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10 INTRCDUCTION

In Generic Letter 91-04,""' the NRC has noted that uncertainty calculations should be
performed in a manner which results in values at a high probability and a hig 1 co. Sidence
level. The implication being a requirement for a more statistically rigorous calculation. In
addition, Generic Letter 91-18" clarifies the NRC’s definition of operability. In response to
these documents, Westinghouse has modified the basic uncertainty algoritk 1. To address the
requirements for a definitive basis for drift, explicit calculations were made to determine
appropriate values for the transmitters and process racks.

The basic Westinghouse approach to an uncertainty calculation is to achieve an understanding
of the plant instrumentation calibration and operability verification processes. The uncertainty
algorithm resulting from this understan ing can be function specific, i.e., is very likely
different for two tunctions if their calibration or operability dstermination processes are
different. Effort is expended in determination of what parameters are dep. ndent statistically
or functionally. Those parameters that are determined to be independent are treated
accordingly. This allows the use of a Square-Root-Sum-Of-The-Squares (SRSS) summation
of the various components. A direct benefit of the use of this technique is increased mar 2in
in the total allowance. For those parameters det-rmined to be dependent, appropri
(conservative) summation techniques aie utilized. An explanation of the overall approach is
provided in Section 2.0

Section 3.0 provides a description, or definition, of each of the various components, to allow
a clear understanding of the methodology. Also provided is a detailed example of each
setpoint margin calculation demonstrating the methodology and noting how each parameter
value is utilized. In all cases, margin exists between the summation and the total allowance.




Section 4.0 provides a description of the methodology utilized in the determination of the
Millstone Unit 3 Technical Specifications and an explanation of the relationship t=tween a

tnp setpoint and an operability verification. An Appendi« is provided noting a recommended

set of Technical Specifications using the plant specific data and the revised Westinghouse

approach that reflects the plant specific operability verification process

1.1 References / Standards

Generic Letter 91-04, 1991, "Changes in Technical Specification Surveillance

Intervals to Accommodate a 24 Month Fuel Cycle

Generic Letter 91-18, 1991, "Information to Licensees Regarding Two NRC

Inspection Manual Sections on Resolution of Degraded and Nonconforming

Conditions and on Operability.'




20 COMBINATION OF UNCERTAINTY COMPONENTS
2.1 Methodology

The methodology used to combine the uncertainty components for a channel is an appropriate
combination of those yroups which are statistically and tunctionally independent. Those
uncertainties which are not independent are appropriately treated (or consers atively treated by

arithmetic summation) and then systematically combined with the independent terms

'he basic methodology used is the SRSS tec hnique which has been utilized in other
Westinghouse reports. This technique, or others of a similar nature. has been used 1in
WCAP-10395" and WCAP-8557%. WCAP-8567 is approved by the NRC noting
acceptability of statistical techniques for the application requested.  Also, various ANSI,
American Nuclear Society, and Instrument Society of America (ISA) standards approve the
use of probabilistic and statistical techniques in determining safety-related setpoints'**), The

basic methodology used in this report is essentially the same as that noted in an ISA paper

presented in 1992

he relationship between the uncertainty components and the calculated uncertainty for

channel 1s noted in Eq. 2.1 J
CSA = ((PMA) + (PEA) + (SMTE + SD) + (SN'TE + SCAV + (SPEY +
(STE) + (SRA)" + (RMTE + RD) + (RMTE + RCAF + (RMTE +
RCSA) + (RTE) + EA + BIAS (Eq. 2.1)




where

CSA =Channel Statistical Allowance

PMA, =Process Measurement Accuracy

PEA =Primary Element Accuracy

SMTE =Sensor Measurement and Test Equipment Accuracy
SD =Sensor Drift

SCA =Sensor Calibratior Accuracy

SPE =Sensor Pressure Effects

STE =Sensor Temperature Effects

SRA =5ensor Reference Accuracy

RMTE =Rack Measurement and Test Equipment Accuracy
RD =Rack Drnift

RCA =Rack Calibration Accuracy

RCSA =Rack Comparator Setting Accuracy

RTE =Rack Temperature Effects

EA =Environmental Allowance

BIAS =One directional, known magnitude

As can be seen ir the eguation, drift and calibration accuracv allowances are treated as
{

dependent parameters with the measurement and test equipment uncertainties. The
environmental allowance is not necessarily considered dependent with all other parameters

but as an additional degree of conservatism is added to the statistical sum. Bias terms are one

directional wiii: a known magnitude and are added to the staustical sum. The calibration

terms are treated in the same radical based on the Generic Letter 91-04'¢ requirement for

general rending. Millstone Unit 3 has identified that trending will be performed. This results

in a net reduction of the CSA magnitude (over that which would be determined if trending

was not performed)




Sensor Allowances

Six parameters are considered 10 be sensor allowarces: SCA. SRA. SMTE. SD, STE. and SPE
(see Table 3-24). Of these parameters, three are considered to be independent (SRA, STE and
SPE), and three are considered dependent with at least one other term (SCA, SMTE and SD)
SRA is the manufacturer’s reference accuracy that is achievable by the device This term is
introduced to address repeatability and hysteresis concerns when only performing a singie
pass calibration, i.e., one up and one down.!"” STE and SPE are considered to be independent
due to the manner in which the instrumentation is checked: i.e.. the instrumentation is
calibrated and drift determined under conditions in which pressure and temperature are
sumed constant. An example of this would be as follows. Assume a sensor is placed in
some posinon In the containment during a refueling outage. After placement, an instrument
technician calibrates the sensor. This calibration is performed at ambient pressure and
tlemperature 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 if the sensor has drifted. The conditions under which this determination is made
are again ambient pressure and temperature. The temperature and pressure should be
essentially the same at both measurements and thus should have ro significant impact on the
drift determination and are, therefore, independen: of the drift allowance For this evaluation

transmitter “as left / as found" data was evalnated to project a 30 month drift and process rack

as left / as found" data was evaluated for a 3 month drift for all channels noted in this

document

SCA, SMTE and SD are considered to be dependent tor the same reason that STE and SPE
are considered independent; i.e., due ¢ the manner in which the instrumentation is checkec

Instrumentation calibration techniques use the same process as determining instrument drift

That is, the end result of the two is the same. When calibrating a sensor, the sensor outpu’. is

checked to determine if it is accurately representing the input. The same is performed for a

determination of the sensor drift. The "as left as found” data are recorded to determine

whether the sensor has performed its intended function in the past and will it continue to

pertorm this function for future cycles as specified by the manufacturer

ITEr § sneciricanons




The transmitter "as left / as found" data was evaluated for populaticn normality and outliers

and a 30 month uncertainty determined at a 959 probability and a 95% confidence level. A

similar evaluation was performed for the process racks for a 3 month uncertainty. The

statistically derived calibration accuracy and drift values (for 30 months or 3 months as
appropriate) were combired with the measurement and test equipment accuracy term to form

the dependent relationships. A hypothetical example of the impact of this treatment for a

level transmitter is (sensor parameters only

excerpting the sensor portion of Equation 2.1 resuits in

(SMTE + SCA)" + (SMTE + SD) + (SPEF + (STEF + (SRAY

Assuming no dependencies for any of the parameters results in the following

SCA) + (SMTE) + (SD) + (SPE) + (STEF + (SRA)

or

Thus it can be seen that the approach represented by Equation 2.1, which accounts for

dependent parameters, results in a more conservative summation of the allowances




2.3 Rack Allowances

Five parameters, as noted by Table 3-24, are considered to be rack allowances: RCA, RMTE,
RCSA, RTE, and RD. Three of these parameters (RCA, RMTE, and RD) are considered to
be dependent for much the same reason as outlined for sensors in Section 2.2. When
calibrating or dete-mining drift in the racks for a specific channel, the processes are performed
at ussentially constant temperature; i.e., ambient temperature (which is reasonably controlled).
Because of this, the RTE paramerer is considered to be independent of any factors for
calibration or drift. However, the same cannot be said for the other rack parameters. As
noted in Saction 2.2, when calibrating or determining drift for a channel, the same end result
is desired; that is, the point at which the bistable changes state. For this evaluation, “as left /
as found” data was evaluated 10 project a calibration uncertainty, rack drift and a comparator
setting accuracy based on the 3 meuth surveillance interval requirement for each channel,
Based on this logic, th=se fo wrs have been conservatively summed to form several
independent groupings (see Equation 2.1). The inipact of this approach (formation of
independent groups based on dependent com:icnents) is significant. For the hypothetical

example of a level transmitter channel, using the same approach outlined in Equations 2.1 and
2.2 results in the following:

RCA =
RMTE =
RCSA =
RTE =
RD =

ERR T i Ly

excerpting the rack portion of Equation 2.1 results in;

{(RMTE + RCA)Y + (RMTE + RCSA) +(RMTE + RDJ + (RTE)) "

.()r.

{ ' = 1.5%



Assuming no dependencies for any of the parameters yields the following less conservative
results:

{(RCA)"  (RMTE) + (RCSA) + (RDY + (RTE))" (Eq.2.3)

« Or -

/ "= 1.3%

Thus, the use of Equation 2.1 is conservative for rack effects and for sensor effects.
Therefore, accounting ‘or dependencies in the treatment of these allowances provides a
conservative result.

24 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-instrument related effects: eg.
neutron flux, calorimetric power uncertainty assumptions, fluid density changes, and
temperature stratification assumptions. PMA may consist of more than one independent
uncertainty allowance. PEA accounts for uncertainties due to metering devices, such as
elbows, venturis, and orifice plates. Thus, these parameters have been factored into Equation
2.1 as independent quantities. It should be noted that treatment as an independent parameter
does not preclude determination that a PMA or PEA term should be treated as a bias. If that
is determined appropriate, Equation 2.1 would be modified such that the affected term would
be treated by arithmetic summation as deemed necessary.



2.5 Measurement and Test Equipment Arcuracy

Based on information from Northeast Nuclear Energy ( ompany (NNECQO), it was concluded
that the equipment used for calibration and functional testing of the transmitters and racks
loes not meet SAMA Standard PMC 20.1-1973" with regards 1« allowed exclusion from the

alculation, This implies that test equipment without an accuracy of 10% or less of the

cabbration accuracy is required to be included in the uncertainty calculatuons of Equations

I, and 3.1. NNECO procedures were reviewed to determine the appropriate uncertainty for

each function eveluated. These M&TE uncertainties were included in the calculations. as

seen on the tables included in this report




2.6

(1

(2]

(3]

(€]

(5]

(6]

(7]

References ' Standards

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

Chelemer, H., Boman, L. H., and Sharp, D. R., “Improved Thermal Design Procedure,"
WCAP-8567 (Proprietary), WCAP-856% (Non-Proprietary), July, 1975.

ANSI/ANS Standard $8.4-1979, "Criteria for Technical Specifications for Nuclear
Poveer Stations.”

ISA Standard $67.04, 1994, "Setpoints for Nuclear Safety-Related Instrumentation
Used in Nuclear Power Plants.”

Tuley, C. R., Williams, T. P., "The Significance of Verifying the SAMA PMC 20.1-
1973 Defined Reference Accuracy for the Westinghouse Setpoint Methodology,"
Instrumentation, Controls and Automation in the Power Industry, Vol. 35, Proceedings
of the Thirty-Fifth Power Ins:rumentation Symposium (2* Annual ISA/EPRI Joint
Controls and Automation Conference), Kansas City, Mo., June, 1992, p. 497,

Generic Letter 91-04, 1991, “Charges in Technical Specification Surveillance Intervals
10 Accommodate a 24 Month Fuel Cycle."

Scientific Apparatus Manufacturers Association, Standard PMC 20.1-1973. "Process
Measurement and Control Terminology."
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30 PROTECTION SYSTEM SETPOINT METHODOLOGY
L1 Margin Caleulation

As noted in Section 2.0, Westinghouse utilizes the square root of the sum of the squares for
summation of the various components of the channel uncertainty. This approach is valid
where no dependency is present. Arithmetic summation is a conservative treatment when a
dependency between two or more parameters exists, The equation used to determine the
margin, and thus the acceptability of the parameter values used, is:

Margin = TA - ((PMA) + (PEA) + (SMTE + SCA) + (SMTE + SD) +

(SPE) + (STE) + (SRA) + (RMTE + RCA) + (RMTE +

RCSA) + (RMTE + RD) + (RTE))'? . EA - BIAS (Eq. 3.1)
where:

TA = Total Allowance (which is defined as) Safety Analysis Limit - Nominal
Trip Setpoint, and all other parameters are as defined for Equation 2.1.

This equation is appropriate when trending of transmitter calibration and drift and process
rack calibration and drift values is taking place. Using Equation 2.1, Equation 3.1 may be
simplified to:

Margin = TA - CSA (Eq. 3.2)

Tables 3-1 through 3-23 provide individual component uncertainties and CSA calculations for
the protection functions noted in Tables 2.2-1 and 3.3-4 of the Millsione Unit 3 Technical
Specifications. Table 3-24 provides a summary of the Reactor Protection System /
Engineered Safety Features Actuation System Channel Uncertainty Allowances for Millstone
Unit 3 and includes Safety Analysis and Technical Specification values, Total Allowance and




\11!‘;“‘! \\(-'H:L‘?Iv‘u o (\;‘I‘.l“\ repon value n these table LR w decimal ['l.nv' using th
convenuonal techmgue of rounding down values less than (.08 and rounding up value

greater than or equal 05 Parameters re ported in Tables through 3-24 as "0.0" have
been dentified as having a value of 0.04. Parameters reported a o in the table

are not applicable (1.e., have no value) for that channel

L. Definitions For Protection System Setpoint Tolerances

v insure a clear understanding of the channel uncertainty values used in

this report, the followir g definitions are noted

W A '*'nlll«’

Ihe condition in which a transmitter, process rack module ot process instrument loop

1§ Tound after a peniod of operation. For example, after a period of operation, a

transmitter was found to deviate from the ideal condition by -0.5% span.  This would

be the "as found" conditon

e condition in which a transmitter process rack module or process instrument loop

18 left after calibration or bistable trip setpoint venficauon. This condition is typically

better than the calibration accuracy for that piece of equipment. For example, the

permitted calibration accuracy for a transmitter is +0.5% of span, while the worst

measured deviation from the ideal condition after calibration is +

instance, 1if the calibration was st pped at this point (i.e., no additional efforts wer

made to decrease the deviation) the "as left” error wo 1ld be +0. 1%

8

‘,




® Channel

The SENSINg and Process cequipment, 1.¢ transmitter to bistable. for one input to the
voung logic of a protecnon tunction W estinghouse design protection functions witl
voung 1ogic made up of multiple channels, e.g. 2/4 Steam Generator Level - Low-Low

hannels must have two bistables in the tripped condition for a Reactor Irip to be

intiated

® Channel Staustucal Allowance (CSA)

I'he combination of the various channel uncertainties via SRSS. It includes both

instrument (sensor and process rack) uncertainties and non-instrument related effect
(Process Measurement Accuracy). This parameter i compared with the Total

Allowance for determination of instrument channel margin

® Environmental Allowance (EA)

'he change in a process signal (transmitter or process rack output) due to adverse

environmental conditions from a limiting accident condition T'ypically this value is

determined from a conservative set of enveloping conditions and may represent the

tollowing

a) lemperature effects on a transmitter

b) racdiation effects on a transmitter

C) se1Smic effects on a transmitter

d) temperature effects on a level transmitter reference leg
¢) lemperature effects on signal cable insulation, and

) seismic cttects on process racks




® Margin

I'he calculated difference (in % instrument span) between the Total Allowance and tie

Channel Statistical Allowance

® Nominal Trip setpoint (NTS)

A bistable trip setpoint in plant Technical Specifications or plant administrative

procedures. This value is the nominal value to which the bistable is set, as accuratels

as reasonably achievable

® Normalization

he process of establishing a re! ationship, or link, between a process parameter and an

instrument channel. This is in contrast with a calibration process. A calibration

process i1s performed with independent known values, i.e.. a bistable is calibrated to

Change state when a specifi voltage is reached. This voltage corresponds to a process

parameter magnitude with the relationship established through the sc aling process. A
normalizanon process typically involves an indirect measurement. e £., determination

of Steam Flow via the Ap drop across a flow restrictor. The flow coefficient is not

known for this condition, effectivel ' an orifice theretore a mass balance between

Feedwater Flow and Steam Flow can be made. With the Feedwater Flow known

through measurement via the veituri. the Steam Flow s normalized

® Process Loop (Instrument Process Loop)

he process equipment for a single channel of a protection function




® Process Measurement Accu

Allowance for non-instrument related effects which have a direct beanng on the

accuracy of an instrument channel

reading, e g, temperature stratfication in a largs

Hameter pipe, fluid density in a pipe or vessel

® Primary Element Accuracy (PEA)

Uncertainty due to the use of a metering device, e.g., venturi, orifice, or elbow

Typically, this is a calculated or measured accuracy for the device

® Process Racks

'he analog modules downstream of the transmitter or sensing device, which condition

a signal and act upon it prior to input to a voting logic system. For Westinghouse

process systems, this includes all the equipment contained in the process equipment

cabinets, e.g., conversion resistor, transmitter power supply, R/l lead/lag, rate, lag

functions, functon generator, summator, control/protection isolator, and bistable for

analog functions. The go/no go signal generated by the bistable is the output of the

last module in the analog process rack instrument loop and is the input to the voting

l“;'l\

Resistance (R) 10 voltage (E) conversion module. The R D output (Change in

resistance as a function of temperature) is converted to a process loop working
] e

parameter (voltage) by this analog module




" k.I-L Calibration ACCUurag y ’k( A )

The reference alibration) accuracy, as defined by SAMA Standard PM(

for a process loop string.  Inherent in this definition is the verification of the foll wing
under a reference set of conditions: 1) conformity <) hysteresis'” and

') repeatability™. The Westinghouse definition of a process loop includes all modules
in & specific channel. Also it is assumed that the individual modules are calibrated u
4 parucular tolerance and that the process loop as a string is verified to be calibrated
0 & specific tolerance. The tolerance for the string is typically less than the arithmetic
sum or SRSS of the individual module tolerances. This forces calibration of the
process loop without a systematic bias in the individual module calibrations. i.e.. as

left values for individual modules must be compensating in sign and magnitude

For an analog channel, an ind vidual module is typically calibrated to within |

1", with the entire process loop typically calibrated to within {

® Rack Comparator Setting Accuracy (RCSA)

e reference (calibration) accuracy. as defined by SAMA Swandard PMC 20.1-1973!

of the instrument loop comparator (bistable). Inherent in this definition is the

4
verificaton of repeatability™ under a reference set of conditions. For a single input

bistable (fixed setpoint) the typical calibration tolerance is | | . This
assumes that comparator nonlinearities are compensated by the setpoint. For a dual
input bistable (floating setpoint) the typical calibration tolerance is {
Ihis allows for nonlinearities between the two inputs. In many plants calibration of
the bistable is included as an integral part of the rack calibration, i.e., string

calibration




® Rack Drift (RD)

The change in input-output relationship over a period of time at reference conditions.
€.8. at constant temperature. A typical allowance value assumed for this parameter is
£1.0% span for analog channels. An example of RD is: for an “as found" value of
“0.5% span and an “as left" value of +0.1% span, the magnitude of the drift would be
((-0.5) < (40.1) = <0.6% span) in the negative direction. For this evaluation, &
maximum surveillance interval of 3 months was assumed when projecting drift
allowance, as noted in the uncertainty tables.

® Rack Measurement & Test Equipment Accuracy (RMTE)

The accuracy of the test equipment (typically a transmitter simulator, voltage or
current power supply, and DVM) used to calibrate a process loop in the racks. When
the magnitude of RMTE meets the requirements of SAMA PMC 20.1-1973' it is
considered an integral part of RCA. Magnitudes in excess of the 10:1 limit are
explicitly included in Westinghouse calculations.

® Rack Temperature Effects (RTE)

Change in input-output relationship for the process rack module string due to a change
in the ambient environmental conditions (temperature, humidity, voltage and
frequency) from the reference calibration conditions. It has been determined that
temperature is the most significant, with the other parameters being second order
effects. For process instrumentation, a value of | ™ is used for analog
channel temperature effects. It is assumed that calibration is performed at a nominal
ambient temperature of +70 °F with an upper extreme of +120 °F (450 °F AT) and a
lower extreme of +40 °F.



w kdh;‘("

[he upper and lower limits of the operatung region for a device, e.g., for a Pressurizer
Pressure transmitter, 1700 to 2500 psig, for Steam Generator Level approximately
120.8 10 31.5 inches of water column. This is not necessarily the calibrated span of

the device, although quite often the two are close. For further information see SAMA

PMC 20.1-1973"

® Safety Analysis Limit (SAL)

the parameter value assumed in a transient analysis or other plant operating limit at

which a reactor trip or actuation function is initiated

¢ Calibration Accuracy (SCA)

he calibration accuracy for a Sensor or transmitter as defined by the Millstone Unit 3
calibration procedures. For transmitters, this accuracy i typically |

| as defined by NNECO Procedures. | tlizing Westinghouse
recommendations for RTD cross-calibration, this accuracy is typically | "™ fon

the Hot and Cold Leg RTDs

® Sensor Drft (SD)

'he change in input-output relationship over a period of time at reference calibration
conditions, e.g., at constant temperature. An example of SD is: for an "as found
value of +0.5% span and an "as left" value of +0.1% span, the magnitude of the drift
would be {(+0.5) - (+0.1) = +0.4% span) in the positive direction. For this

evaluation, a maximum surveillance interval of 30 months was assumed when

projecuing dnift allowance with exceptions as noted in the uncertainty tables

18




® Sensor Measurement & Test Equipment Accuracy (SMTE)

he accuracy of the test equipment (typically a high accuracy local readout gauge and

DVM) used to calibrate a sensor or ranemitter in the field or in a calibration
{

laboratory. Wher the magnitude of SMTE meets the requirements of SAMA PM(

¢ 20.1-1973" it is considered an integral part of SCA. Magaitudes in excess of the 10:)
limit are explicitly included in Westinghouse calculations
® Sensor Pressure Effects (SPE)
L
. e change in input-output relatonship due to a change in the static head pressure
from the calibration conditions or the accuracy to which a corraction factor is
introduced for the difference between calibration and operating conditions for a Ap
. transmitter
® Sensor Temperature Effects (STE)
The change in input-output relationship due to & change in the ambient environmental
conditions (temperature, humidity, voltage and frequency) from the reference
calibration conditions. It has been determired that temperature is the most significant
with the other parameters being second orcier effects. It is assumed that calibration is
performed at a nominal ambient temperature of +70 °F with an upper extreme of
% +120 °F and a lower extreme of +40 °F
k4
4 ® Sensor Reference Accuracy

he reference accuracy that is achievable by the device as specified in the
manufacturers specification sheets. Reference (calibration) accuracy for a sensor
transmitter as defined by SAMA Stardard PM(

U |

20,1-1973'""  Inherent in this




definition is the verification of the following under a reference set of conditions: 1)
conformity™, 2) hysteresis'” and 3) repeatability'®. This term is introduced into the
uncertainty calculation to address repeatability concerns when only performing a
calibration, i.e., one up and one down or repeatability and hysteresis when performing
a single pass calibration in only one direction.

® Span
The region for which a device is calibrated and verified to be operable, e.g.. for a Pressurizer

Pressure transmitter, 800 psi, for Steam Generator Level, approximately 89.3 inches of water
column. For Pressurizer Pressure, considerable suppression of the zero is exhibited.

® SRSS

Square root of the sum of the squares, ie.,

€ =V« (B + (e)
as approved for use in setpoint calculations by ISA Standard S67.04-1994",

® Towl Allowance (TA)

The calculated difference between the Safety Analysis Limit and the Nominal Trip

Setpoint (SAL - NTS) in % instrument span. Two examples of the calculation of TA
are:



B Steam Generator Ley

SAl
NTS

TA

If the instrument span= 100% LVL, then

4 o (18% level) + (100% span) _ .o
o (100% leved e

® Pressurizer Pressure - Low Trip

SAl 1860 psia
NTS 1900 psia

TA 40 psia

If the instrument span = 800 psi, then

« 140 poia) « (100% span) _ ¢ 0o
TA (600 peic) span

i3 Cvoss Reference - SAMA PMC 20.1-1973 and ANSI ISA.S51.1-1979

SAMA Standard PMC 20.1-1973, "Process Measurement & Control Terminology” is no
longer ir print and thus is unavai! ble from SAMA. It has been replaced by ANSI/ISA
551.1-1979, "Process Instrumentation Ferminology” and is available from the Instrument
society of America. Noted below is a cross reference listing of equivalent definitions
between the two standards for terms used in this document. Even though the SAMA standard

IS no longer available, Westir ghouse prefers and continues to use the SAMA definitions




SAMA ISA

Reference Accuracy'" Accuracy Rating®
Conformity'? Conformity, independent'®
Hysteresis'”! Hysteresis'"”
Repeatability!* Repeatability!""

Test Cycle!* Calibration Cycle'?

Test Procedures'” Test Procedures''?!
Range' Range'""

34  References / Standards

) Scientific Apparatus Makers Association Standard PMC 20.1-1973, "Process
Measurement & Control Terminology", p 4, 1973,

(2]  Tbid, p S.

(3] Ibid, p 19.
(4] Tbid, p 28.
(5]  1Ibid, p 36.
(6]  TIbid, p 27.

7] Instrument Society of America Standard $67.04-1994, “Setpoints for Nuclear
Safety-Related Instrumentation”, p 18, 1994,

(8] Instrument Society of America Standaid $51.1-1979, "Process Instrumentation
Termirology”, p 6, 1979,

Q) Ibid, p 8.

[10]  1Ibid, p 20.

(11] Ibid, p 27.

(12] 1Ibid,  33.

[13] 1Ibid, p 25.
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TABLE 3.1
POWER RANGE. NEUTRON FLUX - LOW & HIGH

Parameter Allowance'

Process Measurement A urac s

Primary Element Accuracy

Sensor Calibration Accura

Measurement & Test Equipment Accuracy

|

Sens~t Pressure Effects

Sensor Temperature Effect

|

Sensor Dnfy

Environmental Allowance
Bias

Rack Calibration
Rack Accuracy

Measurement & Test Equipment Accuracy

Comparator
Rick Temperature Effect
Rack Drifi

lag No.%

In percent span (120% RTP

Channel Swuatistical Allowance =




POWER RANGE, NEUTRON FLUX - HIGH N-1 LOOP OPERATION

|
i
|
TABLE 3.2 ‘
\
|
Parameter Allowance’ ‘

Process Measurement Accuracy
[ o
|

]ou
Primary Element Accuracy

Sensor Calibration Accuracy
( ™

p
|
|
l
|
|
|
|
|
i

Measurement & Test Equipm at Accuracy |

l 1 I
l

€ensor Pressure Effects l

|

Sensor Temperature Effects |

[ - l
|

Sensor Drift |

( - :

Environmental Allowance |

|

Bias |

|

Rack Calibration l

Rack Accuracy |
Measurement & Test Equipment Accuracy |
|

Comparator :

Rack Temperature Effect |

I

Rack Drift |

L

Tag No.% - Nd1, N42, N43, N4

" In percent span (120% RTP)
Channel Statistical Allowance =

“wi

,
|
|
|
|
|
L

PR S ——
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TABLE 3.3

POWER RANGE, NEUTRON FLUX HIGH POSITIVE AND NEGATIVE RATE

Parameter

H?ummmm:ncy

)Nl
Primary Element Accuracy

Sersor Calibration Accu vy
|

l'M
Measurement & Test Equipment Accuracy
Sensor Pressure Effects

Im‘lemm

]m

Sensor Drift
[

Jous
Environmental Allowance
Bias
Rack Calibration
Rack Accuracy
Measuresnent & Test Equipment Accuracy
Comparator
Rack Temperature Effect
Rack Drift

Tag No.¥ - Na I, N42, Nd3, Nad

" In percent span (120% RTP)
Channel Statistical Allowance =

B T eae—s

Allowance’

’
|
|
|
|
|
I
|
|
I
|
|
I
|
|
|
I
|
|
I
|
I
|
|
|
|
|
|
|
|
|
|
|
|
I
|
L

e e e o e o ———— o “—— A — Vo S—iit D i S it i . i e e i i i i)
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TABLE 34
INTERMEDIATE PANGE NEUTROM FLUX

Parameter Allowance’

Process Measurement A

Primary Element Accurad s

Sensor Calibration Accura

Measurement & Test Equipment Accuracy
Sensor Pressure Effect

Sensor Temperature Effects

|

Sensor D

Environmental Allowance
Bias

Rack Calibration
Rack Accuracy

Measurement & Test Equipment Accuracy

Comparator
Rack Temperature Effect

Rack Drifi

Tag No. % NiS N

In percent span (120% RTP)
Channel Statistical Allowance




FABLE 3.8
RCE RANGE NEUTRON FLUX

Parameter Allowance’

Process Measurement Accura

Primary F'e “ent Accuracy

sensor Calibration Accuracy

Measurement & Test Equipment Accura

Sensor Pressure Effects

Sensor Temperature Effects

Sensor Drift

Environmental Allowanc:
Bias
Rack Calibration
Rack Accrrac
Measurement & Tast Equipment Accuracy
Comparator

Rack Temperature Effect

Rack Drifi

Lag No.y vil, N32

In percent span (10" ¢ ps)
Channel Statstical Allowance =




TABLE M6
OVERTEMPERATURE AT (CORE BURNDOWN EFFECTS) (N LOOP
(Rosemount Model 1154GP9 Transmitter for Pressurizer Pre

Assumes re-normabization of AT, T", and 1

wUil

Parameter Allowance'

Process Measurement ACCurac

Primary Element Accuracy

Sensor Calibration AcCwiacy

|

Sensor Reference Accuracy

Measurement & Test Equipment Accuracy

Sensor Pressure Effacts

Sensor Temperatwe Effects

Sensor Dnft

Environmental Allowance
\

Rack Calibration Accuracy
\




TABLE 36 (conti~ued
OVERTEMPERATURE AT (CORL BURNDOWN EFFECTS) (N L OP)
(Rosemount Model 1154GP9 Transmitter for Pressurizer Pre
Assumes re-normalization of AT, TV, and 1

ssure )

Parameter Allowance'

Measurement & Test Equipment Accuracy

A "”'K“" alor

(Included in string calibration)
Rack Temperature Effect

Rack Drift
\

Tag Numbers - TE411A, TE411B. PT455. N4
TEA21A, TE421B, PT456, N42

In percent AT span (AT - 90.3°F;. Tavg - 100°F

Pressure - 804 psi
Power - 150% RTP: Al - +60% Al: 9013 I

span = 150% power)

Channel Statstical Allowance




FTABLE AY
OVERPOWET AT (CORE BURNDOWN EFFECTS) (N LOOP
Assumes re-normalization of AT, T, and 1
Parameter

Allowance'

Process Measurement Accura

Primary Element Accuracy

aensor Cahibration Accuracy

Measurement & Test Equipment Accuracy
Sensor Pressure Effect
sensor Temperatuse Effects

Sensor Drift

Environmental Allowance

Rack Calibration Accuracy

Measurement & Test Equipment Accuracy

Lomparaton

(Included in string calibration)
Rack Temperature Effect

Rack Drift

fag Numbers - TE411A, TE411B, TE411A TEA31IB, TE421A, TE421B, TE441A. TE441B

In peccent AT span (AT - 90.3% Tavg - 100°F; Power S50% RTP:. o F span |SO% power)




TABLE 3.7 (continued
OVERPOWER AT (CORE BURNDOWN EFFECTS) (N LOOJ
Assumes re-normalization of AT, T". snd 1

Channe! Statistical Allowan




TABLE A%
OVERTEMPERATURY (CORE BURNDOWN EFFECTS) (N-1 LOOP

Rosemcunt Model 1154GPY Transmitter for Pressurizer Pre Sure

Assumes re-normalization of AT T, and 1

Parameter Alowance'

Process Measurement Accura

Primary Element Accuracy

sensor Calibration Accuracy

Sensor Reference Acouracy

Measurement & Test Equipment Accuracy

Sensor Pressure Effects

sensor Temperature Effects

Sensor Drift

Environmental Allowance

Fack Calibration Accuracy




TABLE A8 (continued)

(Roseinount Model 11°3GPY Transmiwer for Pressurizer Pressure)
Assumes re-normalization of AT, T, and T'

Parameter

Measurement & Test Equipment Accuracy
Im
]M
™
rl.l

— — — — i —

"Ct

Comparator
(Included in string calibration)

Rack Temperature Effect

Rack Irift
| o

l "ll
( s
{ ™

Tag Numbers - TE411A, TE411B, PT455, N4|
TE421A, TE421E, PT4S6, N42

" In percent AT span (AT - 87.0°F; Tavg - 100°F; Pressure - 800 psi;
Power - 150% RTP; Al - #60% Al; £7.0°F span = 150% power)

Channel Statistical Allowance =
r
|
|
I
|
|
|
|
!
I
|
|
l
|

L

LE

OVERTEMPF 'ATURE AT (CORE BURNIPOWN EFFECTS) (N-1 LOOP)

e T T T ——
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TABLE 39

OVERPOWER AT (CORE BURNDOWN EFFECTS)

Assumes re-normalization of AT, 7", and 1

Parameter

Process Measuremen; Accuracy

Primary Element Accuracy

Sensor Calibration Acourae

Measurement & Test Equipment Accuracy
Sensor Pressure Effects
sensor Temperature Effects

sensor Dnift

|

Environmental Allowance
Rack Calibration Accuracy

Measurement & Test Equipment Accuracy

Comparator
included in string calibration)

Rack Temperature Effect

Rack Drift
Tag Numbers - TE411A, TE411B, TE431A, TE431B. TE421A TE421B

In percent AT span (AT - 87.0°F; Tavg - 100°F; Power - 150% RTP

3+

Q : \

Allowance’

(N-] LI w
TE441A, TE441B
R7.0° Span = 150

-

power)




TABLE 3.9 (continued)
OVERPOWER AT (Core Bumdown Effects) (N-1 LOOP)
Assumes re-normalization of AT, 1", and T'

Channel Statistical Allowance =

———— e — — —
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PRES' URIZER PRESSURE - LOW & HIGH
(ROCEMOUNT 1154GP9 TRANSMITTER)

Parameter

Process Measurement Accuracy
Primary Element Accuracy

Sensor Calibration Accuracy
Sensor Reference Accuracy

Measurement & Test Equipment Accuracy
Sensor Pressure Effects

Sensor Temperature Effects

Sensor Drift (30 months)

Environmental Allowance

| il

Rack Calibration
Rack Accuracy

Measurement & Test Equipment Accuracy

Comparator
String Calibrated

Rack Temperature Effect
Rack Drift

Tag No.s - PT457, PT458

" In percent span (800 psia)

Channel Statistical Allowance =

-
)

t
l
l
|
l
L

TABLE 3.10

36
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TABLE 3-11
PRESSURIZER PRESSURE - §I
(ROSEMOUNT 1154GP9 TRANSMITTER)

Parameter

Process Measurement Accuracy
Primary Element Accuracy

Sensor Calioration Accuracy
Sensor Reference Accuracy

Measurement & Test Equipment Accuracy

Sensor Pressure Effects

Sensor Temperature Effzcts
Included in EA tern

Sensor Drift (30 months)
Eavironmental Allowance

( =

{ o

[ ]«.z

Bias
{

]‘tt
Rack Calibration

Rack Accuracy

Measurement & Test Equipment Accuracy

Comparator
String Calibrated

Rack Temperature Effect
Rack Drift

Tag No.s - PT457, PT458

* In percent span (800 psia)
Channel Statistical Allowance =

B Rt 1

37

Allowance'
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TABLE 3-12
PRESSURIZER WATER LEVEL - HIGH (VERITRAK 76DP1 TRANSMITTER)

Parameter Allowance'

Process Measurement Accuracy
[

( e
Primary Element Accuracy

Sensor Calibration Accuracy
Sensor Reference Accuracy

Measurement & Test Equip.nent Accuracy
Sensor Pressure Effects

Sensor Temperature Effects

Sensor Drift (30 months)

Bias
[ g
{

Rack Calibration

Rack Accuracy
Measurement & Test Equipment Accuracy

Comparator
String Calibrated

Rack Temperature Effect

Rack Drift

Rt s e dinmes i sl st S it sas s it s e i e Gl e ot S s s il it et et bt e Sy iy il

,
|
l
|
l
|
I
|
|
l
|
|
|
!
|
|

Environmental Allowance |
I
|
]
I
|
l
|
|
l
l
l
l
|
I
l
L

Tag No.§ - LT-459

* In percent span (100%)

Channel Statisdcal Allowance =

B e ——T

RS vatess Sl
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TASLE 313

PRESSURIZER WATER LEVEL - HIGH (ROSEMOUNT 1153HDS TRANSMITTER)

Parameter

Process Measurement Accuracy
[
{

Primary Element Accuracy

Sensor Calibration Accuracy
Sensor Reference Accuracy

Measurement & Test Equipment Accuracy
Sensor Pressure Effects
Sensor Temperature Effects
Sensor Dnift (30 months)
Environmental Allowance
Bias
( Nl
[ } s
Rack Calibration
Rack Accuracy
Measurement & Test Equipmen. Accuracy

Comparator
String Calibrated

Rack Temperature Effect
Rack Drift

Tag No.§ - LT460, LT-461

" In percent span (100%)
Channe! Stistical Allowance =

g g e o

39
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Allowance'

|
|
|
l
l
|
|
I
|
|
|
|
|
|
|
l
|
|
|
I
I
I
|
I
l
|
l
|
!
|
l
l
-
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TABLE 314
STEAM GENERATOR WATER LEVEL - LOW-LOW (FLB)
(ROSEMOUNT 1154DH4 TRANSMITTER)

Parameter

Process Measurement Accuracy
| e
{ ™
( s
l l'l.(

Primary Element Accuracy

Sensor Calibration Accuracy
Sensor Reference Accuracy

Measurement & Test Equipment Accuracy
Sensor Pressure Effects

Sensor Tempereture Effects
Included in EA term

Sensor Drift (30 months)

Environmental Allowance
( ]'&C
[ g

I ™

Bias

[ ]“(

R ck Calibration
Rack Accvracy
Measurement & Test Equipment Accuracy

Comparator
String Calu cated

Rack Temperature Effect
Rack Dr.ft

Tag No.§ - LTS517, LTSI8, LTS19
LTS27, LTS28, LTS29
LTS37, LTS38, LTS39
LTS47, LTS48, LTS49
LTSS1, LTS52, LT553
LTS54

* In percent span (100%)

40
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TABLE 314 (continued)
STEAM GENERATOR WATER LEVEL LOW-LOW (FLB
(ROSEMOUNT 1154DH4 TRANSMITTER)

Channel Statistical Allowance =




Parameter

Process Measurement Accuracy
[

[
[
[
Primary Element Accuracy

Sensor Calibration Accuracy
Sensor Reference Accuracy

TABLE 315
STEAM GENERATOR WATER LEVEL - LOW-LOW (LONF)
(ROSEMOUNT 1154DH4 TRANSMITTER)

]m
g
]'C.‘

lo..t

Measurement & Test Equipment Accuracy

Sensor Pressure Effects
Sensor Temperature Effects
Sensor Drift (30 months)
Environmental Allowance

Bias
{

Rack Calibration
Rack Accuracy

]‘N‘

Measurement & Test Equipment Accuracy

Comparator
String Calibrated

Rack Temperature Effect
Rack Drift

Tag No.s - LTS17, LT518, LTS19

LTS527. LTS28, LTS29
LTS37, LTS38, LTS39
LTS47, LT548, LTS49
LTSS1, LTS52, LTSS3
LT354

* In percent span (100%)

42



TABLE 3-1%8 (continued)
STEAM GENERATOR WATER LEVEL LOW-LOW (LONF)
(ROSEMOUNT 1154DH4 TRANSMITTER)

Channel Statistical Allowance =




TABLE 316
STEAM GENERATOR WATER LEVEL - HIGH-HIGH
(ROSEMOUNT 1154DH4 TRANSMITTER)

Parameter Allowance'

Process Measurement Ace

Primary Element Accuracy

Sensor Calibration Accuracy
Sensor Reference Accuracy

Measurement & Test Equipment Accurac
Sensor Pressure Effects

Sensor Temperature Effects

sensor Drift (30 months)

Environmental Allowance

Bias

Rack Calibration
Rack Accuracy

Measurement & Test Equipment Accuracy

Lomparator
String Calibrated

Rack Temperature Effect
Rack Drift

Tag No.5

In percent span (100"




TABLE 3-16 (continued)
STEAM GENERATOR WATER LEVEL HIGH-HIGH
(ROSEMOUNT 1154DH4 TRANSMITTER)

Channel Statistical Allowance =




Parametes

Process Measurement Accuracy
Primary Element Accuracy

Sensor Calibration Accuracy
Sensor Reference Accuracy

TABLE 3.17
REACTOR COOLANT PUMP UNDERSPEED

Measurement & Test Equipment Accuracy

Sensor Pressure Effects
Sensor Temperature Effects
Sensor Drift (30 months)
Environmental Allowance

Rack Calibration
Rack Accuracy

Measurement & Test Equipment Accuracy

Comparator
String Calibr . ed

Rack Temperawre Effect

Rack Drift

Tag No.5 - SE495, SE496, SE497, SE498

" In percent span (81.013 - 106.329% RNS)

Channel Statistical Allowance =

e e el -

46

Allowance'

e o s e M e e e ey B B o R e B ok e eme s

P oo it et i s S s i it s st et e s it s s g e A e s i i ainaiis A sl

sl

*"ui



FABLE 3-18
CONTAINMENT PRESSURE - HIGH 1, H'GH 2. HIGH 3 (R¢ ISEMOUNT 1153AB6 TRANSMITTER)

Parameter Allowance'

Process Measurement -\CCuracy
Primary Element Accuracy

Sensor Calibration Accuracy
Sensor Reference Accuracy

Measurement & Test Equipment Accuracy
Sensor Pressure Effects
Sensor Temperature Effects
Sensor Drift (30 months)
Environmental Allowance
Bias
Rack Calibration
Rack Accuracy
Measurement & Test Equipment Accuracy

Lomparator
string Calibrated

Rack Temperature Effect
Rack Drift

Tag No.s - PT934, PT935, PT936, PT937

In percent span (60 psia)

Channel Statistical Allowance =




TABLE 3-19

STEAMLINE PRESSURE - LOW SI (ROSEMOUNT 1153GB9 TRANSMITTER)

Parameter

Process Measurement Accuracy
Primary Element Accuracy

Sensor Calibration Accuracy
Sensor Refersnce Accuracy

Measurement & Test Equipment Accuracy
Sensor Pressure Effects

Sensor Temperature Effects

Sensor Drift (30 months)

Environmental Allowance
[ ™

Bias
( ™

l ]'L‘

Rack Calibration
Rack Accuracy
Measurement & Test Equipment Accuracy

Comparator
String Calibrated

Rack Temperature Effect

Rack Drift

Tag No.s - PT514, PTS15, PT516
PTS24, PTS25, PT526

PTS34, PTS3S, PTS36
PT544, PT545, PTS46

" In percent span (1300 psig)

Channel Statistical Allowance =

 yaen R W

4%

Allowan e’

.
|
|
|
I
!
|
l
I
I
I
|
I
|
|
|
|
l
I
I
!
l
I
|
|
|
|
|
|
l
|
L
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TABLE 3-20
NEGATIVE STEAM PRESSURE RATE - HIGH

Parameter Allowance’

s

Process Measurement Accuracy
Primary Element Accuracy

Sensor Calibration Accuracy
{

s

Measurement & Test Equipment Accuracy
Sensor Pressure Effects

Sensor Temperature Effects
[

]'A.C
Sensor Drift
]ﬁ.&
Environmental Allowance
Rack Calibration
Rack Accurucy
Measu *ment & Test Equipment Accuracy
Comparator
Rack Temperatuie Effect

Rack Drift

e e e e e e e e e e e e e e e, e, . e, . . e . . e e, e s, e e e, e i
R s i St S oty s s, S <t e et i s i e S v o <t e S s i e y— it o i s oy s i

Tag No.s - PTS14, PTS15, PT516
PTS24. PTS25, PT526
PT534, PTS3S, PTS36
PT544, PT545, PT546

* In percent span (1300 PSIG)
Channel Statistical Allowance =

- e

)
|
|
|
|
!
|
|
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TABLE 3.21
RCS LOW FLOW (N LOOP) (ROSEMOUNT 1153HDS TRANSMITTER)

Parameter
Process Measurement Accuracy
[ ™
[ ™

Primary Element Accuracy
| o

Sensor Calibration Accuracy
[ "

Sensor Reference Accuracy | {

Measurement & Test Equipment Accuracy
[

Sensor Pressure Effects
{

Sensor Temperatui > Effects
[

Sensor Drift (30 months)| I

Environmental Allowance

Bias | .

Rack Calibration
Rack Accuracy [ J™
Measurement & Test Equipment Accuracy |

Comparator
String Calibratea

Rack Tempe:ature Effect | |
Rack Drift | e

Tag No.s - FT414, FT415, FT416, FT424, F 25, FT426
FT434, FT435, FT436, FT444, FT445, FT446

* In percent span (120% flow)
Channel Statistical Allowance =
r

|
|
|
|
L
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TABLE 3-22
RCS LOW FLOW (N-1 LOOP) (ROSEMOUNT 1153HDS TRANSMITTER)

Parameter

Process Measurement Accuracy
[ ]ﬁc

[ ™

Primary Element Accuracy

l |
Sensor Calibration Accuracy

( ]QA‘
Sensor Referc..ce Accuracy | | s

Measurement & Test Equipment Accuracy
| g

Sensor Pressure Effects

[ o

Sensor Temperature Effects
{ ™

Sensor Drift (30 inonths)| ™

Environmental Allowance

B‘” [ ]0;:

Rack Calibration
Rack Accuracy | g
Measurement & Test Equipment Accuracy |

Comparator
String Calibrated

Rack Temperature Effect | o
Rack Drift | "™

Tag No.s - FT414, FT415, FT416, FT424, FT425, FT426
FT434, FT435, FT436, FT444, FT445, FT446

" In percent span (120% flow)

Channe! Statistical Allowance =
r

|
|
i
'g
|
|
L
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TABLE 323
TAVG, LOW AND LOW-LOW

Parameter Allowance'

Process Measurement Accuracy (hot leg streaming)(pmaTh)
Beta (hot leg streaming stability-inroduced on the los:
of & hot leg RTD)
Primary Element Accuracy

Sensor Calibraticn Accuracy (scand)
Sensor Reference Accuracy (srand)

Measurement & Test Cquipment Accuracy (smie)
Sensor Pressure Eftects

Sensor Temperature Effects

Sensor Drift (30 months) (sdnd)

Environmental Allowance

Bias
( R

Rack Calibration Accuracy
Tavg (tcal)
R/E (recal)
Alpha (accuracy of hot leg streaming bias on the loss
of a hot leg RTD)

Measurement & Test Equipment Accuracy
Tavg (tmte)
R/E (remte)

Comparator
String Calibrated

Rack Temperature Effect (trte)

e e e e e e e e e e o e e e s e e e e o e e e e o e e . e . e e e ey

Rack Drift (urd) |

Tag No.s - TE411, TE421, TE431. TE44]

" In percent span (100 °F)
+ Number of hot leg RTDs used
++ Number of cold leg RTDs used

52



TABLE 3-23 (continued)
TAVG, LOW AND LOW-LOW

snd = (smtertd + sdnd)’ + (scand + smtend)’ + srand’ = 0.9

re = (remte + rerd)’ + (recal + remte)’ = 0.2

track= (tmte + trd)’ + trte’ + (tcal + tmie)’ + alpha’ = 1.2

Channel S*atistical Allowance =

B T
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REACTOR PROTECTION
ACTUATION LYSTEM ¢
; - -
\ ] ] . s v Y
MEASUREMENT |
PROCESS PRIMARY » ST
PROTECTION OMAMME . MEASURENENT | ELEMENT CALBRA WON | WFERENCE EQUPMENT PRESSURE | TEMPERATLRE
ACCURACY ACCURACY ACCLURACY ACOACY COCURACY BFECTY BFECTS
i) m

POWER SANGE. MEUTHON FLUX - WIGH SETPONT

POWER RANGE. NEUTRON FLUX - LOW SETROMT

POWER IANGE. MEUTRON FLUX . HIGK SETPOINT (N1 LOOP)

POWER RANGE. MEUTHON FLUX - M3 POSITIVE & NEGATIVE RATE

=

INTERMEDIATE RANGE, NEUTRON FLLX
SCLRCE RANGE, NEUTRON FUX
OVEATEMPERATUE 41 A7 CHANNEL
Lt g
TAVG CHANNEL
PRESSURIZER PPESSURE CHANNEL
Kal) CHANNEL
To OVERPOWER o7 A7 CHAMNEL
L0
Tawg CHANNEL —
8| OVERTEMPERATURE AT
N1 LOOR)
10| OVERPOWER a1
N1 LOOM

=

PRESSURIZER PRESSUNE - LOW. REACTOR THS

(FOSEMOUNT 1154699 XMITTER)

(ROSEMOUNT 115465 XMITTER)

(ROSEMOUNT 115305 XMITTER)

1085 OF FLOW IN LOOP)

(ROSEMOUNT 115308 XMITTER

LO8S OF ROW v 1 LOOM

ROSEMOUNT 1150MDS CMITTER)

STEAM GEMNE WTOR WATER LEVEL - LOW-LOW fr LB

(ROSEMOUNT 1154004 XMITTER)
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TABLE 3258
OVERTEMPERATURE AT CALCULATIONS
(Rosemount 1154GP9 Transmitter for Pressurizer Pressure)

8 The equation for Overtemperature AT

- x.~-~*-}-."£ (T-T)+ K (F - P) - £, (AD) )

(1

K, (nominai : 20 Technical Specificatron value
K, (max)

K = (0.02456/°F

K Q001311 /psi

Vessel AT = 602 °" (N Loop)

Vessel AT = S8.0°F (N-1 Loop)

Al gain = 1.98% RTP/% Al

® Full power AT calculation

AT span -
Al span

® Process Measurement Accuracy Calculations

Presumes normalization of AT, and T to as found full power indicated values




TABLE 3-25 (continued)
OVERTEMPERATURE AT CALCULATIONS
(Rosemount 1154GP9 Transmitter for Pressurizer Pressure)

Al - Incore / Excore Mismatch

s

T e
R e i s it el

Al - Incore Map Delta-1

-

el e e
s e st coiine sl

® Pressure Channel Uncertainties

.
Gain = f
L

i

e

SCA =
SRA =
SMTE =

STE =

“ar

RCA =

e, s s i vnd). W s s chntane s anm— av—————— i il

RD =

e R e i (R TR e b e e |
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TABLE 325 (continued)
OVERTEMPERATURE AT CALCULATIONS
(Rosemount 1154GP9 Transmitter for Pressurizer Pressure)

® Al Channel Uncertainties

Gain = I
L
r
RCA = |
|
RMTE = {
RD = !
L

® Total Allowance

B g T A

» Same result for N-1 Loop
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TABLE 3.26
OVERPOWER AT CALCULATIONS

® The equation for Overpower AT

or S1oe® -

AT, (1 + ‘;S) < K, - Ks('(i""“'—"s)) r-K[r-mM)

K. (nominal) = 1.09 Technical Specification value

K. (max)

0.0 tor decreasing average lemperature

0.02 for increasing average temperature (sec/

O.0018/F
essel Al = 60.2 °F (N Loop)

Vessel AT = 58.0°F (N-1 Loop)

® Full power AT calculation

AT span = |

AT span =

® Process Measurement Accuracy Calculations

Presumes normalization of AT, and T" to as found full power indicg




TABLE 3-26 (Continued)
OVERPOWER AT CALCULATIONS

8 Total Allowance

s

el e —.
| SN S |

= Same results for N-1 Loop
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TABLE A7
AP MEAS"'REMENTS EXPRESSED IN FLOW UNITS
1§ Y In X e d as pey ntool spa i transmatier appli throughwt the measured pan, |
k1.5 1O and he \} £ 1.5 inche sivwhere in thy Spat Becau } HAP) the same annot W o
oW BCCurngie When 1t is more mvenent 1o expre the accura A transmitter in flow terms., th
TOHO ving method 15 used
{ , where N Non Wl "W
l“| A;. wher Nominal Fl
) L(iu . " “‘“".
dAP,
thu o u lAl :
'.l .
WAl A poat (not i percent) is
oF, oA . oA o
u . Eq
‘. 2(F ) ,lAl"Q
nd
Al R {} " )
- Bq. 3-2
A‘w ¥ )
where max = maximum flow and the transmitter AP error s
JAP,
(100) = percent ermror in Full Scale AP | ¢ FS AP) ’.‘
N”-
61




herelon

Error in flow units |

!
l“\ ¢ FS AP
'I(,'Hl(nlw

o i

Error in percent nominal flow |

oF,
(100)
’u

% ¢

grror in percent full span is

{
of ' ‘ ‘
*(100) « | ':'\(i A
f f | (2 100) |

ma A )

&).‘ (S N‘

Equation 3.2 § used 10 express errors in percent full span wn this document
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4.0 APPLICATION OF THE SETPOINT METHODOLOGY

Uncertainty Caiculation Basic Assumptions/Premises

he equations noted in Sections 2 and 3 have several basic premises which were determined

by a systematic review of the calibration and drift determination procedures hzed

Uil ze atl

Millstone Unit 3 and statistical evaluations of data for the

RPS/ESFAS functions noted in Tables 3.1 through 3-24 of this document

|) the instrument technicians make reasonable attempts to achieve the Nominal Trip

Setpoint as an “as left” condition at the start of each process rack’s surveillance

interval

’) the instrument technicians make reasonable attempts to achieve a nominal "as left

condition at the start of each sensor/transmitter s survelllance interval

1) the process rack drift is evaluated (probability distribution function ¢ wracteristics

and drift magnitude) over multiple surveillance intervals

4) the sensor/transmitter drift is trended over the tuel cycle and evaluated (probability

distribution functior characteristics and drift magnitude ) oves multiple fuel cycles

3) the proccss rack calibration accuracy is evaluated (probability distribution fur~tio

characteristics and calibration magnitude) over multiple surveillance intervals

0) the sensor/transmitter calibration accuracy is evaluated (probability distribution

function characteristics and calibration magnitude) over multiple surveillance

intervals




o &1 I the by
muluple calibration

many tunctons ‘ i ‘commended b

5) the sensor/transmitters are calibrated using Io0wn) pass utilizing

multiple calibration points (minimum 4 points and for many functions - § points

recommended by ISAS].]

It should be 1 ed for () and () tnat 11 18 not necessary for the instrument leCluucian 1o recalibrate &

device or channel if the "as left" condition (s not exactly at the nominal condition but s within the
plus or minus of nominal "as left” procedural tolerance. As noted above. the uncertanty calculation
assume that the “as left” tolerance (conservative and NON-CoNServ ative direction) i1s sausfied on a
reasonable, staustical basis, not that the nominal condition is satisfied exactly W estinghouse has
tatistically evaluated the "as left” condition for the RPS/ESFAS process rack channels and

sensor/iransmitiers tor Millstone Unit 3 over multiple calibration cycles. This evaluation determined

that the SCA and RCA parameter values noted in Tables 3.1 through 3-24 were satisfied on at least a

probability / 95% confidence level basis. For those instances where n n-conservative biases in

alibration were noted, the biases were factored int the uncertainty calculations. Calibration biases

OF sensor/transmitters were considered as non conservative since sensor/transmitter signals are used

Or both control and protectica and could be considered signinicant for control purmposes. 1t s
therefore necessary for the plant to periodically reverify the continued validity of these results. This

prevents the institution of nonconservative biases due to a procedural basis without the plant staffs

Knowiedge and appropriate treatment

In summary, a sensor/transmitter or a process rack channel is considered to be "calibrated” when the

left” calibraticn procedural tolerance is satisfied An instrument technician

aetennine to recalibrate if near Ye extremes of the as et procedural tolerance. but it
calibration is explicity required any tim

wiside of the "as left” procedural




lolerance without declanng the channel “inoperable” and appropnate action taken. Thus an

iolerance may be considered as an outer Hmit for the purposes of calibration and instrument

uncenanty calculation

AS pant of this effon, dnft data ("as found as left) for the sensor/transmitters and th proces

viaduated.  Multiple surveillance intervals were evaluated 1o detenmine the appropriat

V s e i 1or a4 survelllance interval of 30 months (for sensot transmiters) and months (for

NAOE proge rack modules This evaluation determined that the SD and RD parameter values noted

in Tables 31 through 3-24 were satisfied on a 9% probability / 95% confidence level hasis for the

projecied surveillance intervals, Generic Letter 9104 requires that dnft be tracked or trended on a

penodic Pasi The equations used in Sections 2 and 3 assume that dnft data is evaluated for

continuation of the validity of the basic characteristics determined by the Westinghouse evaluation

This assumption has a significant beneficial effect on the basic unce tanty equations vulized. 1.e., 1t

resulls in a reduction in the CSA magnitude

4.2 Sensor‘Transmitter Operability Determination Program and Criteria

AS & result of the review of the plant procedures, the equations noted in Sections 2 and 3 arn

significanty different from those used in previous Westinghouse uncertainty calculations. Ong aspect

i1 the equations easily noted is the significance of the calitsratio

| Process, | LIS treated a

statistically independent of the drift determination.  Another aspect 1s that if dnft and calibration are

independent processes, then the determination of equipment operability 1s changed, i.e.. it is not the

anthmetic sum of the two uncenainties. Millstone | nit

and Westinghouse have agreed upon a set

Ol crilena that may be used for equipment operability determination which are controlled by plant

procedures and processes, as opposed to the plant Technical specifications. The principle criterion for

sensortransmitter operability, as a first pass parameter, 1s dnft (" as found S len letermined t

be within SL, where SD is the 9505 drift value determined for that spe

Pressure transmitter. ‘This would require the mstrument tech:

ucian 1o




Tound nditions and pert L Calculation in th

o Hlll‘hh'u.l,‘l‘ al th tme Sy inowould reguirn

I dnft determinati | records avatlability/control problem I

utemative 1s th

y hixed magnitud 5 tound tolerance about the nominal valu It was agreed tha

| reasonable value for this wlerance is SMTE + SD. wnere SD is again the 9505 drift value aad

SMTY

1§ as defined in the uncertainty calculations and identified in the Milistone Unit 3 procedure

reviewed by Westinghous The value of this sum i explicitly noted for each RPS/ESFAS function in

Table 4-1 of this document. This criterion can then b incorporated into plant function specifi

calibration and drifi procedures as the defined "as found' 1 lerance about the desired. nominal value

second cnitenon the ability to calibrate the sensortransmitter within the two-sided "as left

tolerance. If the device drift is found outside the SMTE + SD (or "as found") criterion. the dnft

Charactenstics may be evaluated Incorporating the previous experience for that specific device. The

TESponse tume charactensucs may also be evaluated on a qualitative and if necessary, a quantitative

basis

o has also been agreed by Millstone Unit 3 and Westinghouse that monitoring tl

sensor/transmitier response with the average of its peer devices utithzing data available online
{4 :

penadically over the entire cycle is an additional check on Operability.  This additional check provides

i reasonable substitute for the use of a relative SD term (as recommended in the Westinzhouse paper

presented at the ISA/EPRI conference of June, 1994 When an appropriate acceptance criterion i

utilized, it then allows the use of SMTE + SD as a first pass operability criterion.  The acceptance

crilenon agreed upon between Millstone Unit 3 and Westinghouse is a relative deviauon of +0.5

Span from the beginning of cycle difference value. A relative shift of this magnitude has been

letermined 1o be an appropriate indication of device drift w arranting turther investigation

It is believed that the Millstone Unit 3 systematic sensor transmitter program of drift and calibration

FEVIEW IS acceptable as a set of first pass critenia.  More elaborate evaluation and more frequent onling

mononng may be inCluded, as necessary, if the drift is foun 1 10 be excessive or the

device is found

difficult to calibrate. To provide additional confidence in the evaluaton process, Millstone Unit 3 ha

10 utthze a function indication match cntenon al the beginning of each cvele to determine t




ptability of the calibration process for the transmitter and that porton ol the channel encompassed

through the indicator, Based pelieved that the wotal program proposed for Millston

will proviae a more nsive evaluation of aoperability than a impie determination

weeptable as found

43 Process Rack Operability Determination Program and Criteria

A similar program to that described for sensor/transmitters has beer letermined for the process rack
However, since the surveillance interval for the process racks is significantly shorter than the

sensortransmitter (5 months vs 30 months) and the process racks are accessible at power, the pr

does not have 10 be as comprehensive. The parameter of most interest as a first pass operability
crtenon 1s dnft ““as found as left”) found to be within RD where RD is the 9595 drift value

determined for that channel. However. this has the same difficulties as the dnft detenrination for a

Sensortransminier, 1.e., records of the "as left” condition must be available for field use in a ¢ alculation
with the same records availability/control problems. A similar altemative may be used for the process
was agreed « pon for the sensor/transmitter, a fixed magnitude. two-sided "as found" t nerance

about the nominal trip setpoint. Presuming similarity with the transmitter program. it would be

reasonable for this "as found" tolerance to be RMTE + RD, where RD is the 9595 drift value and

RMTE is as defined in the uncenainty calculations and identified in the Millstone Unit 3 procedures

reviewed by Westinghouse. This value is explicily noted for each RPS/ESFAS function in Table 4-1

as the Rack Operability column. However ompanson of thus value with the "as left" t werance

utitized in the plant procedures and the Westinghouse uncertainty calculations will note that this

fourd” tolerance is less than the "as left” tolerance This is due to the fact that RD is a relative dnn

magnitude as opposed to an absolute drift macnitude and that the process racks are very stable

not dnft muct Thus it is not reasonable to use this cntenon as an "as found” tolerance in an ansolute

as 1t conthicts with the secoind criterion for operability determination. That is. a channel could

be left near zero, found outside the absolute drift critenion vet be inside the calibration criteri

NOL actually have exceeded the relative drift criterion. Therefore. a more r asonable appro

plant staff was determined. The "as found" criterion based on absolute magnitude is th




as et cntenon, 1e., the allowed deviation from th Nominal IH[ ‘\«.Ip int o v uute indication

basis 1s plus or minus the "as left" toleran A process loop found inside the “as le toleran
incdicated basis i nsidered o be operable. A channel found outside the erance |

cvaluged and recalibruted. If the channel can be retumed to within the as left” wolerance. the channel

1§ considered (o be operable. This criterion can then be ing rporated into plant, function specifi
calibration and drift procedures as the defined “as found" tolerance about the Nominal Trip Setpoint

X

Al a later date, once the "as found"” data | compiied, the relative dnft ("as found as left”) can be

Calculated and compared against the Rack Operability column of Table 4-1. This ¢ mpanson can then
be utilized to ensure consistency with the a surnpnons of the uncenainty calculations documented in
lables 3-1 through 3-24. Since the channel was left within the calibration tolerance, any
determination that Table 4-1 criteria were exceeded would result in a conclusion that the affected

hardware should be watched more ¢l sely. A channel found to exceed the critenia of Table 4- |

multiple times should trigger a more comprehensive evaluation of the operability of the channel

e second criterion used for operability determination is the ability to calibrate the process rack
Channel within the two-sided “as left” wlerance. If the channel relative drift is determined to be
Outside the RMTE + RD (or operability) criterion, the drift characteristics mas be evaluated

incorporating the previous experience for that specific channel. The response tune characteristics for

the channel (or individual process rack module) may also be evaluated on a qualitative and if

necessary, a quantitative basis. There is not as much information to be gained by evaluating channel
10 average of peer channels utilizing contral board or process computer indication due to the
difference in uncenainty significance, 1.e., the uncertainty associated with a control board indicator is

significantly larger than the uncertainty associated with a inp bistable. Therefore channel to channel

Or average of channels companson is not expected to provide significant indication of operability

the process racks in any way other than in a gross manner. Thus no recommendations have heet

made in performing this process for the racks. (It should be noted that this type of comparison is

considered beneficial for transmitters and is included for that purpose in Section 4.2 by Millstone Unit

3 and Westinghouse




believed that the Millstone Unit and calibration

the process racks 1s acceptable elaborate evaluation and monito

may be included. as ne S54 anftt s found 1 CXCOSSIVE OrF th DN found difficult
calibrate. Based ‘ believed that the 1otal Process rack program proposed for

Millstone Unit 3 will pr 4 more comprehensive evaluation of operability than a simpls

determination of an acceptable "as found

44 Application to the Plant Technical Specifications

e drift operability criteria noted for the process racks in Section 4.3 are based on a statistical

evaluation of the performance of the installed hardware. Thus the values can change if the

Measurement and Test EQuipment is Changed. or the procedures used in the surveillance Process an

Changed significantly and particularly if the process rack modules themselves are changed. ¢.g., fron

pure anaiog 1o a mixture of analog and ASIC (Application specific Integrated Circuit) modules

Therefore, the operability criteria are not expected 1o be static. In fact they are expected to change as

the charactenstics of the equipment change. This does not tmply that the criteria can increase due to

increasingly poor performance of the equipment over ime. But rather just the opposite.  As new and

better equipment ana processes are instituted. the perability critena magnitudes would be expected 1o

lecrease 10 retlect the increased capabilities of the replacement equipment. For example, if the plant

purchased some torm of equipment that allowed the determination of relative drift in the

would be expected that the Rack Operability column values of Table 4 I would then be used as

as found” acceptance cnteria in the plant procedure

ections 4.2 and 4.3 are basically consistent with the recommendations Of the Westinghouse paper

presented at the June 1994, ISA/EPRI conference in Orlando F therefore, consixent with this

paper, Westinghouse recommends revision of dpecification 2.0 ety dystem Settings

Ll

Reactor Trip System Instrumentatior setpoints”, Specification ered Safety Features

ACtuation System Instrumentation - Limiting Condition for Operation”, Table 2.2-1 "Reactor [np




system Instrumentation Setpoints” and Tabl engineered Safety Features Actuation System
Instrumentation Trip Setpoint Appendix A provides the Westinghouse recommendations for
VISION OF these two specitications and table ele 5-24 (Column 16) and Tahl

|

document provide the recommended Nominal I'nip Setpoint for each RPS/ESFAS protection function
’

which was utilized in the Westinghouse uncertainty calculations and deter sined to e acceptable for

use. Table 4.1 also notes the Westinghouse recommended Ooperability ¢ aw~a for ea h RPS/ESFAS

protection function sensor/transmitter and process rack channel These rec Oluwai *ada tons are specific

o each input for multiple input functinns and should be placed in the plant proc sdures and inaintained
under plant administrative control. This is consistent with the hases sections 1o r the two specifications
provided in Appendix A. In addition, the plant operability determination proce: ses described in

Sections 4.2 and 4.3 are consistent with the Dasic intent of the ISA paper and the bases sections for

the two specifications provided in Appendix A
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APPENDIX A

SAMPLE MILLSTONE UNIT 3

SETPOINT TECHNICAL SPECIFICATIONS
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AT is measured Reactor Coolant System AT, °F
AT, is loop specific indicated AT at RATED THER

s the function generated b\' the Lead-ian compensator
e
Q

and 1. are the fime constants utilized n the lead-lag compe

pensator for
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and . are the ime constants utibzed in the

lag compensator for T
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iIs measured Reactor Coolant System average temperature

is loop specific indicated THERMAL POWER

F s measured pressurnizer pressure, psia
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THNAI pressunzer pressure
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NOTE

OVERPOWER

AT

n

is measured Reactor Coolant System AT

is joop specific indicated AT at RATED THERMAL POWER, °F

+$ T ;
is the function generated by the lead-lag compensator on measured AT
g =

. and t, are the time constants utilized in the lead-lag compensator for AT

8 sec. 1 3 sec
1.09
0.02/°F for increasing T, and K, < 0 for decreasing T__

wn

is the function generated by the rate-lag compensator for T

N

is the time constant utiiized in the rate-lag co - 2nsator for T, T 10 sec

is measured average Reactor Cooiant System temperature. F




{continued

is loop specific indicated T__ at RATED TIHERMAL POWER, < 587.1°F;

Q00180 "Fwhen T > T and K OFF when 7

Q

S is the Laplace transform operator. sec’

The channel's maximum as left trip setpoint shall not axceed its computed Trip Setpoint by more thas

the AT channel and 0.4% AT span for the Tavg channel
Setpoint is for increasing power

Setpoint is for decreasing power
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TABLE 3.3-4 (Continved)
Terl NQIATIONS

Time constants vtilzed in the leaa-ag controller for Steam Line Pressure-Low are T, > 50

seconds and 1, < § seconds. CHANNEL CALIBRATION shall ensure that these time
constants are adjusted to these values.

The time constant utiized in the rate-lag controlier for Steam Line Pressure - Negative
Rate - High Iis greater than or equal 1o 50 seconds. CHANNEL CALIBRATION shall ensure
that this time constant is adjusted to this valve.

To be prov jed by plant,
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243 and 3/4.3.2 REACTOR TRIP SYSTEM INSTRUMENIATION AND ENGINEERED SAFETY
EEATURES ACTUATION 3YSTEM INSTRUMENTATION

The OPERABILITY of the Reactor Trip System and the Engineered Safety Faatures
Actuation System instrumentation and interlocks ensures that: (1) the associated
action and/or Reactor trip will be iniriated when the porameter monitored by each
channel or combination thereof reaches it; setpoint, (2) the specified coincidence
logic is maintained, (3) sufficient redundancy is maintained to permit @ channel to be
out of service for testing or maintenance, and (4) sufficient system functional
capability is available from diverse parameters.

The OPERABILITY of there systems is required to provide the overall reliability,
redundancy, and diversity assumed available in the facility design for the protection
and mitigation of accident and transient conditions. The integrated operation of
each of these systems is consistent with the assumptions used in the safety analyses.
The Surveillance Pequirements specified for these systems ensure that the overall
system functional capability is maintained cc mparable to the original design
standards. The periodic surveillance tests performed at the mininium frequencies are
sufficient to demonstrate this capabliity.

The Engineered Safety Features Actuation System Nominal Trip Setpoints specified in
Table 3.3-4 are the nominal values at which the bistables are set for each fi nctional
vnit. The Allowable Values (Nominal Trip Setpeints + the calibration tolerance) are
considered the Limiting Safety System Settings as identified in 10CFR50.36 and have
been selected to mitigate the consequences of accidents. A Setpoint is considered
to be consistent with the nominal value when the measured "as left" Setpoint is within
the administratively controlled (2| calibration tolerance identified in plant procedures
{which specifies the difference between the Allowable Value and Nominal Trip
Setpoint). Additionally, the Nominal Trip Setpoints may be adjusted in the
conservative direction provided the delta between the Nominal Trip Setpoint and the
Allowable Value remains unchanged.

Maintenance and Test Equipment accuracy is administratively controlied by plant
procedures and is included in the plant uncertainty calculations as defined in WCAP-
10991. Operability determinations are based o1, the use of Maintenance and Test
Equipment that conforms with the accuracy used in the plant uncertainty calculation.
Maintenance and Test Equipment should be consictent with the requirements of ANS! /
ISA §1.1-1979 or the most accurate practicable.

The Allowable Valve specified in Table 3.3-4 is the initial value for consideration of
channel operability. If the process rack bistable setting is measured within the "as left"
calibration tolerance, which specifies the difference between the Allowable Value
and Nominal Trip Setpoint, then the channel is considered to be operable,
Additionally, an administratively controlied limit for operability of a device is
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42l and 3 .u...J'J." QR IRIP SYSTEM INSTRU LAND ENGINEERED SAFETY

FEATURES ACTUATION SYSTEM INSTRUMENTAT “_.'_r

determined by device drift bein g 'ess than the value required for the surveillar ce
interval. In the event the device ceeds the administratively controlied limit
operability of the device may Lw: evaivated by othe! device performance
characteristics, e.9., comparison to historical device drift data, calibratior,
characteristics, response characteristics and short term drift characteristics. A device
RTD, relay, transmitter, process rack module elc.). whose "as found" value is in excess
of the calibration tolerance, but within the operability criteria (Qadministrativel
controlied limit), is considered operable but must be recalibrated such that the "as

left” value is within the two sided () calibration tolerance. Plant procedures set
adaministrative limits (“as left" and "as founc criteng) to control the determin ow n of
operability by setting minimum standards based on the metnodology in WC 10991
and the uncertainty values included in the aetermination of the Noeminal h«;. setpnint
and allow the use of other device characteristics to ev Qluate operability. REPORTABLE
"VENTS are identified whe the minimum number of channels required 10 be operaple
are not met

9
Lased vpon combining all of the uncertainties in the channels. 'nherent in the
determination of the Nominal Trip Setpoints are the magnitudes of these channe

The methodology, as defined in WCAP-10991 to derive the Nominal Trip Setpoints

ncertainties. Sensors and other instrumentatior viiized in these channels should be
pable of operating within the gllowances ~f these uncertainty magnitudes
Qccasional drift in excess of the allows nce may be getermined to be acceptable
Dased on the other device performance characteristics “ew‘e danft in excess of the
allowance that is more than occasiona may be indicative of more serious problems

IC(

and would warrant further inves tigatior




