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LO__INTRODUCTION

In March of 1977, the NRC requested several utilities with
westinghouse Nuclear Steam Supply Systems to reply to a series of
questions concerning the methodology for determining instrument
setpoints. A revised methodology was developed in response to those
questions with a corresponding defense of the technique used is
determining the overall allowance for each setpoint.

The basic underlying assumption used is that severa) of the error
components and their parameter assumptions act independently, e.q.,
rack versus sensors and pressure/temperature assumptions. This
allows the use of a statistica) summation of the various breakdown
components instead of a strictly arithmetic summation. A direct
benefit of the use of this technique 1s increased margin in the total
allowance, For those pacameter assumptions known to be interactive,
the technique uses the standard, conservative approach, arithmetic
summation, tu form independent quantities, e.g., drift and
calibration errcr. An explanation of the overal) approach is
provided in Section 2.0,

Section 3.0 provides a description, or definition, of each of the
varfous components in the setpoint parameter breakdown, to allow a
clear understanding of the breakdown. Als» provided is a detailed
example of each setpoint margin calculation demonstrating the
technique and noting how each parameter value 1s derived. In al)
cases, margin exists between the summation and the total allowance.

Section 4.0 notes what the current Standard Technica) Specifications
use for setpoints and an explanation of the impact of the
westinghouse approach on them. Detailed examples of how to determine
the Technical Specification setpoint values are also provided. An
Appendix 1s provided noting a recommended set of Technical
Specifications using the plant specific data in the Westinghouse
approach.



2.0 COMBINATION OF ERROR COMPONENTS
¢.1 METHODOLOGY

The methodology used to combine the error components for a channel is
an appropriate combination of those groups which are statistically
independent, 1.e., not interactive. Those errors which are not
independent are placed arithmetically into groups that are and can
then be tystematically combined.

The methodology used is the "square root of the sum of the squares”
which has been utilized in other Westinghouse reports. This
technique, or others of a similar nature, has been used in
WCAP-10395(1) und wcap-8567(2). wcAP-8567 15 approved by the NAC
noting acceptability of statistical techniques for the application
requested. Also, various ANSI, American Nuclear Society, and
Instrument Society of America standards approve the use of
probabilistic and statistical techniques in determining
safety-related satpoints"’(‘). The methodology used in this
report 1s essentially the same as that used for V. C. Summer in
August, 1982; approved in NUREG-0717, Supplement No, a(8)

(1) Grigsby, J. M., Spier, E. M., Tuley, C. R., "Statistica)
Evaluation of LOCA Heat Source Uncertainty®, WCAP-1039%
(Proprietary), WCAP-10396 (Non-Proprietary), November, 1983.

(2) Chelemer, K., Bomar, L. M., and Sharp, 0. R., “Improved Thermal
Design Procedure,” WLAM-8567 (Proprietary), WCAP-8568
(Non-Proprietary), July, 197§,

(3) ANSI/ANS Standard 58.4-1979, "Criteria for Technica)
Specifications for Nuclear Power Stations."

(4) ISA Standard $67.04, 1987, "Setpoints for Nuclear Safety-Related
Instrumentation Used in Nuclear Power Plants."

‘%) NUREG-0717, Supplement No. 4, "Safety Evaluation Report related
to the Operation of Virgil C. Summer Nuclear Station, Unit
No. 1", Docket No, 50-395, August, 1982,



The relationship between the error components and the totsl error for
& channel 1s noted in fq. 2.1,

CSA « ((PMA)Z & (PEA)Z & (SCA + SMTE + $0)2 « (SPE)2 + (STE)2

(RCA + RMTE + RCSA + RD)? + (RTEYE)1/2 4 €A + BIAS (Eq. 2.1)
where:
CSA * Channel Statistical Allowance
PMA * Process Measurement Accuracy
PEA * Primary £lement Accuracy

SCA * Sensor Calibration Accuracy

SMTE * Sensor Measurement and Test Equipment Accuracy
SD « Sensor Drift

SPE * Sensor Pressure [ffects

STE « Sensor Temperature Effects

RCA * Rack Calibration Accuracy

RMTE *  Rack Measurement and Test Equipment Accuracy
RCSA * Rack Comparator Setting Accuracy

RD « Rack Drift

RTE = Rack Temperature Effects

EA = Environmental Allowance

BIAS = Bias

As can be seen in the equation, drift and calibration accuracy
allowances are interactive and thus not independent. The
environmental allowance is not necessarily considered interactive
with all other parameters, but as an additiona) degree of
conservatism fs added to the statistical sum. It should be noted
that for this document, 1t {s assumed that the accuracy effect on a
channel due to cable degradation in an accident environment is less
than 0.1 percent of span. This magnitude of impact 1s considered
negligible and 1s not factored into the calculations. An error due
to this cause, in excess of 0.1 percent of span is directly added as
an environmental error,
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sensor, the technician determines 1f the sensor has drifted. The
conditions under which this determination is made are again at
ambient pressure and temperature conditfons. Thus the temperature
and pressure have no impact on the drift determination and are,
therefore, independent of the drift allowance.

SCA, SMTE and SD are considered to be interactive for the same reason
that STE and SPE are considered independent, 1.e.. due to the manner
in which the instrumentation 1s checked. Instrumen®stion calibration
techniques use the same process as determining instrument drift, that
16, the end result of the two 15 the same. When calibrating a
sensor, the sensor output 1s checked to determine if it 1s
representing accurately the input. The same is performed for a
determination of the sensor drift. Thus unless "as left/as found®
data is recorded and used, it is impossible to determine the
differences between calibration errors and drift when a sensor is
checked the second or any subsequent time. Based on this reasoning,
SCA, SMTE and SD have been added to form an independent group which
is then factored into Equation 2.1. An example of the impact of this
treatment for a level transmitter is (sensor parameters only):

=+,
scA o [
SMTE =
SPE -
STE =
S0 -

excerpting the sensor portion of Equation 2.1 results in;
((SCA + SMTE + D)% + (SPE)2 + (5TE)2)1/2
[ POC .20

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



((SCA)E + (SMHTE)? & (5D)% + (SPE)2 « (5TE)2))/2 (Eq. 2.2)
[ J*C e 10y

Thus it can be seen that the approach represented by Equation 2.1,
which accounts for interactive parameters, results in @ more
conservative summation of the a))lowances.

2.3 RACK ALLOWANCLS

Five parameters, as noted by Table 3-23, are considered to be rack
allowances, RCA, RMTE, RCSA, RTE, and RD. Four of these parameters
are considered to be interactive (for much the same reason outlined
for sensors in 2.2), RCA, RMTE. RCSA, and RD. When calibrating or
determining drift in the racks for a specific channel, the processes
are performed at essentially constant temperature, f.e., ambient
temperature. Because of this, the RTE parameter is considered to be
independent of any factors for calibration or drift. However, the
same cannot be sald for the other rack parameters. As noted {n 2.8,
when calibrating or determining drift for a channel, the same end
result 1s desired, that is, at what point does the bistable change
state. After inftial calibration, without recording and using "as
left/as found" data, 1t 1s not possible to distinguish the difference
between a calibration error, rack drift or a comparator setting
error. Based on this logic, these factors have been 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 hased
on interactive components) is significant. For a level transmitter
channe!, using the same approach outlined in Equations 2.1 and 2.2
resuits in the following:
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the impact of the use of Equation 2.1 is even greater in the

area of rack effects than for the sensor Therefore, accounting for
Interactive effe:ts in the treatment of these allowances insures a

onservative result.

& PROCESS ALLOWANCES
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ally, the PMA and PEA parameters are considered to be independent

r

of both sensor and rack parameters PMA provides allowances for the

non-instrument related effects, e.g., neutron flux, calorimetric

rower error assumptions, fluid density changes, and temperature

tratification assumptions. PMA may consist of more than one
epengent error allowance. PEA accounts for errors due te metering

Jévices, such as elbows and venturis, Thus, these parameters have

been factored into Equation 2.1 as independent quantities




2.5 MEASUREMENT AND TEST EQUIPMENT ACCURACY

westinghouse believes that some of the equipment used for calibration
and functional testing of the transmitters and racks may not meet
SAMA standard PMC 20.1-1973(1) with regards to test equipment
accuracy of 10 percent or less of the calibration accuracy
(referenced n 3.2.6.a and 3.2.7.a. of this report). This requires
the incluston of the accuracy of this equipment in the basic
equations 2.1 and 3.1. Based on information provided by the plant,
these additional uncertainties are included in the calculations (as
noted on the tables included in this report) with some impact on the
final results. On Table 3-23, the values of SMTE and RMT: are
identified explicitly,

(1) Scientific Apparatus Manufacturers Association, Standard PMC
20.1-1973, "Process Measurement and Control Terminology."



4.0 PROTECTION SYSTEM SETPOINT MODOLOGY
3.1 MARGIN CALCULATION

ks noted in Section 2, Westinghouse utilizes the square root of the
sum of the squares for summation of the various components of the
channel breakdown., This approach is valid where no dependency 1s
present. An arithmetic summation is required where an interaciion
between two parameters exists. The equation used to determine the
margin, and thus the acceptability of the parameter values used, 1s:

Margin = TA - ((PMA)Z & (PEA)Z & (SCA + SMTE « $0)2 + (SPE)2 & (STE)? +
(RCA + RMTE + RCSA + RD)? + (RTE)E)1/2 . gA . Bias (Eq. 3.1)

where;
TA = Total Allowance (Safety Analysis Limit - Nominal Trip
Setpoint), and
a1l other parameters are as defined for Equation 2.1,

Using Equation 2.1, Equation 3.1 may be simplified to:
Margin = TA - (SA (Eq. 3.2)

Tables 3-1 through 3-22 provide individual channel breakdown and CSA
calculations for all protection functions utilizing Westinghouse -
Hagan 7100 analog process rack equipment, or westinghouse Eagle
digital equipment. Table 3-23 provides a summary of the previous 22
tables and includes Safety Analysis and Technica) Specification
values, Total Allowance and Margin,

3.2 DEFINITIONS FOR PROTECTION SYSTEM SETPOINT TOLERANCES

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



Lo Trip Accuracy

The tolerance band is the region that contains the highest expected
vilue of the difference between (a) the desired trip point value of a
process variable and (b) the actual value at which a comparator trips
(and thus actuates some desired result). This is the tolerance band,
in percent of span, within which the complete channe) must perform
its intended trip function. It includes comparator setting accuracy,
channel accuracy (including the sensor) for each input, and
environmental eflects on the rack-mounted electronics. It comprises
all instrumentation errors; however, {t does not inc)ude process
measurement accuracy.

2. Process Measurement Accuracy

Includes piant 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,

3. Actuation Agcuracy

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

4. Indication Accyracy

The tolerance band is the region that contains the highest expected
value of the difference between (a) the value of a process variable
read on an indicator or recorder and (b) the actua) value of that
process variable. An indication must fall within this tolerance
band. It includes channel accuracy, accuracy of readout devices, and
rack environmental effects, but not process measurement accuracy. It
does include a controlled environment for the readout device.

10



The accuracy of an analog or digital channel which includes the
accuracy of the primary element and/or transmitter and modules in the
chain where calibration of modules intermediate in a chain is a)lowed
to compensate for errors in other modules of the chain., Rack
environmental effects are not included here to avoid duplication due
to dual inputs, however, normal environmenta) effects on field
mounted hardware i1s included.

6. Sensor Allowable Deviation

The accuracy that can be expected in the field. It includes drift,
temperature effects, field calibration and for the case of ap
transmitters, an allowance for the effect of static pressure
variations,

The tolerances are as follows:

a. Reference (calibration) accuracy - [ 1*&€ unless
other data indicates more inaccurary., This accuracy 1s the
SAMA reference accuracy as definzd in SAMA standard
PMC 20.1-1973(1),

b.  Measurement and Test Equipment accuracy - usually included
as an integral part of (a), Reference (calibration)
accuracy, when less than 10 percent of the value of (a).
For equipment (DVM, pressure gauge, etc.) used to calibrate
the sensor with larger uncertainty values, a specific
allowance is made.

R e

(1) Scientific Apparatus Manufacturers Association, Standard PMC
20.1-1973, "Process Measurement and Contro) Terminology."

11



¢.  Temperature effect - [ 1**:€ based on a nomina)
temperature coefficient of | 1*$€/100°F and a
maximum assumed change of 50°F (typical for Westinghouse
supplied equipment). Specific calculations for Rosemount
transmitters retlect model and range code requirements. For
those devices located in containment, a maximum assumed
change of 60°F per SECL-88-434 for containment temperature
increase to 1309 {5 utilized for protection system
setpoints,

d.  Pressure effect - usually calibrated out because pressure s
constant. If not constant, & nominal [ 140 4
used. Present data indicates a static pressure effect of
approximately | 1*#:€/1000 pst for Westinghouse
supplied equipment. Specific calculations for Rosemount
transmitters reflect mode) and range code requirements.

e Drift - change in input-output relationship over a period of
time (12 - 18 months)" at reference conditions (e.o.,
constant temperature - [ 1*8€ of span). Specific
calculations for Rosemount transmitters reflect model and
range code requirements for an 18 month period of time.

7. Back Allowable Deviation

The tolerances are as follows:
@. Rack Calibration Accuracy

The accuracy that can be expected during a calibration at
reference conditions. This accuracy is the SAMA reference

S ——————— et

* NRC Generic Letter 89-14, 8/21/89, allows & surveillance internal
extension of up to 25%.

12



dccuracy as defined in SAMA standard PMC 20.1-1973(1),

For an analog channel, this includes al) modules in a rack
and 1s & tota) of | 1*8:€ of span, assuming the chain
of modules 1s tuned to this accuracy. For simple loops
where a power supply (not used as a converter) 1s the only
rack module, this accuracy may be ignored. A1) analog
process modules fndividually must have a reference accuracy
within | 1*8€ of span

For a digital channe), this accuracy represents calibration

of the signal conditioning - A/D converter providing input

to the central processing unit. Each signal conditioning -

A/D converter module is calibrated to within an accuracy of

[ J*8:0:€ of span (for functions with rack inputs of
<420 mA), or [ J*8:0:C of span (for functions with

RTD rack inputs).

b. Measurement and Test Equipment Accuracy

Is usually included as an integral part of (a), Reference
(calibration) accuracy, when less than 10 percent of the
value of (a). For equipment (DVM, current source, voltage
source, etc.) used to calibrate the racks with larger
uncertainty values, a specific a)lowance is made.

€. Rack Environmental Effects

Includes effects of temperature, humidity, voltage and
frequency changes of which temperature 1s the most

R ——

(1) Scientific Apparatus Manufacturers Association, Standard PMC
20.1-1973, "Process Measurement and Control Terminology" .

13



significant. An accuracy of | 1*8C of span 1s used
for analog racks, and | ACELEE
s used for digital racks, which considers a nominal ambient
temperature of 70°F with extremes to 40°F and 120°F

for short periods of time.

d. Rack Drift

Instrument channel drift - change in input-output
relationship over a period of time at reference conditions
(€.9., constant temperature) - & 1.0 percent of span for
analog racks aid | J*%:€ span ror digita) racks.

The time period applicable for 20alog racks 15 30 days. The
time period app)icable for #igital racks 1s $2 days.

€. Rack Comparator Setting Accuracy

For an analog channel, assuming an exact electronic input,
(note that the "channe! accuracy" takes care of deviations
from this ideal), the tolerance on the precision with which
& comparator trip value can be set, within such practical
constraints as time and effort expended in making the
setting,

The tolerances assumed for Turkey Point Units 3 & 4 are as
follows for the Westinghouse - Hagan 7100 analog process
racks:

(a) Fixed setpoint with a single input - [ J*er~ of
span accuracy. This assumes that comparator non)inearities
are compensated by the setpoint,

(b) Dual input - an additional [ 1*8€ of span must
be added for comparator nonlinesrities between two inputs.
Total accuracy is [ )*8:C of span.

14



Digita] channels do not have an electronic comparator, therefore no
uncertainty 1s included for this term for these channels,

Note: The following four definitions are currently used in the
Standardized Technical Specifications (ST15).

8. Nominal Safety Svstem Setting

The desired setpoint for the variable. Initial calibration and
subsequent recalibration should be made at the nominal safety system
setting ("Trip Setpoint® in Turkey Point Units 3 & 4 Technica)
Specifications).

9. Liniting Safety System Setting

A setting chusen to prevent exceeding a Safety Analysis Limit
("Allowable Values" in Turkey Point Units 3 & 4 Technica)
Specifications). Violation of this setting may represent a Technica)
Specification violation (depending on the condition of all ispects of
the instrumentation and analytical margin),

10. Allowance for Instrument Channel Drift

The difference between (8) and (9) taken in the conservative
direction,

I1. Safety Analysis Limit

The setpoint value assumed in safety analyses.

12, Total Allowable Setpoint Deviation

Maximum setpoint deviation from a nominal due to instrument hardware
effects.

15
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TABLE 3-2
INTERMEDIATE RANGE, NEUTRON FLUX

Parameter

Process Measurement Accuracy

[

Primary Element Accuracy

Sensor Calibration

]‘..c
Sensor Pressure Effects
Sonfor Temperature Effects e
Sonfor Drift 14,

Environmental Allowance
Rack Calibration
Rack ACCUPCC{
Measurement & Test Equipme-’ Accuracy

Comparator
One input

Rack Temperature Effects

Rack Drift
5% RTP

o —— bt

* In percent span (conservatively assumed to be 120% Rated Therma) Power)

Channel Statistical Allowance =

18

o

+4,C

-




TABLE 3-3
SOURCE RANGE, NEUTRON FLUX

Parameter

Process Measurement Accuracy

i

Primary Element Accurac)

SQn?or Calibration o

Sensor Pressure Fffects

Sensor Temperature Effects
[ ]")8

Sensor Drift ]vn,c

Environmental A)lowance
Rack Calibration
Rack Accuracx
Measurement & Test Equipment Accuracy

Comparator
One input

Rack Temperature Effects

Rack Orif‘
3 x 107 Cp§

o et s

* In percent span (1 x 108 cpPs)
Channel Statistical Allowance

19

]‘.0(

+4,¢C
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Parameter

Process Measurement Accuracy
AT - i

al -
Al -
Tavg -

Primary Element Accuracy

Sensor Calibration

AT -
Pressure -

TABLE 3-4

OVERTEMPERATURE 4T

Measurement & Test Equipment Accuracy

Pressure - |
Sensor Pressure Effects

Sensor Temperature Effects
Pressure - [

Sensor Drift
AT -
Pressure -

Blas
Environmental A)lowance

Rack Calibration (Digital Process Racks)

AT - |
Pressure
Al

]".vc

Measurement & Test Equipment Accuracy

AT
Pressure
Al

20

+3,C

-]Ol,c

]tc*l.c

]tt*l.c

]‘.Qc

Allowance*
r‘ '700.c
b -




AT - |

Pressure

1000 psi, power

percent span (T ", pressure - 1000
+

759F, Al
able 3-24 for gain and conversion calculations
Number >f Hot Leg RTDs used

Number of Cold Leg RTDs used

Channel Statistical Allowance =

1 97"
léO‘u

RTP




rarameter

Process Measurement Accuracy \
A
'GVw
y Element Accuracy
sensor Calibration
AT ( 1+48,(
Sensor Pressure Effects
sensor Temperature Effects
ensor Drift
AT ( | Rl
Environmental Allowance
Rack Calibration (Digital Process Races)
AT - [ 1*8, ¢
Measurement & Test Equipment Accuracy
AT
Total Rack Calibration Accur. -y
I8 -1 +a,C
Rack Tempcrature Effects
*.T N 1+8.C
Rack Drift
AT [ 1+4,C
-~ 8 ' |







PRESSURIZER PRESSURE LOW AND HIGH, REACTOR

Process Measurement Accuracy

LOW
»-l:.;h

Primary Element Accuracy

{

Calibration
Measurement & Test Squipment Accuracy

ensor

Sensor Pressure Fffects
sensor Temperature Effects
Sensor Drift
environmental Allowance
Rack Calibration
Rack Accuracy
Measurement & Test Equipment Accuracy

Comparator
One inpyt

Rack Temperature Effects
»

*

In percent span (1000 psi)

Lhannel Statistical A)lowance =

-+, ¢




TABLE 3-7
PRESSURIZER WATER LEVEL - HIGH

Parameter

Process Measurement Accuracy
Primary Element Accuracy

Sensor Calibration
Measurement & Test Equipment Accuracy

Sensor Pressure Effects

Sensor Temperature Effects

Sensor Drift

Environmental Allowance

Rack Calibration (Digital Process Racks)
Rack Accuracy
Measurement & Test Equipment Accuracy

Rack Temperature Effects

Rack Orift

e — e

* In percent span (100% span)

Channel Statistical Allowance =

25

+a,C

Allowance*
~ =+3,¢
— —




TABLE
(. \.‘J NF
rarameter
Procrss Measurement Accuracy
Primary Element Accuracy
sensor Calibration
Sensor Pressure Effects
sensor Temperature Effects
r 144, C
L ;)
Sensor Drift
r l*i.(
L
Environmental Allowance
Rack Calibration A
Rack Accuracy [ ]t ¢

Measurement & Test Equipment ACCu;aCy (

Comparator
One input [ ] 8 £

Rack Temperature Effects
{ s

Rack Drift
1.0% AP span

to flow span via Equation 3-28.8. with

Channel Statistical Allowance =

n percent flow span (120% Thermal Design

a0
o

FLOW

‘r
‘max

~od‘
1+8,C
+d,(

]oa.c

-y
1 W
A‘ - ANV

Flow) % AP span converted

" +a,C




Ca)

Level

pes el " a
easurement & Test Equipment Accurac

. '
Leve|

or Pressure Effects
Leve)

ensor Temperature Effects
Level

sor Drift
Level

ironmental Allowance

ck Calibration
Rack Accuracy

Measurement & Test Equipment Accuracy
Rack Comparator Setting Accuracy
Rack Temperature Effects

Rack Drift

* In percent span (100% span)
** See Table 3-26.

Channel




rarametey

i >

Frocess Measurement Accuracy

Primary Element Accuracy
. 148, ¢
sensor Calibration - -
Steam Flow
teed Flow
Steam Pressure

+a,(

Measurement & Test Equipment Accuracy
r~ -1 +a,
Steam Flow
Feed Flow
Steam Pressure

sensor Pressure Effects
Steam Flow
Feed Flow

sensor Temperature Effects
Steam Flow
Feed Flow
Steam Pressure

Sensor Drift

Environmental Allowance

Rack Calibration
ck Accuracy
team Flow
eed Flow

Steam Pressure [ ]*8,¢C

"Iy

o

no




TABLE 3-10 (Continued)

STEAM/FEEDWATER FLOW MISMATCH

Parameter

Measurement & Test Equipment Accuracy

Steam Flow
Feed Flow
Steam Pressure [ Jrac

Comparator
Two inputs

Rack Temperature Effects

Rack Drift
Steam Flow
Feed Flow
Steam Pressure [ Jtc

R

* In percent span (120% nominal steam flow)

% AP span converted to flow span via Eq. 3-28.8,
-

Channel Statistical Allowances

~—

29

L

Allowance*
[~ ‘]*C.C
+a,cC
- +a,C




Parameter

Measurement Accuracy
tlement Accuracy
Calibration
Pressure Effects
Temperature Effects

sor

ironmental Allowance

¢k Calibration
Rack Accuracy
Measurement & Test Equipment Accuracy

Comparator
Rack Temperature Effects

Rack Drift

In percent span (1040 VAC)

Channel Statistical Allowance =




ocess Measurement Accu

imary tlement Accuracy

sor Calibration
Pressure Effects
Temperature Effects

Orift

ironmental Allowance

Rack Calibration
Rack Accuracy

Measurement & Test Equipment Accuracy

Lomparator

Rack Temperature Effects

Rack Drift

In
i

n percent span (6.7 HZ AC)

Channel Statistical

poe=

Allowance =




Parameter

Process Measurement Accuracy
Primary Element Accurar
rrimary ciement ACCUTracCy

Sensor Calibration
Measurement & Test Equipment Accuracy

sensor Pressure Effects
sensor Temperature Effects
Sensor Drift
Environmental Allowance
Rack Calibration
Rack Accuracy
Measurement & Test Equipment Accuracy

Comparator
One input

Rack Temperature Effects

Rack Drift

¢

In percent span (58 psig)

Channel Statistical Allowance =

LS J

+d,




TABLE 3-14
CONTAINMENT PRESSURE - HIGH, SI

Parameter

Process Measurement Accuracy
Primary Element Accuracy

Sensor Calibration
Measurement & Test Equipment Accuracy

Sensor Pressure Effects
Sensor Temperature Effects
Sensor Drift
Environmental Allowance
Rack Calibration
Rack Accuracy
Measurement & Test Equipment Accuracy

Comparator
One input

Rack Temperature Effects

Rack Drift

R

* In percent span (100 psig)

Channel Statistical Allowance =
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Parameter

Measurement Accuracy
Primary Elemeat Accuracy

:\(,hfy.:)( al\bvat‘.()ﬂ
Measurement & Test Equipment Accuy

) Pressure Effects
ensor Temperature Effects
sensor Drift
tnvironmental Allowance
Rack Calibration
Rack Accuracy
Measurement & Test Equipment Accuracy

Comparator
One input

Rack Temperature Effects

Rack Drift

In percent span (1000 psig)

Channel Statistical Allowance =




TABLE

DIFFERENTIAL PRESSURE BETWEEN STEAM HEADER & STEAM LINE

.

rarameter

Measurement
ary Element Accu

ensor Calibration
Steamline
Header
Measurement & Test Equipment Accuracy
Steamline
Header

sensor Pressure Effects
sensor Temperature Effects
Steaml ine
Header
Sensor Drift
Steamline
Header

Environmental Allowance

Rack Calibration
Rack Accuracy
Steamline
Header
Measurement & Test Equipment Accuracy
Steamiine
Header

omparator
Two inputs

Rack Temperature Effects

Rack Drift
Steamline
Heager

3

16

,

)




TABLE 3-16 (Continued)

OIFFERENTIAL PRESSURE BETWEEN STEAM HEADER & STEAM LINES - HIGH.

*in percent span ( « 1400 psig)

Lhannel Statistical Allowance =




Para.eter

Process Measurement Accuracy

Primary Element Accuracy

sensor Calibration
Steam Flow
Turbine Pressure

Measurement & Test Equipment Accuracy
Steam Flow
Turbine Pressure

Sensor Pressure Effects

Steam Flow
Sensor Temperature Effects
Steam Flow |
Turbine Pressure

Sensor Drift
Steam Flow
Turbine Pressure

Environmental Allowance

Rack Calibration
Rack Accuracy
Steam Flow
Turbine Pressure




TABLE 3-17 (Continued)
HIGH STEAM LINE FLOW-SI, STEAM LINE ISOLATION

Parameter Allowangce*
Measurement & Test Equipment Accuracy

- +3,C¢
Steam Flow [ ) Rt [~
Turbine Pressure

Comparator +a,cC
Steam Flow [: :]
Turbine Pressure

Rack Tempera.'re Effects [ 1t

Rack Drift
Steam Flow [
Turbine Pressure

]*.,C

e e

* In percent span (120% nominal steam flow)
% 4P span converted to flow span via Eq. 3-28.8,
where Fo.y = 120%, Fy = 100%

Channel Statistical Allowances

r =+l C
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TABLE 3-18

STEAM LINE PRESSURE - LOW-SI, STEAM LINE ISOLATION

Parameter

Process Measurement Accuracy
Primary Element Accuracy

Sensor Calibration
Measurement & Test Equipment Accuracy

Sensor Pressure Effects
Sensor Temperature Effects
Sensor Drift
Environmental Allowance
Rack Calibration
Rack Accuracy
Measurement & Test Equipment Accuracy

Comparator
One finput

Rack Temperature Effects
Rack Drift

S s e o s

* In percent span (1400 psig)

Channel Statistical Allowance =

39
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Allowance*
- " +a,C
Ve =




0Cess Measurement Accuracy
Primary Element Accuracy

sensor Calibration
Measurement & Test Equipment Accuracy

Pressure Effects
Temperature Effects
Orift

Environmental Allowance

Rack Calibration
Rack Accuracy
Measurement & Test Equipment Accuracy

Lomparator
One input

Rack Temperature Effects

Rack Drift

In percent span (100 psig)

Channel Statistical Allowance =




TABLE 3-20

CONTAINMENT RADIOACTIVITY HIGH PARTICULATE, CONTAINMENT ISOLATION

Parameter

ocess Measurement Accuracy

r

Primary Element Accuracy

sensor Calibration
Measurement & Test Fquipment Accuracy

Sensor Pressure Effects
sensor Temperature Effects
Sensor Drift

Environmental Allowance

nack Calibration
Rack Accuracy
heasurement & Test Equipment Accuracy

Compi rator
0@ input

Rack Temperature Effects

Rack Drift

* In percent span (999990.0 CPM)

Channel Statistical Allowance =




TABLE 3

1
i

~

TAVG - LOW-LOW,SI, STEAM LINE ISOLATION

’
» | 4

1o

o'

meter

'
2

Process Measurement Accuracy | ]9, ¢
Primary Element Accuracy

sensor Calibration Accuracy

sensor Pressure Effects
sensor Temperature Effects

sensor Drift
( JTReE

Environmental Allowance

Rack Calibration (01911a1 Process Racks)
] a,C

(

Measurement & Test Equipment Accuracy

fotal Rack Calibration Accuracy

-1 43,C

Rack Temperature Effects

Rack Drift :

* In percent span (75°F)

# Number of Hot Leg RTDs used

## Number of Cold Leg RTDs used ,
a “’d.&

Channel Statistical Allowance =




TABLE 3-22

CONTAINMENT RADIOACTIVITY - HIGH GASEQUS, CONTAINMENT ISOLATION

Parameter

Process Measurement Accuracy od b
] )

Primary Element Accuracy

Sensor Calibration
Measurement & Test Equipment Accuracy

Sensor Pressure Effects
Sensor Temperature Effects
Sensor Drift
“vironmental Allowance
Kac' Calibration
Kack Accuracy
Measurement & Test Equipment Accuracy

Comparator
One 1input

Rack Temperature Effects
Rack Drift

R

* In percent span (49990.0 CPM)

Channel Statistical Allowance =
+a,c

43

Allowance*

-

= +a,C
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NOTES FOR TABLE 3-23

A1l values in percent span.
As noted in FSAR,
As noted in Tables 2.2-1 and 3.3-3 of Plant Technical Specifications.
Included in [ J*8E
Not specifically used in the Safety Analysis.
As noted ir Table 2.2-1 Note 1 of Plant Technical Specifications shown
below.
TABLE 2.2-1 TABLE NOTATION
REACTOR TRIP SYSTEM INSTRUMENTATION TRIP SETPOINTS

NOTE 1: OVERTEMPERATURE AT

At (Lio Z,8 < 87, (K, - Ky LL__I &y ._.i___ + Ks(P = P') - £, (AI))
(1+7 s;"xo X )] £ 8T, & + 15) 4 [ ’ 755’] P o
where: AT = Measured AT by RTD Instrumentation,

I

| + 7;2 = Lead/Lag compensator on measured AT;

11.12 » Time constants utilized in the lag compensator
Jor AT; Ti* 8 seca., Tye 3 secs.;

(1% 135) * The function generated by the rate-lag controller for Tavg
dynamic compensation;

A, < Indicated Delta-T at RATED THERMAL POWER;

K £ 1.005;

K 2 0.0102/°;

I -+ z

1 * ,‘g « The function generated by the lead-lag

5 controller for Tavg dynamic compensation;

74.75 = Time constants utilized in tne lead-lag
controller for Tavg, T, = 25 secs., 75 = 3 secs.;

T = Average temperature O

E o = Lag compensator on measured T“

' 7.8 ¢

8
L < 574.2 % (Nomina) Tavg @t RATED THERMAL PONER)

45



NOTE 1!

and fI(A!) is & function of the indicated difference between top and hottom detectors of the
power range nuclear ion chambers; with gains to be selected based on measurad instrument response

du

(1

(2

(3

NOTE 2:

NOTE 3:

ArbT i [....L.._] AT, (kg - Ks((L..I i_J]L-—l-.—],x . (s(t((—l—-l.;-s_g - 17 = £,(81))
*Ts

NOTES FOR TABLE 3-23 (Continued)

TABLE 2.2<1 [continued)
OVERTEMPERATURE AT (continued)
2 0.000453/psig;

= Time constant utilized in the lag compensator
for AT, T, = 0 secs

= Time constant utilized in the T va lag
compensator for AT, Tg® 0 secs.

= Pressurizer pressure (psig);

2 2235 psig, (Nominal RCS operating pressure).

1
“i
'

Laplace transform operator, sec

ring plant start-up tests such that:

) for g, g, between - 14% and + 10%, f (A1) = 0 where N
and q, are percent RATED THERMAL POWER in the top and bottom halves
of the .ore respectively, and Qy * Gy 'S the total THERMAL POWER
in percent of RATED THERMAL POWER;

) fir each percent that the magnitude of Q * G exceeds ~ (4%, the
Delta-T trip setpoint shall be eutomctlcaliy reduced by 1.5% of its
value at RATED THERMAL POWER.

) for each percent that the magnitude of 4y - Q, exceeds + 10%, the

Delta-T trip setpoint shall be automat‘cal1y roduccd by 1.5% of its
valye at RATED THERMAL POWER.

The channel's maximum trip setpoint shall not exceed its computed trip point by

more than | 5% of instrument span.

OVERPOWER AT

1+ 755) 11+ Tp8) 7,8) (1« 1,5)

where: AT
Ar

= As defined in Note |:

. = As defined in Note |;
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TABLE 3-24
OVERTEMPERATURE AT CALCULATIONS (Continved)

Total Allowance =

: I

= 7.2% AT span

TR L R .. Y



TABLE 3-25

OVERPOWER AT CALCULATIONS

The equation for ! r AT 1s:
Arphdst il [ ] ¢ b1, (&, - Kl nL..l;i_.lw r.._...L._ ety[—._L_....] « 19 - 1,080
(1% 7,8) (1. 7,5) v 1,80 (1 e 78 (14 78]
Kq (nominal) « 1.09 Technial Specification value
Kg (max) . jH. ¢
Kg - 0.02/%
K¢ = 0.00068/°F

AT, = vessel AT  « 56,19

0 for all Al

fa

Reference nctes to Table 3-23 for a complete listing of terms.
Process Measurement Accuracy
Tavg - [ e

Total Allowance =
- +a,¢

L

= §5.3% span

50



TABLE 3-26

STEAM GENERATOR LEVEL DENSITY VARIATIONS

Because of density variations with load, it 1s impossible without some
form of compensation to have the same accuracy under al)l load
conditions. The recommended calibration point is at 50% power
conditions. Approximate errors at 0% and 100% water leve) readings
and also for nominal trip points of 10% and 70% leve) are listed below
for a typical 50% 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 channel accuracies, trip
accuracies or indicated accuracies which have been defined as AP
measurements only.(l)

INDICATED LEVEL (50% Power Calibration)

0% 10% 70% 100%

Actual Leve!l +a,¢
0% Power

Actual Level
100% Power

(1) Miller, R. B., "Accuracy Analysis for Proteciion/Safeguards and
Selected Control Channels", WCAP-8108 (Proprietary), March 1973,
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TABLE 3-27

AP MEASUREMENTS EXPRESSED IN FLOW UNITS

The AP accuracy expressed as percent of span of the transmitter

applies throughout the measured span, 1.e., + 1.5% of 100 inches AP =

£ 1.5 inches anywhere in the span. Because (. f(AP) the same

cannot be sald for flow accuracies. When 1t is more convenient to express
the accuracy of a transmitter in flow terms, the following method 1s used:

FNZ . APN where N « nomina)l flow

ZFNOFN . 8APN
p
thus aFy i
2Fy
Error at a point (not in percent) is:

By _ 0Py aaRy
v 2FE  20py

and

APy (Fy)?
8Pnax  (Fax)?

where max = maximum flow

and the transmitter AP error is:

ahPy
(

)(100) = % error in Ful) Scale AP (% FS AP)
8Pmax

52
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Eq. 3-28.2

Eq. 3-28.3

£q. 3-28.4



therefore:

percent error (FS AP)
Ofy _ (BPpyy) { 100 ). gercent error (FS 89) Fuyy p
'y 2(8P ) 2 (2) (100) "
FN
[:'max :J
Error in flow units 1s: Eq. 3-28.5
F F ‘
percent (FS AP)

Fy o Tmax Cduka
8Fy = (Fy)( (2) (100) )EN -' £q. 3-28.6

Error in percent nominal flow 1s:

e

ar ercent error (FS AP F

(;;N—)(IOO) ol ; &£ ) [;Ell:] Eq. 3-28.7
N

Error in percent full span 1s:

2
(2—’-“—)(100) g (Fy) (percent error (FS 4P)) E_m“]

max (Fmax) (2) (100) N

ercent error (FS AP) F
° (2 2)) (Fmax.

s 2 »

Eq. 3-28.8

Equation 3-28.8 1s used to express errors in percent full span in
this document.
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4.1 CURRENT USE

The Standard Technical Specifications (STS) as used for Westinghouse
type plant designs (see NUREG-0452, Revision 4) utilizes a two column
format for the RPS and ESF system. This format recognizes that the
setpoint channel breakdown, as presented in Figure 4-1, allows for a
certain amount of rack drift. The original intent was to reduce the
number of reporting events in the area of instrumentation setpoint
drift. It appears that this goal was achieved. MHowever, it does not
recognize how setpoint calibrations and verifications are performed in
the plant. In fact, this two column approach forces the plant to take
@ double penalty in the area of calibration error. As noted in

Figure 4-1, the plant must allow for calibration error below the STS
Trip Setpoint, in addition to the allowance assumed in the various
accident analyses, 1f full utilization of the rack drift is wanted.
This 1s due, as noted in 2.2, to the fact that calibration error
cannot be distinguished from rack drift after an initia) calibration.
Thus, the plant 1s Teft with two choices; 1) to assume a rack drift
value less than that allowed for in the analyses (actual RD = assumed
RD - RCA) or, 2) peralize the operation of the plant (and increasing
the possibility of a spurious trip) by Towering the nominal trip
setpoint into the operating margin,

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

This extension recognizes the calibration/verification techniques used
in tha plants and allows for a more flexible approach in determining
reportability. Also of significant benefit to the plant is the
incorporation of sensor drift parameters on an 18 month basis (or more
often if necessary).
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4.2 MESTINGHOUSE SETPOINT METHODOLOGY FOR STS SETPOINTS

Recognizing that the plant experiences both rack and sensor drift, a
different approach to Technical Specification setpoints may be used.
This revised methodology accounts for two additional factors seen in
the plant during perfodic surveillance, 1) interactive effects for
both sensors and rack and, 2) sensor drift effects,

4.2.1 RACK ALLOWANCE

Interactive effects will be covered first. When an instrument
technician looks for rack drift, more than that is seen if "as
left/as found" data is not used. This interaction has been noted
several times and is treated in Equations 2.1 and 3.1 by the
arithmetic summation of the rack effects, RD, RMTE, RCSA, and RCA:
and the sensor effects, 5D, SMTE and SCA. To provide a conservative
"trigger vaiue", the difference between the STS trip setpoint and the
STS allow.pble value is determined by two methods. The first is
simgly the values used in the CSA calculation,

Ty = (RCA + RMTE + RCSA + RD) (Eq. 4.1)

The second extracts these values from the calculations and compares
the remaining values against the total allowance:

Tp = TA - ((A) + (5))1/2 . ¢a (Eq. 4.2)

where:
Tp = Rack trigger value
A o« (PMA)2 & (PEA)Z & (SPE)Z + (STE)? & (RTE)?
S = (SCA + SMTE + SD)
EA, TA and ali other parameters are as defined for Equation 2.1,
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The smaller of the trigger values should be used for comparison with
the "as measured” (RCA + RMTE + RCSA + RD) value. As long as the “as
measured” value 1s smaller, the channel is within the accuracy
allowance. [f the "as measured" value exceeds the "trigger value",
the #7251 number should be used fn the calculation described in
Section 4.2.3. This means that all the instrument technician has to
do during the periodic surveillance is determine the value of the
bistable trip setpoint, verify that 1t 15 Tess than the STS Allowable
Velue, and does not have to account for any additional effects. The
same approach is used for the sensor, 1.e., the "as measured" value
15 used when required, Tables 4-1 and 4-2 show the current STS
setpoint philosophy (NUREG-0452, Revision 4) and the Westinghouse
rack allowance for Turkey Point Units 3 & 4 (3] day surveillance for
analog and 92 day surveillance for digital). A comparison of the
differences between the Safety Analysis Limits and Allowable Values
will show the relative gain of the Westinghouse version.

4.2.2 INCLUSION OF "AS MEASURED" SENSOR ALLOWANCE

If the approach used was a straight arithmetic sum, sensor allowances
for drift would also be straight forward, i.e., a three column
setpoint methodology. However, the use of the Westinghouse
methodology requires a somewhat more complicated approach. The
methodology is based on the use of Equation 4.3, and demonstrated in
Section 4.2.3, Implementation.

TAs (M2 4 R4 8+ EA (Eq. 4.3)
where:
R = the ‘as measured rack value" (RCA + RMTE + RCSA + RD)

$ = the "as measured sensor value" (SCA + SMTE + SD)
all other parameters arc as defined in Fquation 4.2,
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where:

TA = 4.5%
-4},
& 2l
' »
EA =
T2 :

However, since only Ty « [ 1*0C §5 assumed for T in the

various analyses, that value will be used as the "trigger value".
The Towest of two values is used for the “trigger value"; either the
value for T ass.ted in the analyses or the value calculated by
Equation 4.2,

Now assume that one bistable has "drifted" mo' « than that allowed by
the STS for perfodic survei.lance. According to ACTION statement
b.1, the olant staff must verify that Equation 2.2-1 is met. Going
to Table ¢.2-1, the following values are noted: 2 = 1.12 and the
Total Allowance fs (TA) = 4.5, Assume that the "as measured" rack
setpoint value 1s 2.75% Tow and the ":s measured" sensor value is
1.3%. Equation 2.2-1 looks like:

TA>2+R+ S
112 + 2,75 + 1.3 ¢ 4.5
5.2 > 4.5

As can be seen, 5.2% 1s not less than 4,5% thus, the plant staff must
follow ACTION statement b.2 (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 § in
Table 2.2-1 then the sum of Z + R + S would also be greater than
4.5%. In fact, anytime the "as measured" value for rack drift is
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Again the value of T used is whichever is smaller. This method is
described in NUREG-0717 Supplement 4, dated August 1982.

The complete set of calculations follows for High Steam Flow to
demonstrate this aspect (values noted are from Table 3-17).

—~ =1 *a,C

bee

TA - BIAS - (A + (5)2)1/2

=
~e
L3

+8,¢
T, = ]

((RCAg + RMTEg + RCSAg + RDg)? +(RCAy + RMTEy + RCSAy + RDy)?)1/2

il
w
=

Ty =(

The value of T used is based on Equation 4.7 (Tg). 1In this

document Equations 4.6 and 4.7, whichever results in the smaller
value, 1s used for multiple channel input functions to remain
consistent with current NRC approved methodologies. Table 4-1 notes
the values of TA, A, S, T, and 2 for al) protection functions and is
utilized in the oetermination of the Allowable Values noted 1in
Appendix A,

Table 4.3-1 also requires that a calibration be perferued every
refueling (approximately 18 months). To satisfy this requirement,
the plant staff would determine the bistable trip setpoint (thus,
determining the "as measured" rack value at that time) and the sensor
"as measured" value. Taking these two "as measured" values and using
Equation 2.2-1 again the plant staff can determine that the tested
channel is in fact within the Safety Analysis allowance.
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Using the above methodology. the plant gains sdced operational
flexibility and yet remains within the allowances accounted for in
the various accident analyses. In addition, the methodology allows
foo a sensor drift factor and an increased rack drift factor. These
two gains should significantly reduce the problems associated with
channel drift and thus, decrease the number of instances a channel is
determined to be inoperable while allowing plant cperation ir 3 safe
manner.
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TABLE 4-)
EXAMPLES OF CURRENT STS SETPOINT PHILOSOPHY

Power Range Pressurizer

Neutron Flux - HMigh  Pressure - Low

Safety Analysis Limit 118% RTP 1790 psig

STS Allowable Value 110% RTP 1825 psig

STS Trip Setpoint 108% RTP 1835 psig
TABLE 4-2

EXAMPLES OF WESTINGHOUSE STS RACK ALLOWANCE

Powr = Range Pressurizer
Neutron flux - High Pressure - Low
Safety Analysis Limit 118% RTF 1790 psig
STS Allowable Value 112% RTP 1817 psig
(Trigger Value)
STS Trip Setpoint 109% RTP 1835 psig
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Safety Analysis Limit

STS Allowable Value [sonnacens
{ Razk Drift
STS Trip Setpoint

Actual Calibration Setpoint

Figure 4-1 JUREG-0452 Rev. 4 Setpoint Error Breakdown
(Analog Process Racks)
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APPENDIX A

TABLE 2.2-1 (continued)
REACTOR TRIP SYSTEM INSTIUMENTAT'(: "Q1P SETPOINTS

TABLE NOTALJC.

NOTE 1: OVERTEMPERATURE AT

AT[(l‘Yn)[ 1 J:A’

(K, * (Sh2I ) (1 (o) © T1] 4 Ko (P - PY) - f, (A1)

T,8) (1 + 7,8) ° ?(xQ T8) (1« 1,8) v
Where: AT = Me2_ured AT by RTD Instrumentation;

}'f'fég = Lead/Lag compensator on measured AT;

T1:7p = Time constants utilized in the lag compensator
for AT; T1= 8 secs., To= 3 secs.;

(T+ 739) = The function generate” by the rate-lag controller
for T.vg dynamic compensation;

AT, < Indicated AT at RATED THERMAL POWER;

Ky < 095

K, > 0.0107/°F;

%‘f‘f‘% = The function generated by the lead-lag

5 controller for Tavg dynamic compensation;

T4:7s = Time constants utilized in the lead-lag
controller for T,,,, 74 = 25 secs.,
Tg = 3 secs.;

T = Average temperature °F;

P e

1 + 768 = Lag compensator on measured Tavg‘

{ £ 674.2 OF (Nominal T,,o at RATED THERMAL
POWER)

Kq > 0,000453/psig;

73 « Time constant utilized in the lag compensator

for AT, Ty ® 0 secs.;

TURKEY POINT - UNITS 3 & 4 2-7



APPENDIX A

TABLE 2.2-1 (continued)
REACTOR TRIP SYSTEM INSTRUMENTATION TRIP SETPOINTS

TABLE NOTATION

NOTE »: OVERTEMPERATURE AT (continued)

76 = Time constant ut1lized in the avg lag
compensator for AT, 7¢ = 0 secs.;

P ~ Pressurizer pres.ure (psig);
P’ 2 2235 psig, (Nominal RCS operating pressure);
$ = Laplace transform operator, sec'l;

and f1(Al) is a function of the fnaicated difference batween top

and bottom detectors of the power range nuclear ion chambers; with
gains to be selected based on measured instrument respunse during plant
startup tests such thatl:

(1) for qy - qp between - 14% and + 10%, f,(Al) = 0
where q aRd qp are percent RATED THER&AL POWER in the
top and bottom halves of the core respectively, and Qq +
Qn s the total THERMAL POWER in percent of RATED
THERMAL POWER;

(2) for each ~arcent that the magnitude of Q¢ - qp exceeds
- 14%, the Delta-T trip setpoint shall pe automatically
reduced by 1.5% of its value at RATED THERMAL >0WER.

(3) for each percent that the magnitude of g, - qy exceeds
+ 10%, the Delta-T trip setpoint shall bg automatically
reduced by 1.5% of its value at RATED THERMAL POWER.

NOTE 2: The channel’: maximum trip setpoint shall not exceed its computed trip
point by more than 1.5% of instrument span.

TURKEY POINT - UNITS 3 & 4 2-8



APPENDIX A

TABLE 2.2-1 (continued)
REACTOR TRIP SYSTEM INSTRUMENTATION TRIP SETPOINTS

TABLE NOTATION

NOTE 3: OVERPOWER AT

AY[il 2180l « AT K, - K (i) (dl)yy . Ko flamda) Lo flALl
{1+ T;S)][(l + 735)] <8 °( ‘ 5&1 + 7,5) (1« 755)) 8! [(1 * Tgs) ] 2.6 "

Where: AT = As defined in Note 1;

Er « As defined in Note 1;

T‘%‘;;g = As defined in Note 1;

AT, = As defined “n Note 1;

K4 < 1.09;

Kg > 0.02/%F for increasing average
temperature and 0.0 for decreasing average
temparature;

The function generated by the rate-lag
controller for Tavg dynamic compensation;

,\l
+~
-
~
w
N
"

Ty = Time constant utilized in the rate-laj
controller for Tyug, 77 2 10 secs.;

T";l;gg = As defined in Note 1;

76 = As defined in Note 1;

TURKEY POINT - UNITS 3 & 4 2-9



APPENDIX A

TABLE 2.2-1 (continued)
REACTOR TRIP SYSTEM INSTRUMENTATION TRIP SETPOINTS

JABLE NOTATION

NOTE 3: OVERPOWER AT (continued)

Kg > 0.00068/%F for T > T" and 0.0 for T < T";

T = As defined in Note 1;

| = Indicated Tavg at RATED THERMAL POWER
(Calibration temperature for AT
instrumentation, < 574.29F);

S = As defined in Note 1;

fa(al) = 0 for all Al

NOTE 4: The channel’s maximum trip setpoint shall not exceed its computed trip
point by more than 1.4% AT span.
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&2 LIMIT NG SAFETY SYSTEM SETTINGS

BASES

- —
———

¢.2.1 REACTOR TRIP SYSTEM INSTRUMENTATION SETPOINTS

The Reactor Trip Setpoint Limits specified in Table 2.2-1 are the
nominal values at which the Reactor trips are set for each functiona)
unit. The Trip Setpoints have been 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 mitigatira the consequences of accidents. The setpoint for a reactor
trip system o1 interlock function is c¢onsidered to be adjusted consistent
with the nominal value when the "as meas'red" setpoint in within the band
allowed for calibration accuracy.

To accommodate the instrument drift that may occur between 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 specified Allowable Value is accepcable since an
allowance has teen made in the safety analysis to accommocate this error.
An optional 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 utilizes the "as measured" ("as found")
uaviation from the specified calibration point for rack and sensor
components, in conjunction with a statistical combination of the other
uncertainties of the instrumentation to measure the process variable, and
the uncertainties in calibrating the instrumentation. In Equation 2.2-1,
Z+R+S <TA the interactive effects of the errors in the rack and the
sensor, and the "as measured" ("as found" - nominal) values of the errors
are considered. Z, as specified in Table 2.2-1, 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 percent span,
between the trip setpoint and the value used in the analysis for reactor
trip. R or Rack Error is the "as measured" ("as found" - nominal)
deviation, in percent span, for the affected channel from the specified
trip setpoint. S or Sensor Drift is either the “as measured" ("as found"
- nominal) deviation of the sensor from its calibration point or the value
specified in Table 2.2-1, in perce~t span, from the analysis assumptions.
Use of Equation 2.2-1 allows for a sensur drift factor, an .ncreased rack
drift factor, and provides a threshcld value for deter ining
reportability.

The methodology to derive the Trip Setpoints «  ovased upon combining

all of the uncertainties in the channels. Inherent to the determination
of the Trip Setpoints are the magnitudes of these channel uncertainties.
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APPENDIX A
2.2 LIMITING SAFETY SYSTEM SETTINGS

M
&.2.1 REACTOR TRIP SYSTEM INSTRUMENTATION SETPOINTS

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 allu.ance. Being that there is a
small statistical chance that this will happen, an infrequent excessive
drift is expected. Rack or sensor drift, in excess of the allowance that
is more than occasional, may be indicative of more serfous problems and
should warrant further investigation,
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{NG_CONDITION FOR QPERATION

¢ The Engineered Sa ty Feature Actuation System (ESFAS

L \ ] g M
nstrumentation channel. and interlocks shown in Table 3.3-2 shal) be
l OPERABLE with their 77\:‘; SQ.O\;.\'J'{.) set consistent with the values showr
I the ’.!:‘ !t:”. column of Table 1.3.3
. ADDI TCARTL 1T ’ ehauin 4n % s 2 2.9
rred "7’55»; 1 at SNOW! f C: L& .J o“s
A 1ON:
a. With an ESFAS Instrumentation or Interlock Setpoint trip less
conservative than the value shown in the ’r'vb‘ Setpoint column but
1 \ \

more conservative than the value shown in the Allowable Value
column of Table 3.3-3, adjust the setpoint consistent with the Tri
setpoint value within permissible calibration tolerance

-

b, With an ESFAS Instrumentatior :

conservative than the value shown in the Allowable Vali
Table 3.3-3, either:

or Interlock Setpoint less

> D

e ¢column of

. Adjust the Setpoint consistent with the Trip Setpoint value of
Table 3.3-3 and determine within 12 hours that Equation
was satisfied for the affected channel, or

¢. Declare the channel inoperable and app)

pply the applicable ACT
statement requirements of Table 3.3-2 until the channe! i

3- 3
' restored to OPERABLE status with its setpoint adjusted
by consistent with the Trip Setpoint value
T EQUATION 2.2-1 7 +R+8S<TA
where:
i « The value for column Z of Table 3.3-3 for the affected channel.
f = The "as measured" value (in percent span) of rack error for the
affected channel,
S = fither the "as measured" value (in percent span) of the sensor
error, or the value of Column S (Sensoar Error) of Table 3.3-3 for
the affected channel, and

A = The value for Column TA (Total Allowance in
Table 3.3-3 for the affected channel

SFAS instrumentation channel or interlock inoperable.
hown in Table 3.3.2

vaiwTEL

< M\ ; 1 4 | AMD n 1
1Y) :,V_;%Ls.f‘.'\‘.x.&..ﬂ."‘i.* ._‘:A_.Lu'_s._‘_x.._“_,-..

4.3.2.1 Each ESFAS instrumentztion channel and interlock and the automatic

actuation logic und relays shali be demonstrated OPERABLE by performance of tt

SFAS pecified in Table 4.3-2

AS Instrumentation Surveillance Reguirements s "
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ENGINEERED SAFETY FEATURES ACTUATION SYSTEM

APPEND [X A

TABLE 3.3-3

INSTRUMENTATION TRIP SETPOINTS

Totel
Allowance Sersor Drift
—t0CLi0N0L Unit 4 7 SEOMSRT ¢ 3 ($) Irip Setpoint Aliowable Velve
1. Safety Injection, (Reactor
Trip, Turbine Trip, Feedwater
Isolstion, Control Rnom
Isolation, Stort Die el
Generators, Contairment
Phase A Isoletion (except
maral §1), Contairment Cooling
Fans, Contairment Filter Fans,
Start Sequencer, Component Cooling water,
Start Auxiliary Feedwater and
intake Cooling water)
8, Manua!l Initiation NA NA NA NA NA
b, Automatic Actuation Logic NA NA NA NA e
¢, Contairment Pressure
High 2.0 0.2 0.0 £ 4.0 PSIG £5.5 pgin
d. Pressurizer Pressure - Low 13.0 8.4 1.4 S LR = 11
e. Kigh Differential Pressure
Between Steam Line
Header and Steam Line, 4.7 1.57 4,60 * < 100 PSIG < 114 PSIG
f. Steam Line Flow - Nigh 16.7 2.86 3.9 S A function defined as < A function defined as
follows: A DelvaP follows: A DeltaP
corresponding to 40% corresponaing te 42.6%
Steam Flow at OX (oad  Steam Flow st 0% load
increasing Linearly increasing linearly from
from 20% (oad to & value 20X load to & value
corresponding to 120X  corresponding to 122.6%
Steam Flow at full load, Steam Flow ot full load,
Coincident with:
Steam Generator
Pressure - Low 13.0 1.16 2.3 2 614 PSIG > 588 psic
or
Tavg - Low 6.0  2.00 1.00 > 543% > 542.5%
2. Contairment Spray
a. Automatic Actuation Logic
and Actuation Relays NA - NA NA NA
b. Contairment Pressure
Kigh - Wign Coincident 10.0 1.6 0.0 < 20 PSIC < 21.4 P3IG
with:Contalrment
Pressure High 2.0 0.2 0.0 £ 4.0 PSIC £ 5.5 PSIG
* 2.3% Span for eacn senso
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tomelic Actuat ior
WIC and Actuastior
Lays

teirwent Pressure

High High Coing ident
withiConta)rment
Pressure Nigh

Nitairnment vent ation
at N

miteinment | s
Manual Phase A or
Marnval Phase B

See Itm

ntairnment
Radioactivity




APPEND [ X A
TABLE 3.3°3 (Continued)

ENGINEERED SAFETY FEATURES ACTUATION SYSTEM
INSTRUMENTATION TRIP SETBOINTS

Total
Allowance Sersor orift
—t et ional Unis {IA) (2) ($) Irip Setpoint ALL ¥
&, SYEAM LINE 'SOLATION
8. Manual [nitiation NA NA NA NA
b, Automatic Actuation NA NA NA M4
Logic arnd Actuaticy
Relays
t. Containment Pressure
Hign - Kigh Coincident 10.0 1.6 0.0 < 20 PSIG < 21.4 PSIG
with:Contairment
Pressure High 2.0 0.2 0.0 £ 4.0 PSIG < 5.5 pSIC
f. Stemn Line Flow - Kigh 16.7 2.8 3. £ A function defined as < A function defined as
follows: A Delte-? follows: A Delte:P
correspordding to 40% corresponding to 42.6%
Steam Flow at OX load Steam Flow ot OX lownd
increasing |inearly incressing Linearly from
from 20% (oad to & value 20X load to o value
corresponding to 120% correspording to 122.6%
Steam Flow st full load. Steam Flow at full lomd.
Coincident with:
Stean Line
Pressure © Low 13.0 1.16 2.3 2 614 PSIG > 588 PSIG
or
Tavg * Low 4.0 2.00 1.00 > 543% b 542,5%F
5. FEELWATER ISOLATION
. Automatic Actuatior NA NA NA NA )
Logic and Actuation
kelays
b, Safety Injection See [tem 1, above for all Safety Injection Trip Setpoints and Allowable Velues
6. Auxiliary Feedweter (3)
0. Autometic Actustion A NA NA KA NA
Logic and Actuation
Relays
b, Steam Generator Weter
Level Low-Low 5.0 2.3 1.9 > 15X of narrow > 13.2% of nerrowm
range instrument range instrument
span span
¢. Safety Injection See Item 1, sbove for all Safety Injection Trip Setpoints and Allowable Values
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TABLE 3.5:3 (Continued)

ENGINEERED SAFETY FEATURES ACTUATION SYSTEM
INSTRUMENTAYION TRIP SETPOINTS

Totel
AlLowance Sermor Drift
P— AL AT TSI A (D) (8) Teip Setpoint Allowable velue

6. Auxiliory Feedwoter (cont|red)

d. Bus Stripping See [tem 7, below for all Bus Stripping Setpoints end Allowabie Velues
¢ Irip of ALL Mein Fesdwoter NA NA WA NA NA
Pun @reakers

7, Loss of Power

0. 6,16 kV Busses A wxi B
(Loss of Voltage) A NA WA NA L

b, 480V Load Centers
(Instantaneous Reloys)
Degraded Voltage

hood Center
3a G36Ve5V (10 sec ¢ 1 sec delay) ( )
38 416Ve5V (10 sec ¢ Y sec delay) | )
3C G1TVASV (10 sec ¢ 1 sec deley) | )
30 42BVL5Y (10 sec ¢ 1 sec delay) | )
“t GISVESY (10 wec + 1 sec delay) | )
“b 414Ve5V (10 wec & 1 sec delay) ]
13 401Va5V (10 mec + 1 sec delay) | )
40 GO3VEEY (10 mec + ) sec delay) | ]
Coincident with:
Sefety Injection See ltem 1, mbove for ell Sefety Injection Trip Setpoints and Allowable Values
‘esel Generator NA WA

Ereaker Oper
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TABLE 3.3'3 (Continued)

ENGINEERED SAFETY FEATURES ACTUATION SYSTEX
ING RUMENTATION TRIP SETPOINTS

Total
Al lowance Sensor Drift
ettt el Unis S TV L8 1rip Setpeint Alloweble velve
7. Loss of Powar (contirmm.)
¢, 480V Losd Centers
(Inverse Time Relays)
Degraded Voltage
hoad fenter
34 419ve5Y (60 sec ¢ 30 sec delmy [ )
36 426Ys5V (60 sec + 30 sec delay) | ]
3c 42TV45V (60 sec + 30 sec delay) | ]
3 436V45V (£ sec + 30 sec deley) | ]
4A 427ve5Y (60 sec ¢+ 30 sec delay) | ]
“8 42445V (60 sec ¢ 30 sec delay) | ]
4«C 413Ve5V (60 sec + 30 sec delay) | ]
&0 S12v45V (60 sec ¢ 30 sec delay) | ]
Coincident with:
Diesel Generator Brearer Open NA NA
8. Engineered Safety features
Actuation System [nterlocks
6. P-1Y Prassurizer Pressure NA NA NA nominal 2000 PSIG < 2018 PsiG
b. P12 Tavp - Low NA NA NA mominal 543%F » 542.5%
9. Control Room Isolation
6. Automatic Actuation NA NA NA NA NA
Logic ardl Actuation
Relays
b. Safety Injection See Item 1, above for all Safety Injection Trip Setpoints and Allowable Values
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APPEND X A
TABLE 3.3-3 (Continued)

ENGINEERED SATETY FEATURES ACTUATION SYSTEM
INSTRUMENTATION TRIP SETPOINTS

Totel
Allowsnce Sersor Drife
R 1Y S T TV (A (2 I3 Iripsetpoint Alloueble velve

9, Control Room lsniation (Centinued)

¢, Contairmnt
Redioactivity igh (1) N NA (L) Poruwlot! (R-11) Purt'euu!g (R-1Y)
6.1 x 107cPu £ 6.8 x T0°CM
Gaseout (R-17) see (2) Gaseou, (R-12) see (2)

d. Contairment [soletion
Manua! Phase A or NA NA NA NA NA
Manual Phase B

e. Air Intake Radiation
Lovel KA NA MA £ 2mR/hr £ 2.83mR/hr

TABLE. MOTATIONS
(1) Either the pariiculete or gusecus chanre. n the OPERABLE status will autisfy this L20,
&
(2) Contzinient Gaseous Monitor Setpoint = Q2210 ) ChM,

(F)
5 “
Contairment Geseous Monitor Al lowable Velue = M_,..lﬂ__l CPM,

(F)
where F = ——-—mmm_.

Design Purge Flow (35,000 CFs)

Setpoint may vary according to current plant conditions ~ovized thac the release rate coes

not exceed allowable limits provided in Specification 3.11.2.1,

(3) Auxitiary feedwater marual initistion is incluced in Specificetion 3,7.1.2.

1T 1o allowabie value is specified so indizated by [ ], the trip setpoint
shall alse be tne allowable value,
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3/4.3 INSTRUMENTATJON

Baut —

e -

MMW\ 4 £ SYSTEM and ENGINEERED SAFETY FEATURES

The OPERABILITY of the Reactor Trip System and the Enaineered Satety
Features Actuation System instrumentation and intevlocks ensures that: (1)
the associated ACTION and/or Reactor trip will be initiated when the
parameter monitored by each channel or combination thereof reaches its
Setpoint (2) the specified coincidence logic is maintained, (3) =Jfficien.
redundance is maintained to permit a channel to be out-of-service for
testing or maintenance (due to plant specific design, pulling fuses and
using jumpers may be used to place channels in trip), and (4) sufficient
system functional capability is available from diverse parameters.

The OPERABILITY of these systems iz vequired to provide the overall
relfability, redundancy, and diversity assumed available in the facility
design for the protection and mitigation of accident and transient
conditions. The integrated operaticn of each of these systems is
consistent with the assumptions used in the safety analyses. The
Surveillance Requirements specified for (hese systems ensure that the
overall system functional capability is maintainzd comparable to the
originel design standards. The periodic surveillance tests performed at
the mivimum Frequencies are sufficient to demonstrate this capability.

The Engineered Safety Features Actuation System Instrumentatior Trip
Setpoints specified in Table 3.3-3 are the nominal values at which the
bistables are set for each functional unit. The setpoint 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 i strument drift t*at may occur between operational
tests and the accuracy to which Setpoints can be measured and ca)ibrated,
Allowable Values for the Setpoints have been specified in Table 3.3-3.
Operation with Setpoints less conservative than the Trip Setpoint but
within the Allowable Value 1s acceptable since an allewance bas been made
in the safzly anai; <is to accomaodate this error. An optional provision
has been included fo* determining the OPERABILITY of a channel when its
irip setpoint is fourd to exceed the Allowable Value. The methodology of
this option utilizes the "as measured” ("as found" deviation from the
specified calibraticn point for rack and sensor cumponents in conjunction
with a statistical combination of the other uncertainties of the
instrumentation to measure the process variable and the uncertainties in
calibrating the instrumentation. [n Equation 2.2-1, Z + R+ S ¢ TA, the
interactive effects of the errors in the rack and the sensor, and the "as
measur~<" values of the errors are considered. I, as specified in Table
3.3-3, percent span, is the statistical summation of errors assumed
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34 INSTRUMENTATION

3/4.3.1 and 3/4.3,2 REACT NGINEERED SAFETY FEATURES
ACTUATION SYSTEM INSTRUM N (Continued;

in the aralysis excluding those associated with the sensor and rack
drift and the accuracy of their measurement. TA or Total Allowance is
the difference, in percent span, between the trip setpoint and the
value used in the analysis for actuation. R or Rack Error is the "us
measured” (“as found" - nominal) deviation, in percent span, for the
affected channel from the specified trip sctpoint, S or Sensor Drift
s either the "as measured" ("as found" - nominal) deviation of the
sensor from its calibration point or the value specified in Table
3.3-3, in percent span, from the analysis assumptions. Use of
Equation 2.2-1 ailows for a sensor drift factor, an increased rack
drift factor, and provides a threshold value for determining
reportability,

The methodology to derive the Trip Setpoints includes an allowance
for instrument uncertainties. Inherent to the determination of the
Trip Setpoints are the magnitudes of these channel uncertainties.
Sensor and rack instrumentation utilized in these channels are
expected to be capable of operating within the a’lowances of thase
uncertainty magnitudes. Rack drift in excess of the Allowable Value
exhibits the behavior that the rack has not met its allowance, Being
that thers is a small statistical chance that this will happen, an
infrequent excessive drift is expected. Rack or sensor drift, in
excess of the allowavce that is more than occasional, may be
indicative of more serious problems and should warrant further
investigation.

TURKEY POINT - UNITS 3 & 4 B 3/4-1 (cont’d)

N N P




