate

Intermediate Range,
Neutron | lux

Source Range, Neutron Flux
Overtemperature N-16
Overpowcr N 1b

Pressure Low

Pressuerizer

Pressurizer Pressure - High
Pressurizer Water Level-High

tow Reactor Coolant Flow

*toop design tlow = 95,700 gpm

COMAN T

'EAK UNLY )

050184

TABLE 2.2-)

REACTOR TRIP SYSTEM INSTRUMENTATION TRIP SETPOINTS

Tota)

Allowance (TA)

NA

I

b P

V1.

9

1

NA

4.56

4.56

0.5

0.5

8.4

10.0
a.n
1.91
2.81

4.96

1.31

Sensor

Drift (S)

NA

0

(=]

.681.2

A-4

Irip Setpoint

NA
< 109% of R1P
< 25% of RIP

< 5% of RTP with a time
constant > 2 seconds

< 5% of RIP with a time
constant > 2 seconds

25X of RTP

IA

109 cps

IA

See note 1

112X RIP

A

1910 psig

v

2385 psig

A

92% of instrument span

1A

> 90% of loop design
f low*

Allowable Value
NA

< 111.2% of RIP

< 21.2% of RIP

< 6.3% of RIP with a
constant > 2 seconds

< 6.3% of RIP with o
constant > 2 secondy

31% of RIP

A

1.4 x 109 cps

P A

See note 2

114.5%  RIP

I A

1896 psiy

1V

2399 psiy

A

< 93.8% of instrument span

> #8.8% ot

> loop design
f low*

€ SSVD AYV13I¥dOMd 3ISNOHONILSIM



functional Unit
13. a Steam Generator MWater
level - Low-lLow Unit )

b Steam Generator Water
level low-Low Unit 2

14, uUndervoltage - Reactor
Coolant Pump

15, Underirequency - Reactor
Coolant Pumps

16, lurbine Irip
A low Irip System Pressure
B lurbine Stop Valve Closure

V1. Satety Injection Input
from E51

I8, Reactor Irip System
Inter locks

4. Intermediate Range
NMeutron Flux, P-6

h fov Power Reactor
feips Block, P}

1y P10 Input

COMANCHE  I'LAK UNIT ]

454550 1Hh/7050184

TABLE 2.2-1 (Continued)

REACTOR TRIP SYSTEM INSTRUMENTATION TRIP SETPOINIS

Total Sensor
Allowance (TA) 2 Drift (S) Trip Setpoint
8.8 . 1.08 1.5 > 43.4% of narrow range
instrument span
19.4 11.38 II.S > 19.4X of narrow range
‘ instrument span
1.1 0 0 > 4830 Volts
4.4 0 0 > 51.2 Hz
Not Westinghouse Scope
Not Westinghouse Scope
NA NA NA NA
NA NA NA nominal 1x10°'0 amps
NA NA NA nominal 10 percent of

Rated Thermal Power

A-5

Allowable Value

> 42 1% of narrow
instrument span

> 11.8% ol narrow
instrument span

4181 volts

51.1 Hz

NA

>6x10 1V amps

< 12.2 percent ol
Rated lhermal Power
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WESTINGHOUSE PROPRIETARY CLASS 3
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TABLE 2.2-1 (Continued)
REACTOR TRIP SYSTEM INSTRUMENTATION TRIP SETPOINTS NOTATION
(continued)

K| = 1.069

Kz = 0.00948

K] = 0.000494

Lead-lag compensator on measured ‘c

Time constants utilized in the lead lag controller for lc, " - 10 secs.,

1.,=3 SecCs.
2

taplace transform operator sec”!

€ SSYD X¥V13I4d0O8d FSNOHONILSIM

and fy(Aq) is a function of the indicated difference between the sum of the upper detector
pair and the sum of the lower detector pair of the power range nuc lear ion chambers; with gains to
be selected based on measured instrument response during plant startup tests such that:

(1) for qt qb between 35 percent and +10.0 percent fy(aq) = 0 (where qt equals
the sum of the upper detector pair and gb equals the sum of the lower deteclor
pair in percent RATED THERMAL POWER, and qt + gb equals the tota)l THERMAL POWER in
percent of RATED THERMAL POWER).

for each percent that the magnitude of (qt - gb) exceeds 35 percent, the N 16
trip setpoint shall be automatically reduced by 1.25 percent of its value at RAILD

ITHERMAL POWER.

COMANS 1t PLAK UNTT 1}
4544 1 n/050184




REACTOR TRIP SYS

NOIE ) (continued)

(111) for each percen

TABLE 2.2-)1 (Continued)

TEM INSTRUMENTATION TRIP SETPOINIS NOTAVION

-

i

t that the magnitude of (qt - gb) exceeds +10 percent, the N 16

trip setpoint shall be automatically reduced by 1.55 percent of its value at RAILD

THERMAL POMLR.

NOTE 2: Ihe channel's maximum trip setp
percent N 16 span (150 percent

COMANCHE P'EAK UNLT )
454550 1h/050184

sint shall not exceed its computed trip point by more than 1.4
RIP).

€ SSY'DD X¥V13I¥dO¥d 3ISNOHONILSIM



WESTINGHOUSE PROPRIETARY CLASS 3

2.2 LIMITING SAFETY SYSiem deiiiwed

BASES

2.2.1 REACTOR TRIP SYSTEM INSTRUMENTATION SETPOINTS

The Reactor Trip Setpoint Limits specified in Table 2.2-1 are the
nominal values at w~hich the Reactor Trips are set for each functional
gnit. The Trip Setpoints have Deen selected to ensure that the reactor

core and reactor coolant system are prevented from exceeding their
safety limits during normal operation and design basis anticipated

operational occurrences and to assist the Engineered Safety Features
Actuation System in mitigating the consequences of accidents. The
setpoint for a reactor trip system or interlock function is considered
to be adjusted consistent with the nominal value when the "as measured”
setpoint is within the band allowed for calibration accuracy.

To accommodate the instrument drift assumed to occur Detween operational
tests and the accuracy to which setpoints can be measured and
calibrated, Allowable values for the reactor trip setpoints have been
specified in Table 2.2-1. Operation with setpoints less conservative
than the Trip Setpoint but within the Allowable Valye is acceptadble
since an allowance has been made in the safety analysis to accommodate
this error. An’optionaW provision has been included for determining the
OPERABILITY of a channel when its trip setpoint is found to exceed the
Allowable value. The methodology of this option ytilizes the "as
measured® deviation from the specified calipration point for rack and
sensor components in conjunction with a statistical combination of the
other uncertainties in caliibrating the ingtrumentation., In Equation
2.2-1, 2+ R+ S <TA, the interactive effects of the errors in the rack
and the sensar, and the "as measured” values of the errors are
considered. I, as specified in Table 2.2-1, in percent span, is the
statistical summation of errors assumed in the analysis excluding those

assoctated with the sensor and rack drift and the accuracy of their

4555Q:10/013184




WESTINGHOUSE PROCPRIETARY CLASS 3

neasurement. TA ar Total Allowance s the difference, in percent span,
seteeen the trip satpaint and the value usad in the analysis for reactor
srip. R or Rack Ereor is the "as measured” deviation, in percent span,
for the affected channel from the specified trip setpoint. S or Sensor
trror is either tne 'as measured" deviation of the sensaor from its
calipration point ar the value specified in Table 2.2-1, in percent
span, from the analysis assumptions. Use of fquation 2.2-1 allows for a
sensar drift factor, an increased rack drift factor, and provides a
threshold value for REPORTABLE QCCURRENCES.

The methodology to derive the trip setpoints is based upon combining all
of the uncertainties in the channels. [nherent to the determination of
the trip setpoints are the magnitudes of these ¢channel uncertainties.
sensors and other instrumentation utilized in these channels are
expected to be capable of operating within the allowances of these
uncertainty magnitudes. Rack drift in excess of the Allowable Value
exhibits the behavior that the rack has not met 1ts allowance. Being
that there is a sma)l statistical) chance that this will happen, an
infrequent excessive drift is expected. Rack or sensor qrift. in excess
of the allowance that is more than occasional, may be indicative of more
serious problems and should warrant further investigation,

4§55Q:10/013184 A-10
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9/4.3.2 SNGINESRED SAFETY FEATURE ACTUATION SYSTEM INSTRUMENTATION

AR}
e

Lo Pmes LA ARURTTEYA ~ g e~
\-AML' ,“'J v iV g LJN -OR QD:QA‘ ‘-jﬂ

3.3.2 The Engineered Safety Feature Actuation System (ESFAS)
instrumentation channels and interlocks shown in Tadle 3.3-3 shall be
OPERABLE with the'r trip setpoints set consistent Jith the values shown
fn the Trip Setpoint column of Table 3.3-4 and with RESPONSE TIMES as
shown in Table 3.3-5.

APP A TY: As shown in Tadble 3.3-3.

ACTION:

a. wWith an ESFAS instrumentation or interlock setpoint trip less
conservative than the value shown in the Trip Setpoint column of
Table 3.3-4 adjust the setpoint consistent with the Trip Setpoint

value.

b. With an £5FAS instrumentation or interlock setpoint less
conservative than the value shown in the Allowable Values column of
Table 3.3-4, 'place the channel in the tripped condition within 1
hour, and within the following 12 hours either:

1. Determine that fgquation 2.2-1 was satisfied for the affected
channel and adjust the setpoint consistent with the Trip
Setpoint value of Table 3.3-4, or

2. ODeclare the channel inoperabdble and apply the applicadble ACTION
statement requirements of Table 3.3.3 until the channel is
restored to OPERABLE status with its setpoint adjusted

consistent with the Trip Setpoint value.

EQUATION 2.2-) e ReSSTA

4558Q:10/013184 A-11
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Z =
R -
S =

TA =

WESTINGHOUSE PROPRIETARY CLASS 3

tha value for column Z of Table 3.3-4 for the affected channel,

the "as measured” value (ia percent span) of rack error for the

affected channel,

-

either the "as measured” value (in percent span) of the sensor
error, or the value in ¢column S of Table 3.3-4 for the affected -

channel, and

the value from column TA of Table 3.3-4 for the affected channel.




ENGINEERED SAFETY

COMANCHE PLAK UNLT )
454550 1D/0501 i

FEATURE ACTUATION SYSTEM TRIP SETPOINIS

TABLE 3.3-4

Total Sensor
functional Unit Allovance (TA) 2 prift (S)
1. SAFE1Y INJECUION, TURBINE TRIP
AND THTOWALER TSOLATION
A Manual Initiation NA NA NA
. Automal ic Actuation Logic NA NA NA
¢ Containment Pressure - High 2.5 .7 15
0. Pressurizer Pressure - Low 16.1 14.41 1.5
i . Steamline Pressure - Low 2.3 34.8) 1.5
2. CONITAINMENI SPRAY
A Manual Initiation NA NA NA
B Autumatic Actuation Logic NA NA NA
C. Containment Pressure - 2.5 0.1n V.5
Hagh High High
3 OCONTATHIENT TSOLATION
A Phase “A* lsolation
I Manual laitiation NA NA NA
2 Automat i Actuat ion NA NA NA
Lo e
§ Safety Injection See Item | above for a

Irip Setpoint

< 3.35 psia
1829 psig
605 psig

NA
NA
< 18.35 psig

NA
NA

NA

< 3.9 psiy

> 1823 psiy

> 586 psig (Note a)

NA
NA
< 18.9 psiy

NA
NA

11 Safety Injeciion Trip Setpoints/Allowable Values

£ SSVID X¥VL3I¥dOdd 3SNOHONILSIM



TABLE 3.3-4 (Continued)

ENGINEERED SAFETY FEATURE ACTUATION SYSTEM TRIP SETPOINIS

Total Sensor
Functional Unit Allowance (TA) 2 Drift (S) Trip Setpoint Allowable Value
. Phase “B" lsolation
1. Manual Initiation NA NA NA NA NA
2. Automatic Actuation NA NA NA NA WA
3. Contairment Pressure - 2.9 0.7 1.9 < 18.35 psig < 18.9 psiy
High High-Kigh
C. Ventilation Isolation
1. Manual Initiation NA _ NA NA NA NA
2 Autometic Acluation NA NA NA NA NA
Log i
3. Sately Injection See Item ) above for all Safety Injection Trip Setpoints/Allewable Values
4. SYMAH LINE ISOLATION
A. Manual Initiation NA NA NA NA NA
B. Automalic Actuation Logic NA NA NA NA NA
C. Containment Pressure - - s, 9083 < 6.35 psig < 6.9 psiy
High High .
D. Steamlbine Pressure - Low - ¥i.3 14.81 1.5 > 605 psig > 586 psig (Note a)
. Negalive Steam Pressure
Rate High 8.0 0. 0.0 < 100 psi < 111.6 psi (Note b)

COMANCHE PLAK UNLT ) g
45550 107050184 A-14
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TABLE 3.3-4 (Continued)

ENGINEERED SAFETY FEATURE ACTUATION SYSTEM IRIP SEIPOINIS

Totel Sensor
functional Unit AViowance (TA) 2 Drift (S) Irip Setpoint Allowable Value
S TURBINE IRIP AND FEEDWATER
ISOLATTON
a. Automatic Actuation Loalc NA NA NA NA NA
b. a. Steam Generator Water 1.6 4.3 1.5 < 82.4% of narrow range < BA.2X of narrow r.
tevel — High-High Unit ) instrument span . instrument span
L b, Steam Generator Water 4.2 2.18 1.5 < 16.8% of narrow range < 18.4X of narrow r
level High-High Unit 2 instrument span instrument span
6. AUXIITARY FEEDWATER
A. Manual Initiation NA NA NA NA NA
B, Automatic Actuation logic NA NA NA NA NA
€ a.  Steam Generator Water 8.8 1.08 1.5 > 43.4% of narrow range > 42.1% ol narvow «
Level Ltow-low Unit ) instrument span instrument span
C b, Steam Generator Water 19.4 17.38 1.5 > 19.4% of narrow range > 11 8% ol narrow ¢
teve l low Lew Unit 2 instrument span instrument span
D. Satety Injection See Item | above for all Safety Injection Trip Setpoints/Allowble Values
t . Station Blacd' out NA NA NA > 4830 kv > 47181 kV
I drap of Maiv feedwaler MNA NA NA NA NA
Pumps
1. Automatic Swiitchover Lo
Containment Sump
A Automatic Actuation Logic NA NA NA NA NA
And Actuatton Relays
B kusl level low Coincident 2.6 0.1 1S > 18'-10" from tank base > 18" -5.5" ftrom tank base

with Safety Injection

(a)  1ime constants utilized in the lead-lad controller for steam pressure low are vy > 50 seconds and 1, < 5

seconds
(b)  Ihe time constant utilized in the rate-lag controller for steam pressure rate high = 50 seconds.

COMANLIY PEAK UNLT ) _ .
4545451 IRRIL | A-15
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TABLE 3.3-4 (Continued)

ENGINEERED SAFETY FEATURE ACTUATION SYSTEM TRIP SETPOINTS

Total Sensor
functionai Unit Allowance (TA) 2 Drift (S) Irip Setpoint Allowable Value
8. 10ss of Power {6.9 kV Safe-
guards) System Underveltage
a. Preferred Offsite
Source Undervoltlage:
Undervoltage Relays NA NA NA 4830 vV > 4181 vV
Diesel Start Timer NA NA NA 0.15 sec. < 0.825 sec.
Source Bkr. Irip Timer  NA NA NA 0.5 sec. < 0.55 sec.
b. Bus Undervoltage
1) Diesel Start
Undervoltage Relays NA ) NA NA 4830 Vv > 4181 V
I vmer NA NA NA 0.15 sec. < 0.825 sec.
- 2) Initiation of Solid
State Safequards System
LSequences
Dudervoltage Relays NA NA NA 4830 v < 418) vV
Limers NA NA NA sec. < 0.55 sec.
9. Safety Chilled Water
System Actuation
4. Automation Actuation NA NA NA NA NA
fogic and Actuation
Relays
b. Saftely Injection See Item ) above for al) Safely Injection Trip Setpoints/Allowble Values
¢. Blackoul Sequence NA NA NA NA NA

COMANCH.  © AK UNIT ]
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ENGINEERED SAFETY FEATURE ACTUATION SYSTEM TRIP SETPOINTS

functional Unit

C Control Room lsolation
A. Manual Initiation

b. Automatic Actuation
Logic and Actuation
Rl“(lV‘.

¢. HBlackout Sequence

d. Swoke Density

). Engincered Sately Features
Actuation System Interlocks

a. Pressurizer Pressure,
NOL P 1)

b. Pressuriser Pressure,
Pl

C. lyyy tow tow, P-12

d. Reactor lrip, P4

tnm\m'.m PLAK  UNIT D
1545501 /050184

Total

NA

NA

NA

NA

NA

NA

NA

NA

TABLE 3.3-4 (Zontinued)

NA

NA

NA

NA

NA

NA

NA

NA

Sensor
prift (S) Irip Setpoint

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

nominal 1960 psig
nominal 1960 psig

nominal 553°F

NA

A-11]

Allowabl

e
-
-

NA

NA

NA

NA

1974 psig

A

1946 psiy

IV

> $50.1°¢

NA

lue

€ SSVID X¥V13I¥dOdd 3FSNOHONILSIM



WESTINGHOUSE PROPRIETARY CLASS 3.

3/3.3 INSTRUMENTATION

ASES

/4,31 ang 3/4.3.2 REACTOR TRIP AND ENGINEEZRED SAFETY FEATURE
ACTUATION SYSTEM [NSTRUMENTATION

5

The OPERABILITY of the Reactor Protection System and Engineered Safety
that 1)

Feature Actuation System Instrumentation and interlocks ensure

T

the associated action and/or reactor trip will De initicted when the
parameter monitored by each channel or combination thereof reaches its
setpoint, 2) the specified coincidence logic is maintained, 3)
cufficient redundancy is maintained to sermit a channel to be out of
service for testing or maintenance, and 4) sufficient system functional

capability is available from diverse parameters.

The OPERABILITY of these systems is required to provide the overal)
reli1ability, redundancy, and diversity assumed available in the facility
design for the protection and mitigation of accident and transient
conditions The integrated operation of each of these systems is
consistent with the assumptions used in the accident analyses. The
syrveillance requirements'specified for these systems ensure that the
overall system functional capab%1ity is maintained comparzble to the
original design standards. The periodic surveillance tests performed at
the minimum frequencies are sufficient 1O demonstrate this capability.

The Engineered Safety Feature Actuation System Instrumentation Trip
Setpoints specified in Taple 3.3-4 are the nominal values at which the
bistables are set for each functional unit, A setpoint is considered to
be adjusted consistent with the nominal aiue when the "as measured”
setpoint is within the dand allowed for calidration accuracy.

To accommodate the instrument drift assumed to ocCcur between operational

e

na
-

sests and the accuracy to which setpoints can 2@ messured

4558Q0:10/013184 A=18
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calinrazes, i7'swable Values for the setpoints have been specified in

Table 3.3-4. Operation with setpoints less conservative than the Trip

ceptadble since an allowance

.

Setpoint Syt within the Allowable value is 2

“m

nas heen made ‘n the safety analysis to accommodate this error. An
optional pravision has been included for determining the OPERABILITY of
a channe! when its trip setpo'nt is found %o exceed the Allowable

value. The methodology of this option utilizes the "as measured®
deviation from the sppcified calibration point for rack and sensor
components in :onjuncf%on with a statistical) combinaticn of the sthar
uncertainties of the instrumentation to measure the process variabie and
the uncertainties in calibrating the instrumer.ation. In Equaticn
2.2-1, 7 + R + S < TA, the interactive effects of the errors in the rack
and th» sensor, and the "as measured” val.es of the errors are
considered. I, as specified in Tadle 5.3-4, in percent span, is the
statistical summation of errors assumed in the analysis excluding those
associated with the sensor and rack drift and the accuracy of their
measurement. TA or Total Allowance is the difference, in percen® span,
between the trip setpoint and the value used in the analysis for the
actuation. R or Rack Error is the "as measured" deviation, in percent
span, for the affected channel from the specified trip setpoint. S or
Sensor Errur is either the "as measured" deviation of the sensor from
\ts calinoration point or the value specified in Table 3.3-4, in percent
span, from trhe analysis assumptions. Use of Equation 2.2-1 allows for a
sensor drift factor, an increased rack drift factor, and provides a
threshold value for REPORTABLE OCCURPENCES.

The methodology to derive the trip setpoints {s based upen combining al)
of the uncertainties in the channels., Inherent to the determination of
the trip setpoints are the magnitudes of these channe!l uncertainties,
Sensor and rack instrumentation utilized in tnese channels are expected
to be capable of operating within the allowances of these uncertainty
magnitudes. Rack drift in excess of the Allowable value exhibits the
pehavior that the rack nas not met its allowance. 8eing that there is 3

DY s

LR | S 3 i < - - 4 . - -~ P’
small statistical chance that this «~1i1 happen, a4 fnrrequent 2xcassive

4§55Q:10/013188 A-19
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