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1.0 1 NTRODUCTI ON

| nMarch of 1917, the NRC requested several wutilities with Wstinghouse

Nucl ear Steam Supply Systems to reply to aseries of questions concerning the
met hodol ogy for determning instrument setpoints. Arevised nethodol ogy was
devel oped i nresponse to those questions with a corresponding defense of the
technique used in determining the overall allowance for each setpoint.

The basic underlying assunption used i sthat several of the error conponents
and their parameter assunptions act independently, e.g., rack versus sensors
and pressure/tenperature assunptions. This allows the use of astatistical
summnation of the various components instead of a strictly arithmetic
summnation. A direct benefit of the use of this technique is increased margin
I nthe total allowance. For those paranmeter assunptions known to be
interactive, the technique uses the standard, conservative approach,
arithmetic summnation, to form independent quantities, e.g., drift and
calibration error. An explanation of the overall approach is provided in
Section 2.0.

Section 3.0 provides adescription, or definition, of each of the various
conponents i nthe setpoint parameter breakdown, to allow a clear understanding
of the methodology. Aso provided i sadetailed exanple of each setpoint
uncertainty calculation denmonstrating the methodol ogy and noting how each
parameter value i sderived. | nall cases, sufficient margin exists between
the summation and the total allowance.

Section 4.0 notes what the current MERITS Technical Specifications use for
setpoints and an explanation of the inpact of the \estinghouse approach on
them Detailed exanples of how to determine the Technical Specification
setpoint values are also provided.



This page left intentionally blank



2.0 COWVBI NATION OF ERRCOR COVPONENTS
2.1 METHODOLOGY

The met hodol ogy used to conbine the error conponents for a channel is
basical |y the appropriate conbination of those groups of conponents which are
statistically independent, i.e., not interactive. Those errors which are not
i ndependent are placed arithmetically into groups. The groups thenselves are
i ndependent effects which can then be systematically conbined.

The net hodol ogy used for this conbination isthe "square root of the sum of
the squares" which has been utilized inother Wstinghouse reports. This
technique, or other approaches of a simlar nature, has been used in
WCAP-10395" } and WCAP-8567" ). WCAP-8567 has been approved by the NRC

staff thus noting the acceptability of statistical techniques for the
application requested. I naddition, various ANSI, American Nuclear Society,
and Instrunent Society of America standards approve of the use of
probabilistic and statistical techniques indetermning safety-related
setpoints @), The methodol ogy used inthis report is essentially the

same as that used for V. C. Summer, which was approved i nNUREG 0717,
Supplement No. 4@

The relationship between the error components and the total error allowance
for a channel isnoted inEg 2.1,

CSA = {(PHA) 2 + (PEA) Z + (SCA+SMTE+SD) 2 + (SPE)Y + (STE) 2 +

(RCA+RMTE&RCSA+RD) 2 +(RTE)1"'2 + EA (Eg. 2.1)

() Gigsby, J. M. Spier, E.M, Tuley, C. R, "Statistical Evaluation of LOCA Heat Source
Uncertainty," WCAP-10395 (Proprietary), WCAP-10396 (Non-Proprietary), Novenmber, 1983.

() Chelener, H, Boman, L. H, and Sharp, 0. R. "Inproved Thermal Design Procedure," WCAP-8567
(Proprietary), ACAP-8568 (Non-Proprietary), July, 1975.

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

(4)ISA Standard S67.04, 1987, "Setpoints for Nuclear Safety-Related Instrumentation Used in
Nucl ear Power Plants."

(S)NUREG 0717, Supplenent No. 4, "Safety Eval uation Report Related to Operation of Virgil C.
Sumver Nuclear Station, Unit No. 1" Docket No. 50-395, August, 1982.



where:

CSA - Channel Statistical Allowance

PMA = Process Measurenent Accuracy

PEA - Primary Element Accuracy

SCA - Sensor Calibration Accuracy

SMTE = Sensor Measurenent and Test Equi pment Accuracy
SD = Sensor Drift

SPE = Sensor Pressure Effects

STE - Sensor Tenperature Effects

RCA = Rack Calibration Accuracy

RMTE = Rack Measurement and Test Equipment Accuracy
RCSA = Rack Conparator Setting Accuracy

RD - Rack Drift

RTE - Rack Tenperature Effects

EA - Environnental Allowance

This equation was originally designed to address anal og process racks with
bistables. Digital process racks generally operate ina different manner by
sinulating a bistable. The protection function setpoint is avalue held in
nemory. The digital process racks conmpare the function's value with the val ue
stored i nnemory.  Atrip isinitiated when the input to the calculation is
conpared to and corresponds to the value i nnmemory. Thus, with the absence of
a physical bistable, the RCSA term can be redefined. Depending on the
function, the RMIE termcan also be redefined. The calculations for the
protection functions noted inthis document reflect the use of either anal og
or digital process racks (whichever i sappropriate) and the corresponding

val ues for RCSA and RMTE as required.

As can be seen inEquation 2.1, drift and calibration accuracy allowances are
interactive and thus not independent. The environnental allowance i s not
necessarily considered interactive with all other parameters, but as an
additional degree of conservatismisadded to the statistical sum It should
be noted that for this document, it i sassumed that the accuracy effect on a
channel due to cable degradation inan accident environment isless than 0.1
percent of span. This inpact has been considered negligible and i s not



factored into thie analysis. An error due to this cause, found to be i nexcess
of 0.1 percent of span nust be directly added as an environmental error.
Several functions were identified by TVA as having cable | Rerror i nexcess of
0.1 percent span. These errors have been incorporated into the calculations.

The Westinghouse setpoirnt nmethodol ogy results i navalue with a 95 percent
probability with a high confidence level. Analog Rack Drift and sensor drift
are assumed based on a survey of reported plant LERs. Digital Rack Drift is
based on system design, and Process Measurenent Accuracy ternms are considered
to be conservative val ues.

2.2 SENSOR ALLOWANCES

Five parameters are considered to be sensor allowances, SCA, SMIE, SD, STE,
and SPE (see Table 3-21). O these paraneters, two are considered to be
statistically independent, STE and SPE, and three are considered interactive,
SCA, SMIE and SD. STE and SPE are considered to be independent due to the
manner i nwhich the instrumentation i schecked, i.e..- the instrunentation is
calibrated and drift determned under conditions i nwhich pressure and
tenperature are assumed constant. An exanple of this would be as follows;
assume asensor i splaced i nsome position i nthe containment during a
refueling outage. After placenent, an instrunent technician calibrates the
sensor. This calibration i sperformed at anbient pressure and tenperature
conditions. Some time later with the plant shutdown, an instrument technician
checks for sensor drift. Using the same technique as for calibrating the
sensor, the technician determines i fthe sensor has drifted or not. The
conditions under which this determination i smde are again at anbient
pressure and tenperdtu,ye conditions. Thus the tenmperature and pressure have
no inpact 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, i.e., due to the manner i nwhich the
instrunentation i schecked. \hen caflibrating a sensor, the sensor output is
checked to determine ifitisrepresenting accurately the input. The same i s
perforned for a determnation of the sensor drift. Thus unless "as left/as
found" da.ca i srecorded and used, it isinpossible to determine the



differences between calibration errors and drift when a sensor i s checked the
second or any subsequent tine. Based on this reasoning, SCA, SMIE and SD have
been added to forman independent group which isthen factored into Equation
2.1.  An exanple of the inpact of this treatment for a level transnitter is

(sensor paraneters only):

--+a, c

&

SMIE
SPE
STE
SD

excerpting the sensor portion of Equation 2.1 results in;

{(SCA + SMTE + SD) + (SPE) + (STE)}'

- or

[ 78 =2.12%

Assuming no interactive effects for any of the parameters results inthe
fol | ow ng:

{(SCAY + (SMTE) + (SO) + (SPE) 2+ (STE)™ (Eq. 2.2)

{ Ve =1.41%

Thus it can be seen that the approach represented by Equation 2.1, which
accounts for interactive paranmeters, results inanmore conservative summation
of the allowances.

2.3 RACK ALLOMANCES

Five parameters, as noted by Table 3-21, are considered to be rack allowances,
RCA, RMIE, RCSA, RTE, and RD. Four of these paraneters are considered to be
interactive (for nuch the same reason outlined for sensors in22), RCA RME
RCSA, and RD.  \Men calibrating or determining drift inthe racks for a
specific channel, the processes are performed at essentially constant



tenperature, i.e., anbient tenperature. Because of this, the RTE paraneter is
considered to be independent of any factors for calibration or drift.

However, the same cannot be said for the other rack parameters As notd in
2.2, when calibrating or determining drift for a channel, the sane end res.!t
i sdesired, that is, at what point does the bistable change state. After
initial calibration, without recording and using *as left/as found* data, it
I snot possible to distinguish the difference between a calibration error,
rack drift or a conparator setting error. Based on this logic, these factors
have been added to forman independent group. This group isthen factored
into Equation 2.1. The inpact of this approach (formation of an independent
group based on interactive conponents) issignificant. For a level
transmtter channel, wusing the same approach outlined in Equations 2.1 and 2.2
and using anal og process rack uncertainties results inthe followng:

+a, C
RCA
RPATE

L

excerpting the rack portion of Equation 2.1 results in;

RCSA
BBE

{(RCA + RMTE + RCSA + RD) + (RTEY)"?

- or

[ ve  =1.94%

Assumng no interactive effects for any of the paranmeters yields the follow ng
| ess conservative results;

{(RCA) 2 + (RMTE) 2 + (RCSA)22 + (RD)Z + (RTE)?)" (Eg. 2.3)

- or

[ 1. JT 1.26%

Thus, the inpact of the use of Equation 2.1 iseven greater inthe area of
rack effects than for sensor effects. Similar results, with different
magni tudes, would be arrived at using digital process rack uncertainties.



Therefore, accounting for interactive effects i nthe treatment of these
al l owances insures a conservative result.

2.4 PROCESS ALLOWANCES

Finally, the PMA and PEA parameters are considered to be independent of both
sensor and rack parameters. PMA provides allowances for the non-instrunment
related effects, e.g., neutron flux, calorinetric power error assunptions,
fluid density changes, and tenperature stratification assunptions. PMA may
consist of more than one independent error allowance. Recently, an inproved
understanding of the AP level neasurenent systemerrors has led to two
additional PMA error components being applied to the steam generator level
channels. One for reference leg tenmperature changes from calibrated
tenperature, and one for downconer subcooling. These error conponents are not
considered to be random i nnature, and should be treated as biases. PEA
accounts for errors due to netering devices, such as el bows and venturis.
Thus, these parameters have been factored into Equation 2.1 as independent
quantities.

2.5 NEASURENKNT AND TEST EQUI FPENT ACCURACY

Vst inghouse was informed by Watts Bar that the equipnent used for calibration
and functional testing of the transmtters and racks did not neet SAMA
standard PI4C 20.1-1973 with regards to al |l owed exclusion from the
calculation"*.  This inplies that test equipment without an accuracy of 10
percent or less of the calibration accuracy (referenced i n3.2.6.a or
3.2.7.a.) isrequired to be included i nthe uncertainty calculations of
equations 2.1 and 3.1. Based on values provided by Watts Bar, these

additional uncertainties were included i nthe calculations, as noted on the
tables included I nthis report, with minor inpact on the final results. On
Table 3-22, the values for SMIE and RMIE are specifically identified.

(I)Scientific Apparatus Manufacturers Association, Standard PNC 20, 1-1973. OProcess Measurment
and Control Technol ogy."



3.0 PROTECTION SYSTEM SETPOINT NETHODOLOGY
3.1 MARGIN CALCULATION

As noted inSection 2.0, Westinghouse utilizes the square root of the sum of
the squares for summation of the various conmponents of the channel
uncertainty. This approach i svalid where no dependency i s present. An
arithmetic summation i srequired where an interaction between two parameters
exists. The equation used to determne the margin, and thus the acceptability
of the paraneter values used, is:

Margin - TA - {(PHA)l + (PEA) + (SCA + SMTE + SD)Z + (SPE)2 +
(STE)2 + (RCA + RMTE + RCSA + RD)2 + (RTE))}' - EA (Eg. 3.1)
wher e:

TA - Total Allowance (Safety Analysis Limt - Nominal Trip
Set point), and
all other paraneters are as defined for Equation 2. 1.

Again, please note that Equation 3.1 i srepresentative for a channel wth

anal og process racks. Use of digital process racks results innodification of
the RCSA term  The magnitude of the RMIE termistypically different for
digital process racks when conmpared to typical values for anal og process
racks.

Tables 3-1 through 3-20 provide individual conponent uncertainties and CSA
calculations for all protection functions utilizing appropriate values for the
procesv rack equi pment. Table 3-21 provides a summary of the previous 20
tables and includes Safety Analysis and Technical Specification values. Total
Al | owance and Margin.

3.2 DEFINITIONS FOR PROTECTI ON SYSTEM SETPO NT TOLERANCED

To insure a clear understanding of the channel uncertainty values used in
this report, the following definitions are noted:



a AID

El ectronic circuit nmodul e that converts a continuously variable analog signal
to a discrete digital signal via a prescriptive algorithm

a Al'l owabl e Val ue

Abistable trip setpoint (analog function) or CPU trip output (digital
function) inplant Technical Specifications, which allows for deviation, e.g.,
Rack Drift, fromthe Noninal Trip Setpoint. Abistable trip setpoint found
ni'-conservative with respect to the Allowable Value requires some action for
,'estoration by plant operating personnel.

5 As Found

The condition a transmitter, process rack nodule or process instrument loop is
found i nafter a period of operation. Typically this condition isbetter than
the allowance for drift (see (Rack Drift) and (Sensor Drift)), e.g., after a
period of operation, a transmitter was found to deviate fromthe ideal
condition by (-0.5) %span. This would be the "as found" condition.

ahs Left

The condition atransmitter, process rack module or process instrunment |oop is
left inafter calibration or bistable trip setpoint verification. This
condition i sbetter than the calibration accuracy for that piece of equipment,
e.g., the permitted calibration accuracy for a transnitter may be t 0.5% of
span; after calibration, the worst measured deviation fromthe ideal condition
i s+0.1% span. Inthis instance, if the calibration was stopped at this
point, no additional efforts were made to decrease the deviation, the *as
left" error would be +0.1% span.

a Channel

The sensing and process equipnent, i.e., transnitter to bistable (analog
function) or transmitter to CPU trip output (digital function), for one i nput
to the voting logic of a protection function. Westinghouse designs protection



functions with voting logic made up of nmultiple channels, e.g. 2/3 Steam
Generator Level - Low Low channels nust have bistables inthe tripped
condition for a Reactor Trip to be initiated.

a Channel Statistical Allowance (CSA)

The conbination of the various channel uncertainties via SRSS. |t includes
both instrument (sensor and process rack) uncertainties and non-ins.runment
related effects (Process Measurenent Accuracy). This parameter i s conpared
with the Total Allowance for determination of instrument channel margin.

* Environnental Allowance (EA)

The change i na process signal (transmitter or process rack output) due to
adverse environmental conditions froma liniting accident condition. \here
appropriate, avalue isexplicitly noted. For functions not required to

operate i nan adverse condition, a value of zero i sassigned. Typically this
value i sdetermned froma conservative set of enveloping conditions and may
represent the follow ng:

a) temerature effects on a transmtter,

b) ion effects on atransmtter,

c) se.,nic effects on atransmtter,

d) tenperature effects on a level transmitter reference leg,
e) tenperature effects on signal cable insulation and

f) seismc effects on process racks.

O Margin

The calcul ated difference (i n%instrunment span) between the Total Allowance
and the Channel Statistical Allowance.

a Nominal Trip Setpoint (NTS)
A bistable trip setpoint (analog function) or CPU trip output (digital

function) inplant Technical Specifications. This value isthe nomnal value
to which the bistable isset, as accurately as reasonably achievable (analog



function) or the defined input value for the CPU trip output setpoint (digital
function).

a Normal i zation

The process of establishing arelationship, or Iink, between a process
parameter and an instrunent channel. This isincontrast with acalibration
process. Acalibration process i sperformed with independent known val ues,
l.e., abistable iscalibrated to change state when aspecific voltage is
reached. This voltage corresponds to a process parameter magnitude with the
relationship established through the scaling process. A normalization process
typically involves an indirect neasurenment, e.g., detenination of StemFlow
via the Ap drop across a flow restrictor. The flow coefficient is not known
for this condition, effectively an orifice, therefore a mass balance between
Feedwater Flow and Steam Flow can be made. With the Feedwater Flow known,

through measurement via the venturi, the Steam Flow is normalized.

aPrimry El ement Accuracy (PEA)

Error due to the use of anetering device, e.qg., venturi, orifice, or el bow,
Typically, this isa calculated or neasured accuracy for the devi ce.

a Process Loop (Instrument Process Loop)

The process equipment for a single channel of a protection function.

a Process Measurenment Accuracy (PMA)

Allowance for non-instrunent related effects which have a direct bearing on
the accuracy of an instrument channel's reading, e.g., tenmperature
stratafication inalarge diameter pipe, fluid density ina pipe or vessel.

a Process Racks

The analog or digital modules downstream of the transnitter or sensi ng device,
which "onditiona signal and act upon it prior to input to a voting | ogi ¢
system  For \éstinghouse process systems, this includes all the equi pnent



contained i nthe process equi pnent cabinets, e.g., conversion resistor,
transmtter power supply, RE lead/lag, rate, lag functions, fur,-tion
generator, summator, control/protection isolator, and bistable for analog
functions; conversion resistor, transmtter power supply, signal conditioning
A'D converter and CPU for digital functions. The go/no go signal generated by
the bistable isthe output of the last nodule i nthe anal og process rack
instrument loop and |sthe input to the voting logic. The CPU trip output
signal isthe input to the voting logic fromadigital system

@R/ E

Resistance (R)to voltage (E)conversion nodule. The RTD output (change i n
resistance as a function of tenperature) i sconverted to a process |oop
working paraneter (voltage) by this analog nodule. Westinghouse 7300 and
Eagle-21 Process Instrunentation Systems utilize R'E converters for treatnent
of RTD output signals.

S8R/ |

Resistance (R)to current (1)conversion nodule. The RTD output (change i n
resistance as a function of tenperature) i sconverted to aprocess |oop
working paraneter (current) by this analog nodule. Foxboro, Hagan and
\iestinghouse 7100 Process Instrumentation Systems utilize R'! converters for
treatment of RTD output signals.

@Rack Calibration Accuracy (RCA)

The reference (calibration) accuracy, as defined by SAMA Standard PNC
20.1-19731"1 for a process loop string. Inherent inthis definition i sthe
verification of the following under areference set of conditions; 1)
confornity'®, 2) hysteresis¥ and 3) repeatability[' ). The Westinghouse
definition of a process loop includes all nodules i na specific channel. Aso
it isassumed that the individual nodules are calibrated to a particular
tolerance and that the process loop as astring i sverified to be calibrated
to a specific tolerance. The tolerance for the string i stypically less than
the arithmetic sumor SRSS of the individual nodule tolerances. This forces
rolibration of the process loop without asystematic bias i nthe individual



nmodul e calibrations, i.e., as left values for individual nodul es nust be
conpensating I nsign and nagnitude.

For an anal og channel, an Individual nodule istypically calibrated to
within ( 1'", with the entire process loop typically
calibrated to within [ T, .. For sinple process loops where a
pover supply (not used as a converter) isthe only rack modul e, this
accuracy may be ignored. However, it isWstinghouse practice to
include this accuracy for these sinple loops as a degree of
conservatism

For a \estinghouse supplied digital channel, RCA represents calibration
of the signal conditioning - A/D converter providing input to the CPU.
Typically there isonly one module present inthe digital process |oop,
thus conpensation between multiple modules for errors isnot possible.
However, for protection functions with nultiple inputs, conpensation
between nultiple nodules for errors i s possible. Each signal
conditioning - A/D converter nodule iscalibrated to within an accuracy
of [ J"" for functions with process rack inputs of 4 - 20 mA
or 10 - 50 mA, or | |*'C for RTD inputs.

* Rack Conparator Setting Accuracy (RCSA)

The reference (calibration) accuracy, as defined by SAMA Standard PMC
20.1-1973R of the instrument loop conparator (bistable). Inherent inthis
definition i sthe verification of the following under a reference set of
conditions; 1) conformityld, 2) hysteresis[® and 3) repeatability'¥. The
tolerances assumed for Watts Bar (based on input from TVA) are as follows:
a.) Fixed setpoint with a single input - [ ]*'.bc percent accuracy.
This assumes that conparator nonlinearities are conpensated by the

set poi nt .
b.) Dual input - an additional [ 1j,,. percent nust be added for
conparator nonlinearities between two inputs. Total [ a.b.c

percent accuracy.



| nmany plants, calibration of the bistable i sincluded as an integral part of
the rack calibration, i.e., string calibration. \estinghouse supplied digital
channel s do not have an electronic conparator, therefore no uncertainty is
included for this termfor these channels.

a Rack Drift (RD)

The change i ninput-output relationship over aperiod of time at reference
conditions, e.g., at constant tenperature. Typical values assumed for this
parameter are =1.0% span for 30 days for analog racks and [ | ¢

for 90 days for digital racks.
a Rack Measurenment &Test Equipment Accuracy (RI4TE)

The accuracy of the test equipment (typically atransmitter sinulator, voltage
or current power supply, and DYM used to calibrate a process loop i nthe
racks. Wen the magnitude of RWTE neets the requirements of SAMA PI4C 20. 1
19731" i ti sconsidered an integral part of RCA  Magnitudes i nexcess of the
10:1 limt are explicitly included i nWstinghouse cal cul ations.

a Rack Tenperature Effects (RTE)

Change i ninput-output relationship for the process rack module string due to
a change i nthe anbient environmental conditions (tenperature, hunidity,
voltage and frequency) fromthe reference calibration conditions. Ithas been
determined that temperature is the most significant, with the other parameters
being second order effects. For Westinghouse supplied process
instrumentation, avalue of []CI'S used for analog channel
tenperature effects and [ Y" . is used for digital
channels. Itisassumed that calibration i sperformed at a nominal anbient
temperature of + 70 *Fwith an upper extreme of + 120 OF (+50 OF AT) and a
lower extreme of +40 *F.

@Range

The upper and lower linits of the operating region for adevice, e.g., for a
Pressurizer Pressure transmitter, O to 3000 psig, for Steam Generator Level, O



to 500 inches of water colum. This isnot necessarily the calibrated span of
the device, although quite often the two are close. For further information
see SAMA PMC 20.1-197316).

* Safety Analysis Limt (SAL)

The parameter value assumed ina accident analysis at which a reactor trip or
actuation function isinitiated.

a Sensor Calibration Accuracy (SCA)

The reference (calibration) accuracy for a sensor or transmitter as defined by

SAMA Standard PMC 20.1-19973t'I.  Inherent inthis definition i sthe
verification of the following under a reference set of conditions; 1)
conformityl2, 2) hysteresisld and 3) repeatability©3. For Westinghouse

supplied transmitters, this accuracy istypically [ ] Utilizing
iestinghouse recommendations for RTD cross-calibration, this accuracy is
typically [ 14" for the Hot Leg and Cold Leg RTDs.

* Sensor Drift (SD)

The change i ninput-output relationship over aperiod of time at reference
calibration conditions, e.g., at constant tenperature. Typical allowance for
a \Westinghouse supplied transmtter is| ]1,.c for 18 cal endar

nont hs.

* Sensor Measurenent & Test Equi pment Accuracy (SMIE)

The accuracy of the test equipment (typically a high accuracy local readout

gauge and DVM used to calibrate a sensor or transnitter inthe field or ina
calibration laboratory. Wen the nmagnitude of SMIE neets the requirenments of
SAMA PMC 20.1-1973%1 it i sconsidered an integral part of SCA  Magnitudes in
excess of the 10:1 linit are explicitly included i nWstinghouse cal cul ations.

TVAs policy of using a 1:1 criteria at Watts Ear has been incorporated into
this analysis.



a Sensor PressurE Effects (SPE)

The change i ninput-output relationship due to a change i nthe static head
pressure fromthe calibration conditions (i fcalibration i sperformed at |ine
pressure) or the accuracy to which a correction factor i sintroduced for the
difference between calibration and operating conditions -Oor aAp transmitter.
For Vestinghouse supplied transnitters, atypical SPE value is|

.ac Wth an allowance of [ ]1*& variance from calibration
conditions (ifperformed at line pressure). |f acorrection i sintroduced,
e.g., for calibration at atnospheric pressure conditions, it isassumed the
correction factor isintroduced with an accuracy of|

2 Sensor Tenperature Effects (STE)

The change i ninput-output relationship due to a change i nthe anbient
environnental conditions (tenperature, humidity, voltage and frequency) from
the reference calibration conditions. It has been deternined that tenperature
i sthe nost significant, with the other paraneters being second order effects.
For Westinghouse supplied transnitters, the tenperature effect istypically
[li. with a maxi num assuned change of 50 OF (or an STE
value of [] )[It  is assumed that calibration is performed at a
nomnal anbient tenperature of + 70 OF with an upper extreme of + 120 OF and a
lower extreme of 4 40 017  For specific devices, a maximm tenperature of

+ 130 OF isacceptable, which then requires acalibration tenperature of
greater than or equal to + 80 OF. Hgher calibration tenperatures are
acceptable, but the maximum operating tenperature islinited to 120 OF and

130 OF after Westinghouse eval uation.

n Span

The region for which adevice i scalibrated and verified to be operable, e.g
for a Pressurizer Pressure transnitter, 800 psig. For Pressurizer Pressure,
consi derabl e suppression of the zero and turndown of the operating range i s
exhi bi ted.



s SRSS

Square root of the snim of the squares, i.e.

S ra*® + (@

as approved for use in setpoint calculations by |ISA Standard
S67. 04-1987" 1.

* Total Allowance (TA)
The calcul ated difference between the Safety Analysis Linmt and the Nom nal
Trip Setpoint (SAL - NTS) in %instrunent span. Two exanples of the

cal culation of TA are:

* NI'S Power Range Neutron Flux - High

SAL 1181 RTP
NTS - 1091 RTP
TA 9%RTP

| f the instrument spar * 1201 RTP, then

(91 RTP)(100% span)
TA RTP ¥ 7.51 span
(1201 RTP)
| Pressurizer Pressure - Low

SAL 1910 psig
NTS - 1970 psig
TA 60 psig

I f the instrunent span * 800 psig, then

(60 psig)(100% span)
TA * (Opsig) * 7.5% span
(800 psig)



3.3 CROSS REFERENCE - SAMA PMC 20.1-1973 AND ANSI /| SA-551. 1- 1979

SAMA Standard PMC 20.1-1973, "Process Measurenent & Control Term nol ogy- i s no
longer inprint and thus isunavailable from SAMA. |t has been replaced by
ANSI /1 SA S51.1-1979, "Process Instrumentation Term nology" and i s available
fromthe Instrument Society of America. Noted below i s a cross reference
listing of equivalent definitions between the two standards for terms used in
this docunent. Even though the SAMA standard i s no |onger available,

West i nghouse prefers and continues to use the SAMA definitions.

SAMVA SA
Ref erence Accuracy!! Accuracy Ratingl!
Conformity [ Conformty, independent ']
Hyst eresi s[3 Hysteresis 010
Repeatabi 1i tyL Repeatabi 1i tyl1
Test Cyclets] Calibration Cyclel™
Test Procedures $ Test Procedures' ®
Range(! Range1

3.4 REFERENCES / STANDARDS

[1]  Scientific Apparatus Makers Association Standard PMC 20.,-1973, "Process
Measurement & Control Terminology”, p 4, 1973.

(2] Ibid, p 5.
(3 Ibid, p 19.
(4 Ibid, p 28

[5] Ibid, p 36.

[61  Ibid, p 27.

[7] Instrunent Society of America Standard S67.04-1987, "Setpoints for
Nucl ear Safety-Related Instrumentation", p 12, 1987.

[d] Instrument Society of America Standard S51.1-1979, "Process
Instrunentation Termnology", p 6, 1979.

[9] Ibid, p 8.

[10] Ibid, p 20.

[11] 1bid, p 27.

[12] Ibid, p 33.

[13] Ibid, p 25.



3.5 METHODOLOGY CONCLUSION

The Wastinghouse setpoint methodology resulis in a value with a 95 percent
probability. Analog Rack Drift and Sensor Drift are assumed based on a survey
of reported plant LERs, digital Rack Drift is based on system design, and
Process Measurement Accuracy terms are considered conservative values.
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TABLE 3-1
POAER RANGE, NEUTRON FLUX - H GH AND LOW SETPQO NTS'

Par anet er Al | owance*

Prog@ess Measurenent Accuracy

Primary Element Accuracy

Sensor Calibration

Sensor Pressure Effects

Sensor Tenperature Effects
Sens[or Drift ] '

Envi ronnental Ai | owance
Rack Calibration

Rack Accuracy
Measurement & Test Equi pment Accuracy

Conpar at or
One input

Rack Tenperature Effects
Rack Drift

| npercent span (120 percent Rated Thermal Power)
Not processed by Eagle-21 racks.
TVA Sensor Tag fs NVD-92-NE41-D, 42-E, 43-F, 44-G

Channel Statistical Allowance =

L 1 4, (



TABLE 3-2

POAER RANGE, NEUTRON FLUX - HIGH POSITIVE RATE
AND H GH NEGATI VE RATE"

Parameter Al | owance'

IO

Process Measurement Accuracy

Primary Element Accuracy

SenIor Calibration

Sensor Pressure Effects

Sensor Tenperature Effects

L |

Sensor Drift

L

Environmental Al | owance

Rack Calibration
Rack Accuracy
Measurenent & Test Equi pment Accuracy

Conpar at or
One input
Rack Tenperature Effects

Rack Drift

| npercent span (120 percent Rated Thermal Power)
Not processed by Eagle-21 racks.
TVAgSensor Tag #s NVD-92- NE41-D, 42-E, 43-F, 44-G

Chafel Statistical Alowance -



TABLE 3-3
INTERMDIATE RANG[, NEUTRON FLUX"

See TVA cal cul ation |-NW4D-92-131

Not processed by EAGLE-21 racks



TABLE 3-4
SOURCE RANGE, NEUTRON FLUX'
See TVA cal culation |-NWD-92-131

Not processed by EAGLE-21 racks



TABLE 3-5
OVERTEMPERATURE AT

Par anet er Al | owance'

Process Measurement Accuracy o

Primary El ement Accuracy

Sensor Calibration

Mea®arement & Test Equi pment Accuracy I I ]

[

Sensor Pressure Effects

Sensor Tenperature Effects
Sensor Drift

L

Environnental All owance

Bias Val ues

L

Rack Calibration

Meadirement & Test Equi pment Accuracy



TABLE 3-5 (Conti nued)
OVERTEMPERATURE AT

Parameter Allowance*

Total Rack Calibration Accuracy

- +ac

Rack Tenperature Effects

Ac

Rack Drift
AT
Pressure
Al

| npercent span (Tavg - 100 °F, Pressure - 800 psi, Power - 150% RTP,
AT - 87.3 °F, Al - *60% Al)

.SSee Table 3-22 for gain and conversion cal cul ations

I Nunmber of Hot Leg RTDs used

I Nunber of Cold Leg RTDs used

TVA Sensor Tag Is
N S NVD- 92- NE41-D, 42-E, 43-F, 44-G
Pressure PT-68-322G 323F, 334E, 340D
Tenperature TE-68-281, -2B2, -2B3, -14A -148, -2581, -2582, -25B3,
-37A, -378, -44Bl1, -44B2, -44B3, -56A, -56B, -67Bl,
-67B2, -67B3, -79A, -79B.

Channel Statistical Allowance =



TABLE 3-6
OVERPOWER AI T

Parameter Allowance*
Process Measurement Accuracy ] ra.c
Primary Element Accuracy
Sensor Calibration ]
Sensor Pressure Effects
Sensor Tenperature Effects
Sensor Drift ]
Envi ronmental Al lowance
Cable | R(per TVA letter No. W7237)
Bias Val ues
Rack Calibration J

Measurenent & Test Equi pment Accuracy

Total Rack Accuracy

| ]

Rack Tenperature Effects

Rack Drift
I J



TABLE 3-6 (Continued)
OVERPONER AT

SIn percent span (Tavg - 100 *F, Power - 1501 RTP, AT - 87.3 °F)
SSee Table 3-23 for gain calculations

| Number of Hot Leg RTDs used
## Nunber of Cold Leg RTDs used

Channel Statistical Allowance =



TABLE 3-7

PRESSURIZER PRESSURE - LOW AND HIGH REACTOR TRIP

Parameter

Process Measurenent Accuracy

Primary Element Accuracy

Sensor Calibration

Measurement & Test Equi pment Accuracy
Sensor Pressure Effects

Sensor Tenperature Effects

Sensor Drift

Envi ronmental Al lowance
Rack Calibration

Rack Accuracy .

Measurenment & Test Equi pment Accuracy
Rack Tenperature EffezLi

Rack Drift

| npercent span (800 psiga

TVA Sensor Tag i sPT-68-32 323F, 334E, 340D

Channel Statistical Allowance

Channel Statistical Allowance

Pressurizer Pressure -

Pressurizer Pressure -

H gh

Low

Allowance'



TABLE 3-8

PRESSURI ZER WATER LEVEL -

Par anet er

P@bcess Measurenment Accuracy

Primary El ement Accuracy
Sensor Calibration
Measurement & Test Equi pment Arcuracy
Sensor Pressure Effects
Sensor Tenperature Effects
Sensor Drift
Environmental Al l owance
Rack Calibration
Rack Accuracy
Measurenent & Test Equi pment Accuracy

Rack Tenperature Effects
Rack Drift

*

I'npercent span (100 perctut of span)

TVA Sensor Tag #s LT-68-320-F, 335-E, 339-D

Channel Statistical Allowance -

LE.

H GH

Al | owance*



TABLE 3-9

LOSS OF FLOW
Par amet er Allowance*
Process Measurement Accuracy - 4
«1.C
Primary Element Accuracy
Sensor Calibration
Sensor Pressure Effects
Sensor Tenperature Effects ].['"1
Sensor Drift .
Environmental Al l owance
Rack Calibration 04.1

T.c

Measurement & Test Equi pment Accuracy
Rack Tenperature Effects Jal

Rack Drift

| npercent flow span (110% Thermal Design Flow). Percent AP span converted

to flow span via Equation 3-24.8, with F., = 110% and F. = 100%

T\ Sensor Tag |'s - FT-68-6A-D, 6B-E, 6D-F, 29A-D, 29B-E, 29D-F, 48A-D,
46B-E, 48D-F, 71A-D, 71B-E, 71D-F.

annel Statistical Allowance = I )) -



TABLE 3-10

STEAM GENERATOR WATER LEVEL - LOWLOW
(I NSI DE CONTAI NVENT)

Parameter Al | owance'

Process Measurenment Accuracy

Process Pressure effects - treated as a Bias +0. 3

Reference Leg tenperature effects - treated as a Bias 0.0

Downconer Subcooling and Fluid velocity +0.5

effects - treated as a Bias

Primary Elenent Accuracy 0.0
Sensor Calibration $0.5
Measurenent & Test Equi pment Accuracy 0.5
Sensor Pressure Effects 0.5
Sensor Tenperature Effects 0.5
Sensor Drift t1.0
Environmental Al l owance

Tenperature Effects ONLY, no Radiation Effects 6.0

Reference Leg Heatup (per Watts Bar letter W7228) 3.0

TTD reset - Incorporated into deadband (3.5%. 0.0
Bi as

Cable | R- Per TVA Cal cul ati on WBPEVAR9103004, RO 0.0
Rack Calibration 0. 2
Measurement & Test Equi pment Accuracy 0.2
Rack Tenperature Effects 0.3
Rack Drift 0.3

* I'npercent span (100 percent span)

TVA Senscr Tag #s LT-3-38E, 39F, 42G 51D, 52F, 55G 93D, 94F, 97G 106E,
107F, 110G



TABLE 3-10 (continued)

STEAM GENERATOR WATER LEVEL - LOW-LOW
(INSIDE CONTAINMENT)

Channel Statistical Allowance = Steam Generator Water Level - LOWLOW
{(0.0)2+ (0.0)2 + (0.5 + 0.5 + 1.0)2 + (0.5)2 +
(052 + (0.2 +0.2 + 0.0 +0.3)2 + (03)2}12 +
6.0 +3.0 +0.3 +0.5 7 12.01 span

CALCULATI ONS PERFORMED PER TVA I NSTRUCTIONS (LETTER WAT(JW) - 3627)



TABLE 3-10a

STEAM GENERATOR WATER LEVEL - LOW-LOW
(OUTSIDE CONTAINMENT)

Parameter Allowance'

Process l\/basurerrr cy c

Primary Element Accuracy

Sensor Calibration

Measurenent & Test Equi pment Accuracy
Sensor Pressure Effects

Sensor Tenperature Effects

Sensor Drift

Environmental Al |l owance

Bi as

Rack Calibration

Measurenent & Test Equi pment Accuracy
Rack Tenperature Effects

Rack Drift

| npercent span (100 percent span)

TVA Sensor Tag #s LT-3-38E, 39F, 42G 51D, 52F, 55G 93D, 94F, 97G 106E,
107F, 110G



TABLE 3-10a (continued)

STEAM GENERATOR WATER LEVEL - LOW-LOW
(OUTSIDE  CONTAINMENT)

Channel Statistical Allowance - Steam Generator \Mter Level - LONLOWN





