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1.0 INTRODUCTION

In Generic Letter 91-04," the NRC has noted that uncertainty calculations for 24-month fuel
cycles should be performed in a manner which results in values at a high probability and a
high confidence level. The implication of this is that a statistically rigorous calculation is
required. In addition, Generic Letter 91-18“ clarifies the NRC's definition of operability. In
response to these documents, Westinghouse has modified the basic uncertainty algorithm. To
address the requirements for a definitive basis for drift, explicit calculations must be 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 understanding can be function specific, i.e., is
very likely different for two functions if their calibration or operability determination processes
are different. Effort is expended to determine what parameters are dependent, 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 this technique is an increased margin in the total
allowance. For those parameters determined to be dependent, appropriate (conservative)
summation techniques are 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. Values for each parameter are to be determined when the plant-specific equipment
and procedures are specified. In all cases, margin must exist between the summation and the
total allowance.

Section 4.0 provides a description of the methodology utilized in the determination of the
APB00 Technical Specifications and an explanation of the relationship between a trip setpoint
and an operability verification.

11 References / Standards

(1] Generic Letter 91-04, 1991, "*Changes in Technical Specification Surveillance Intervals
to Accommodate a 24 Month Fuel Cycle.”

[2] Generic Letter 91-18, 1991, "Information to Licensees Regarding Two NRC Inspection

Manual Sections on Resolution of Degraded and Nonconforming Conditions and on
Operability."
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2.0 COMBINATION OF UNCERTAINTY COMPONENTS

2.1 Methodology

The methadology used to combine the uncertainty components for a channel is an appropriate
combination of those groups that are statistically and functionally independent. Those

uncertainties that are not independent are conservatively treated by arithmetic summation, and
then systematically combined with the independent terms.

The basic methodology used is the SRSS technique which has been utilized in other
Westinghouse reports. This technique, or others of a similar nature, have been used in
WCAP-10395'" and WCAP-8567.” 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

The r..ationship between the uncertainty components and the calculated uncenrtainty for a
znhannel is given in Eq. 2.1,

CSA = {(PMA)* + (PEA)* + (SMTE + SD)* + (SMTE + SCA)? + (SPE) +
(STE)? + (SRA)® 4+ (RMTE + RD)? + (RMTE + RCA)? + (RTE)?)'? +
EA + BIAS (Eq. 2.1)

where:

CSA
PMA

Channel Statistical Allowance

= Process Measurement Accuracy
PEA = Primary Element Accuracy
SMTE = Sensor Measurement and Test Equipment Accuracy
SD = Sensor Drift
SCA = Sensor Calibration Accuracy
SPE = Sensor Pressure Effects
STE = Sensor Temperature Effects
SRA = Sensor Reference Accuracy
RMTE = Rack Measurement and Test Equipment Accuracy
RD = Rack Drift
RCA = Rack Calibration Accuracy
RTE = Rack Temperature Effects
EA = Environmental Allowance
BIAS = One directional, known magnitude

As can be seen in the equation, drift and calibration accuracy allowances are treated as
rependent 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

m\2942n.wpt: 1b-050396 2



one directional with a known magnitude and are addad to the statistical sum. The calibration
terms are treated in the same radical based on the Generic Letter 91-04'° requirement for
general trending for a 24-month fuel cycle. Since the AP600 Design Certification will be
based on a 24-month fuel cycle, it is assumed that trending will be performed for AP600. This
results in a net reduction of the CSA magnitude over that which would be determined if
trending was not performed.

2.2 Sensor Allowances

Six parameters are considered to be sensor allowances: SCA, SRA, SMTE, SD, STE, and
SPE (see Table 3-33). 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 single 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
ternperature are assumed constant. The following scenario provides an example. Assume a
sensor is placed in some position in the containment during a refueling outage. After
placement, an instrument technician calibrates the sensor. This calibration is performed at
ambient pressure and temperature conditions. Some time later with the plant shut down, 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. Thus, they should have no
significant impact on the drift determination, and are, therefore, independent of the drift
allowance.

SCA, SMTE and SD are considered to be dependent for the same reason that STE and SPE
are considered independent, i.e., due to the manner in which the instrumentation is checked.
When calibrating a sensor, the sensor output is checked to determine if it is accurately
representing the input. The sensor response, measured by applying known inputs and
recording the sensor output, involves the calibrated accuracy of both the sensor and the
measurement and test equipment (M&TE). The drift equals the difference between the ¢s-
found and the previous as-left data and, therefore, involves the actual sensor drift and
calibration M&TE. The as-found calibration data indicates whether the sensor input/output
relationship was within reasonable allowances over the interval since the last calibration. The
combination of "as-left" calibration data and plant-specific sensor drift indicate whether it is
reasonable to expect the sensor to continue to perform this function for future cycles.



The calibration accuracy and drift values are combined 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 (sensor parameters only) is shown below:

SCA = 0.5%
SRA = 0.5%
SMTE = 0.5%
SPE = 0.5%
STE = 0.5%
SD = 1.0%

Excerpting the sensor portion of Equation 2.1 results in:

{(SMTE + SCA)* + (SMTE + SD)? + (SPE)? + (STE)? + (SRA)3)'"?
- 0r -
{(0.5 + 0.5) + (0.5 + 1.0)* + (0.5)* + (0.5 4 (0.5%)'? = 2.0%

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

{(SCA)* + (SMTE)* + (SD)* + (SPE)? + (STE)? + (SRA)*)'"# (Eq. 2.2)
-Or -
{(0.5)° + (0.5 + (1.0)* + (0.5)* +(0.5)° + (0.5 = 1.5%

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

Four parameters, as noted in Table 3-33, are considered to be rack allowances: RCA, RMTE,
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 determining drift in the racks for a specific channel, the processes are performed at
essentially constant temperature, i.e., ambient temperature (which is reasonably controlled).
Because of this, the RTE parameter is considered to be independent of any factors for
calibration or drift, however, the same cannot be said for the other rack parameters. Based
on this logic, these factors have been conservatively summed to form several independent
groupings (see Equation 2.1). The impact of this approach (formation of independent groups
based on dependent components) is sigrificant. For the hypothetical example of a level

m\2942n wpt: 1b-050396 4



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

RCA = 0.2%
RMTE = 0.1%
RTE = 0.25%
RD = 0.2%

Excerpting the rack portion of Equation 2.1 results in:

{(RMTE + RCA) + (RMTE + RD)? + (RTE)?)'?
-0r -
{(0.1 + 0.2)* + (0.1 + 0.2)° + (0.25)%)"% = 0.5%

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

{(RCA)* + (RMTE)? + (RD)* + (RTE)})'? (Eq. 2.3)
- Of -
{(0.2)% + (0.1)* + (0.2)* + (0.25)%)"% = 0.4%

Thus, the use of Equation 2.1 is conservative for rack effects and for sensor effects.

Therefore, accounting for dependencies in the treatment of these allowances provides 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 17 the non-instrument related effects, e.g.,
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.

mMA\2942n wpt: 1b-050396 3



2.5

Measurement and Test Equipment Accuracy

It is assumed that the equipment used for calibration and functional testing of the transmitters
and racks does not meet ISA S$51.1-1979" with regards to allowed exclusion from the
calculation. This implies that test equipment without an accuracy of 10% or less of the
calibration accuracy is required to be included in the uncertainty calculations of Equations 2.1
and 3.1. AP600 procedures will be written to specify the appropriate M&TE accuracy for
each function. These M&TE uncertainties will be included in the calculations, as seen in the
tables included in this report,

26

(1]

(2]

(3]

(4]

(5]

(6]

References / Standards

Grigsby, J. M., Spier, E. M., Tuley, C. R., "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-8568 (Non-Proprietary), July 1975.

ANSI/ANS Standard 58.4-1979, "Criteria for Technical Specifications for Nuclear Power
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 Instrumentation Symposium (2™ Annual ISA/EPRI Joint
Centrols and Automation Conference), Kansas City, Mo., June 1992, p. 497.

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

Instrument Society of America Standard $51.1-1979, *Process Instrumentation
Terminology."
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3.0 PROTECTION SYSTEM SETPOINT METHODOLOGY

31 Margin Calculation

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 + 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 are taking place. Using Equation 2.1, Equation 3.1 may be
simplified to:

Margin = TA - CSA (Eq. 3.2)

Tables 3-1 through 3-32 list the allowances to be made for individual component uncertainties
and CSA calculations for the protection functions noted in Tables 3.3.1-1 and 3.3.2-1 of the
AP600 Technical Specifications. Values to be used for the uncertainty allowances will be
determined wher. the plant-specific equipment and procedures are specified. Table 3-33
provides a summary of the Reactor Protection System / Engineered Safety Features Actuation
System Channel Uncertainty Allowances for AP600. Westinghouse typically reports values in
these tables to one decimal place using the conventional technique of rounding down values
less than 0.05 and rounding up values greater than or equal to 0.05. Parameters reported as
"0" or "---" in the tables are not applicable (i.e., have no value) for that channel.



3.2 Definitions For Protection System Setpoint Tolerances

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

. A/D

Eiectronic circuit module that converts a continuously variable analog signal to a
discrete digital signal via a prescriptive algorithm.

. As Found

The condition in which a transmitter, process rack module or process instrument loop
is found after a period of operation. For example, after a period of operation, a
transmitter was found to deviate from the ideal condition by -0.5% of span. This would
be the as-found condition.

. As Left

The condition in which a transmitter, process rack module, or process instrument loop
is left after calibration or trip setpoint verification. 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 +0.1% of span. In this instance, if
the calibration was stopped at this point (i.e., no additional efforts were made to
decrease the deviation) the as-left error would be +0.1% of span.

. Channel

The sensing and process equipment, i.e., transmitter to Central Processing Unit (CPU)
trip output, for one input to the voting logic of a protection function. Westinghouse
designs protection functions with voting logic made up of multiple channels, e.g., for
steam generator level-low, two out of four channels must have reached the CPU trip
output for a reactor trip to be initiated.

. Channel Statistical Allowance (CSA)

The combination of the various channel uncertainties via SRSS and arithmetic
summation, as appropriate. It includes both instrument (sensor and process rack)
uncertainties and non-instrument related effects (process measurement accuracy).
This parameter is compared with the total allowance for determination of instrument
channel margin.




. Environmental Allowance (EA)

The change in a process signal (transmitter or process rack output) due to adverse
environmental conditions from a limiting accident condition. Typically this value is

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

a) temperature effects on a transmitter

b) radiation effects on a transmitter

c) seismic effects on a transmitter

d) temperature effects on a level transmitter reference leg
€) temperature effects on signal cable insulation

f) seismic effects on process racks

. Margin

The calculated difference (in percent of instrument span) between the total allowance
and the channel statistical allowance.

. Nominal Trip Setpoint (NTS)

A bistabie trip setpoint (analog function) or CPU trip output (digital function) in plant
Technical Specifications. This value is the nominal value to which the bistable is set,
as accurately as reasonably achievable (analog function) or the defined input value for
the CPU trip output setpoint (digital function).

. Normalization

The process of establishing a relationship, or link, between a process parameter and
an instrument channel. This is in contrast with a calibration process. A calibration
process is performed with independent known values, i.e., a bistable is calibrated to
change state when a specific 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 measurement, e.g.,
determination of steam flow 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.

. Primary Element Accuracy (PEA)

Uncertainty due to the use of a metering device, e.g., venturi, orifice, or pitot tube.
Typically, this is a calculated or measured accuracy for the device.
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Process Loop (Instrument Process Loop)

The process equipment for a single channel of a protection function.
Process Measurement Accuracy (PMA)

Allowance for non-instrument related effects that have a direct bearing on the accuracy
of an instrument channel's reading, e.g., temperature stratification in a large diameter
pipe, or fluid density in a pipe or vessel.

Process Racks

The analog or digital modules downstream of the transmitter or sensing device that
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, i.e., conversion resistor, transmitter power supply, R/E,
lead/lag, rate, lag functions, furction generator, summator, control/protection isolator,
and bistable for analog functions, or conversion resistor, transmitter power supply,
signal conditioning-A/D converter, and CPU for digital functions. The go/no go signal
generated by the bistabie is the output of the last module in the analog process rack
instrument loop and is the input to the voting logic. The CPU trip output signal is the
input to the voting logic from a digital system.

Rack Calibration Accuracy (RCA)

The reference (calibration) accuracy, as defined by ISA Standard S51.1-1979'" for a
process loop string. Inherent in this definition is the verification of the following under
a reference set of conditions; 1) conformity,” 2) hysteresis,” and 3) repeatability.”
The Westinghouse definition of a process loop includes all modules in a specific
channel. Also it is assumed that the individual modules are calibrated to a particular
tolerance and that the process loop as a string is verified to be calibrated to a specific
tolerarice. 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 locp
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 a Westinghouse supplied digital channel, RCA reprasents calibration of the signal
conditioning-A/D converter providing input to the CPU. Typically there is only one
module present in the digital process loop; thus, compensation between multiple
modules for errors is not possible. However, for protection functions with multiple
inputs, compensation between multiple modules for errors is possible. Each signal
conditioning-A/D converter module is calibrated to within an accuracy of |

]"** for functions with process rack inputs of 4 - 20 mA or 10 - 50 mA, [

]"* for narrow range RTD inputs, or [+0.2% of span]*** for wide range RTD inputs.
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. Rack Drift (RD)

The change in input-output relationship over a period of time at reference conditions,
e.g., at constant temperature. Typical values assumed for this parameter are +1.0% of
span for 30 days for analog channels and | "¢ for 90 days for digital
channels. An example of RD is: for an as-found value of -0.15% of span and an as-
left value of +0.05% of span, the magnitude of the drift wouid be |

"€ in the negative direction.

. 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 ISA $51.1-1979" it is considered an
integral part of RCA. Magnitudes in excass of the 10:1 limit are explicitly included in
Westinghouse calculations.

B 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 condition, with the other parameters being second-order effects.
For Westinghouse-supplied process instrumentation, a value of [ I is
used for analog channel temperature effects and | I is
used for digital channels. It is assumed that calibration is performed at a nominal
ambient temperature of +70°F with an upper extreme of +120°F (+50°F AT) and a
lower extreme of +40°F,

. 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.

. Sensor Calibration Accuracy (SCA)
The calibration accuracy for a sensor or transmitter as defined by the AP600
calibration procedures. For transmitters, this accuracy is typically +0.25% of span to

0.5% of span. Utilizing Westinghouse recommendations for RTD cross-calibration, this
accuracy is typically | "¢ for the hot and cold leg RTDs.
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. Sensor Drift (SD)

The 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% of span and an as-left value of +0.1% of span, the magnitude of the drift
would be {(+0.5) - (+0.1) = +0.4% of span} in the positive direction. For this
evaluation, a maximum surveillance interval of 30 months must be assumed when
projecting drift allowances.

. Sensor Measurement & Test Equipment Accuracy (SMTE)

The accuracy of the test equipment (typically a high accuracy local readout gauge and
DVM) used to calibrate a sensor or transmitter in the fieid or in a calibration laboratory.
When the magnitude of SMTE meets the requirements of ISA 851.1-1979° it is
considered an integral part of SCA. Magnitudes in excass of the 10:1 limit are
explicitly included in Westinghouse calculations.

. Sensor Pressure Effects (SPE)

The change in input-output relationship due to a change in the static head pressure
from the calibration conditions or the accuracy to which a correction factor is
introduced for the difference between calibration and operating conditions for a Ap
transmitter.

. Sensor Reference Accuracy

The reference accuracy that is achievable by the device as specified in the
manufacturer's specification sheets; refarence (caiibration) accuracy for a sensor or
transmitter as defined by ISA $51.1-1979". 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 performing only a single-pass calibration (i.e., one
up and one down), or repeatability and hysteresis when performing a single-pass
calibration in only one direction.

. Sensor Temperature Effects (STE)

The change in input-output relationship 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
condition, with the other parameters being second-order 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.
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Span

The region for which a device is calibrated and verified to be operable, e.g., for a
pressurizer pressure transmitter with a calibrated range of 1700-2500 psig would have
a span of 800 psi. For pressurizer pressure, considerable suppression of the zero and
turndown of the operating range is exhibited.

SRSS

fiquare root of the sum of the squares, i.e.,

e = V{@)f + (b + (cf
as approved for use in setpoint calculations by ISA Standard S67.04-1994'
Total Allowance (TA)
The absolute value of the calculated difference between the safety analysis limit and
the nominal trip setpoint (SAL - NTS) in percent of instrument span. Two hypothetical
examples of the calculation of TA are shown below:

Steam Generator Level - Low

SAL 0% of evel
NTS -18% of level

TA |-18% of level | = 18% of level

If the instrument span = 100% of level, then

TA - (18% of level) » (100% of span)
(100% of level)

= 18.0% of span

Pressurizer Pressure - Low Trip

SAL 1800 psia
NTS -1915 psia

TA |-115pS|f = 115 psi
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3.3
(1]

(2]
(3]
[4]
5]
(6}

If the instrument span = BOO psi, then

TA - (115 psia) » (100% of span) - 14.4% of
(800 psia) p il

References/Standards

Instrument Society of America Standard $51.1-1979, “Process Instrumentation
Terminology," p 6, 1979,

Ibid, p 8.

Ibid, p 20.

Ibid, p 27.

Ibid, p 32.

Instrument Society of America Standard S67.04-1994, "Setpoints for Nuclear
Safety-Related Instrumentation.” p 18, 1994,



TABLE 3-1
POWER RANGE, NEUTRON FLUX - HIGH & LOW SETPOINTS FOR REACTOR TRIP

Parameter

Process Measurement Accuracy
{ g

|
Primary Element Accuracy

Sensor Calibration Accuracy
[ -

Sensor Measurement & Test Equipment Accuracy
[ o

Sensor Pressure Effects

Sensor Temperature Effects
[

Sensor Drift
[

Environmenta! Allowance

Rack Calibration
Rack Accuracy
Measurement & Test Equipment Accuracy

Rack Temperature Effect
Rack Drift

. in percent of span (120% of Rated Thermal Power)

Channel Statistical Allowance =

[
)OC.C
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Allowance’

+x.xX

XX
+x.X

XX
XX

XX

XX



TABLE 3-2

POWER RANGE, NEUTRON FLUX - HIGH POSITIVE RATE
FOR REACTOR TRIP AND HIGH NEGATIVE RATE FOR ROD BLOCK

Parameter

Process Measurement Accuracy

[

]’I.C

Primary Element Accuracy
Sensor Calibration Accuracy
[ pos
Sensor Measurement & Test Equipment Accuracy
Sensor Pressure Effects
Sensor Temperature Effects
[ s

Sensor Drift

[
IOl.C

Environmental Allowance

Rack Calibration
Rack Accuracy
Measurement & Test Equipment Accuracy

Rack Temperature Effect

Rack Drift

. In percent of span (120% of Rated Thermal Power)

Channei Statistical Allowance =

(
]M.C
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Allowance’

X.X
X.X

+X.X

XX



TABLE 3-3

INTERMEDIATE RANGE NEUTRON FLUX FOR REACTOR TRIP

Parameter

Process Measurement Accuracy

[
I
[

Primary Element Accuracy

Sensor Calibration Accuracy
[ ]ﬂ.c

Sensor Measurement & Test Equipment Accuracy
[ ]ﬂ.&

Sensor Pressure Effects

Sensor Temperature Effects

[ e

Sensor Drift
[  ma

Environmental Allowance

Rack Calibration
Rack Accuracy
Measurement & Test Equipment Accuracy

Rack Temperature Effect
Rack Drift

X In percent of span (120% of Rated Thermal Power)
Channel Statistical Allowance =
[
]'OQ.C

m:2842n. wpt: 1b-050396 17

Ailowance’

XX
+X.X

XX
+X.X

+X.X

XX



TABLE 3-4

SOURCE RANGE NEUTRON FLUX FOR REACTOR TRIP

Parameter

Proce=s Measurement Accuracy

[

Primary Element Accuracy
Sensor Calibration Accuracy

[ "
Sensor Measurement & Test Equipment Accuracy

( I

Sensor Pressure Effects

Sensor Temperature Effects

[ |
Sensor Drift

( ™
Environmental Allowance
Rack Calibration

Rack Accuracy

Measurement & Test Equipment Accuracy
Rack Temperature Effect
Rack Drift

In percent of span (1 x 10° cps)

Channel Statistical Allowance =

[
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]OC.C

Allowance’

XX
+x.X

XX

XX



TABLE 3-5
SOURCE RANGE NEUTRON FLUX DOUBLING FOR BORON DILUTION BLOCK

Parameter Allowance

Frocess Measurement Accuracy
[ ]'“!
+*8.(
[ J

Primary Element Accuracy

Sensor Calibration Accuracy

[

]‘ﬁ.(

Sensor Measurement & Test Equipment Accuracy
[ - I
J'd\

Sensor Pressure Effects

Sensor Temperature Effects
|
]vl C

Sensor Drift

[
]Oﬂ(

Environmental Allowance
Rack Calibration
Rack Accuracy
Measurement & Test Equipment Accuracy
Rack Temperature Effect
Rack Drift

* In pe;éenx of span (¢,/¢, from 1.0 to 3.5)

Channe! Statistical Allowance =

{
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TABLE 3-6
OVERTEMPERATURE AT FOR REACTOR TRIP
Assumes normalization of AT _and T’

Parameter Allowance’
Process Measurement Accuracy

[ ]ﬂ.c o

[ o +x.X

[ ]‘I.C ix.x

[ ™ +X.X

( ™ +X.X

( o +X.X

[ g 0

[ XX
Primary Element Accuracy 0
Sensor Reference Accuracy

[ i 0

| jrae +X.X
Sensor Calibration Accuracy

[ o 0

[ +X.X
Sensor Measurement & Test Equipment Accuracy

[ P 0

( e +X.X
Sensor Pressure Effects 0
Sensor Temperature Effects

[ po £X.X
Sensor Drift

[ e 0

[ +X.X
Environmental Allowance 0
Rack Calibration Accuracy

[ e 0

[ +X.X

[ +X.X

In percent of AT span (AT - xxx.x°F = 150% of RTP; Pressure - 800 psi; Al - $60% Al)
See Table 3-34 for gain and conversion calculation.
B Number of Hot Leg RTDs used
## Number of Cold Leg RTDs used
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TABLE 3-6 (continued)
OVERTEMPERATURE AT FOR REACTOR TRIP
Assumes normalization of AT, and T

Parameter Allowance’
Measurement & Test Equipment Accuracy

[ P 0

[ e X%

| Y +X.X
Rack Temperature Effect

+8.C

{ ]]"'c t?(.x

( e +X.X
Rack Drift

[ ]u.c 0

[ g +X.X

[ Pae +X.X

In percent of AT span (AT - xx.x°F = 150% of RTP; Pressure - 800 psi; Al - +60% Al)

See Table 3-34 for gain and conversion calculation.
# Number of Hot Leg RTDs used
## Number of Cold Leg RTDs used
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TABLE 3-6 (continued)
OVERTEMPERATURE AT FOR REACTOR TRIP
Assumes normalization of AT, and T’

Channel Statistical Allowance =

+ac
—
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TABLE 3-7
OVERPOWER AT FOR REACTOR TRIP

Assumes normalization of AT, and T"
Parameter Allowance

Process Measurement Accuracy

[

o 0

[ ' pd +X.X

[ . +X.X

[ +X.X

[ - 0

{ XX
Primary Element Accuracy 0
Sensor Reference Accuracy

[ I 0
Sensor Calibration Accuracy

[ e G
Sensor Measurement & Test Equipment Accuracy

[ ]M v
Sensor Pressure Effects 0
Sensor Temperature Effects 0
Sensor Drift

( * 0

Environmental Allowance

[ ]".C +X.X
Rack Calibration Accuracy

[ e 0
Rack Measurement & Test Equipment Accuracy

[ ™ 0
Rack Temperature Effect

[ ]ﬂ.c o
Rack Drift

[ ]ol.c 0

In percent of AT span (AT - xxx.x°F = 150% of RTP)
See Table 3-35 for gain calculations.
# Number of Hot Leg RTDs used
## Number of Cold Leg RTDs used
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TABLE 3-7 (continued)
OVERPOWER AT FOR REACTOR TRIP
Assumes normalization of AT, and T"

Channel Statistical Allowance =

+*a.c

e ey
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TABLE 3-8
PRESSURIZER PRESSURE - LOW FOR REACTOR TRIP

Parameter
Process Measurement Accuracy
Primary Element Accuracy
Serisor Reference Accuracy
Sensor Calibration Accuracy
Sensor Measurement & Test Equipment Accuracy
Sensor Pressure Effects
Sensor Temperature Effects
Sensor Drift (30 months)
Environmental Allowance
Rack Calibration
Rack Accuracy
Measurement & Test Equipment Accuracy

Rack Temperature Effect

Rack Drift

In percent of span (800 psi)

Channel Statistical Allowance =

[

]*..C
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Aliowance*
0
0

XX
+X.X
XX
0
x.X
+X.X
0
XX
XX
+X.X

XX



Parameter

Process Measurement Accuracy
Primary Element Accuracy
Sensor Reference Accuracy
Sensor Calibration Accuracy
Sensor Measurement & Test Equipment Accuracy
Sensor Pressure Effects
Sensor Temperature Effects
Sensor Drift (30 months)
Environmental Allowance
flack Calibration
Rack Accuracy
Measurement & Test Equipment Accuracy

Rack Temperature Effect
Rack Drift

¥ In percent of span (800 psi)
Channel Statistical Allowance =

[

]".C
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TABLE 3-8
PRESSURIZER PRESSURE - HIGH FOR REACTOR TRIP

Allowance*

XX

XX

+X.X

IX.X

X.X

X.X
.

+x.X

+X.X



TABLE 3-10

PRESSURIZER WATER LEVEL - HIGH 1 & 2 FOR CVS ISOLATION

AND HIGH 3 FOR REACTOR TRIP

Parameter

Process M sasurement Accuracy
Primary Elnment Accuracy
Sensor Reference Accuracy
Sensor Calibration Accuracy
Sensor Measurement & Test Equipment Accuracy
Sensor Pressure Effects

Sensor Temperature Effects
Sensor Drift (30 months)
Environmental Allowance

Bias

[ e
i

Rack Calibration
Rack Accuracy
Measurement & Test Equipment Accuracy

Rack Temperature Effect
Rack Drift

In percent of span (100% of level)

Channe! Statistical Allowance =
[
]d.c
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]ﬂ,c

Allowance
0
0
XX

XX

+X.x
X%

+Xx.X

+X.X
+X.X

X.X
+X.X
+X.X

X.X



TABLE 3-11

LOSS OF FLOW FOR REACTOR TRIP

Pitot Tube

Parameter
Process Measurement Accuracy

[ ]d.c

( e
Primary Element Accuracy

( ) I“"

[ ]0....
Sensor Reference Accuracy [ o
Sensor Calibration Accuracy

[ |
Sensor Measurement & Test Equipment Accuracy

[ I
Sensor Pressure Effects

i I
Sensor Temperature Effects

[ e
Sensor Drift (30 months)[ i
Environmental Allowance
Rack Calibration

Rack Accuracy | s

Measurement & Test E~uipment Accuracy [
Rack Temperature Effect | e
Rack Drift ™

Channel Statistical Allowance =

[

]N.C
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Aliowance’

XX
.

.
XX

XX

XX

XX
+X.X

XX

+X.X

In percent of flow span (120% flow). Percent of Ap span coverted to flow span via
Equation 3-36.8, with F_, = 120% and F, = 100%.
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TABLE 3-12
STEAM GENERATOR NARROW RANGE WATER LEVEL - LOW FOR REACTOR TRIP,
STEAM GENERATOR BLOWDOWN SYSTEM ISOLATION, AND PRHR

Parameter Allowance®
Process Measurement Accuracy
[ ]n.c X.X
( XX
[ e . X
Primary Element Accuracy 0
Sensor Reference Accuracy XX
Sensor Calibration Accuracy +X.X
Sensor Measurement & Test Equipment Accuracy +x.X
Sensor Pressure Effects +X.X
Sensor Temperature Effects +x.X
Sensor Drift (30 months) +X.X
Environmental Allowance
[ X.X
[ ™ X.X
[ e X.X
Rack Calibration >
Rack Accuracy +x.x
Measurement & Test Equipment Accuracy +X.X
Rack Temperature Effect +X.X
Rack Drift +X.X

In percent of span (100% of narrow range levei)

Channel Statistical Allowance =

[

]u.c
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TABLE 3-13
REACTOR COOLANT PUMP SPEED - LOW FOR REACTOR TRIP
Magnetic Sensor

Parameter Allowance*
Process Measurement Accuracy +X.X
Primary Element Accuracy 0
Sensor Calibration Accuracy 0
Sensor Measurement & Test Equipment Accuracy 0
Sensor Pressure Effects 0
Sensor Temperature Effects 0
Sensor Drift (30 months) 0
Environmental Aliowance 0
Rack Calibration

Rack Accuracy +X.X

Measurement & Test Equipment Accuracy +X.X
Rack Temperature Effect +X.X
Rack Drift +X.X
. in percent of span (120% of rated speed)

Channel Statistical Allowance =

(
IO‘.C
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TABLE 3-14
REACTOR COOLANT PUMP BEARING WATER TEMPERATURE -
HIGH FOR REACTOR TRIP AND TRIP OF AFFECTED RCP

Parameter Allowance
Process Measurement Accuracy

( re 0
Primary Element Accuracy 0
Sensor Calibration Accuracy

( ] 0
Sensor Reference Accuracy +X.X
Sensor Measurement & Test Equipment Accuracy

[ "™ 0
Sensor Pressure Effects 0
Sensor Temperature Effects 0
Sensor Drift (30 months) +X.X
Environmental Allowance 0
Rack Calibration

Rack Accuracy XX

Measurement & Test Equipment Accuracy +X.X
Rack Temperature Effect +X.X
Rack Drift $x.X
. In percent of span (380°F)

Channel Statistical Allowance =

[

]n.c
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TABLE 3-15
CONTAINMENT PRESSURE - HIGH 1 FOR SAFEGUARDS ACTUATION AND
STEAM LINE ISOLATION, AND HIGH 2 FOR CONTAINMENT COOLING

Parameter Allowance*
Process Measurement Accuracy 0
Primary Element Accuracy 0
Sensor Reference Accuracy +X.X
Sensor Calibration Accuracy XX
Sensor Measurement & Test Equipment Accuracy +X.X
Sensor Pressure Effects 0
Sensor Temperature Effects +X.X
Sensor Drift (30 months) +x.X
Environmental Allowance 0
Rack Calibration

Rack Accuracy +X.X

Measurement & Test Equipment Accuracy XX
Rack Temperature Effect XX
Rack Drift +X.X

In percent of span (15 psi)
Channel Statistical Allowance =
[

Jroc
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TABLE 3-16

PRESSURIZER PRESSURE - LOW FOR SAFEGUARDS ACTUATION

Parameter

Process Measurement Accuracy

Primary Element Accuracy

Sensor Reference Accuracy

Sensor Calibration Accuracy

Sensor Measurement & Test Equipment Accuracy
Sensor Pressure Effects

Sensor Temperature Eftects

Sensor Drift (30 months)

Environmental Allowance

[ It
[ I

Rack Calibration
Rack Accuracy
Measurement & Test Equipment Accuracy

Rack Temperature Effect
Rack Drift

In percent of span (800 psi)
Channel Statistical Allowance =

(

]‘OI.C
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XX

X

X

+X.X

+X.X
+X.X

XX

EX.X

XX

XX



TABLE 3-17

STEAM LINE PRESSURE - LOW FOR SAFEGUARDS ACTUATION
AND STEAM LINE ISOLATION ON OUTSIDE CONTAINMENT BREAK

Parameter

Process Measurement Accuracy

Primary Element Accuracy

Sensor Reference Accuracy

Sensor Calibration Accuracy

Sensor Measurement & Test Equipment Accuracy
Sensor Pressure Effects

Sensor Temperature Effects

Sensor Drift (30 months)

Environmental Allowance

[ I
[ I

Rack Calibration
Rack Accuracy
Measurement & Test Equipment Accuracy

Rack Temperature Effect

Rack Drift

In percent of span (1200 psi)
Channel Statistical Allowance =

[

]ﬂ.c
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Allowance®
0
0
+X.X
+X.X
+X.X
0
+X.X
+X.X

+X.X
+X.X

XX
XX
XX

+X.X



TABLE 3-18
STEAM LINE PRESSURE - LOW FOR SAFEGUARDS ACTUATION
AND STEAM LINE ISOLATION ON INSIDE CONTAINMENT BREAK

Parameter Allowarice*
Process Measurement Accuracy 0
Primary Element Accuracy 0
Sensor Reference Accuracy XX
Sencor Calibration Accuracy +X.X
Sensor Measurement & Test Equipment Accuracy +X.X
Sensor Pressure Effects 0
Sensor Temperature Effects +X.X
Sensor Drift (30 months) +X.X
Environmental Allowance .0
Rack Calibration

Rack Accuracy +X.X

Measurement & Test Equipment Accuracy %X
Rack Temperature Effect +X.X
Rack Drift XX
" In percent of span (1200 psi)

Channel Statistical Allowance =

[

]n.c

m:\2942n wpt: 1b-050396 35



TABLE 3-19
NEGATIVE STEAM LINE PRESSURE RATE - HIGH FOR STEAM LINE ISOLATION

Parameter Allowance
Process Measurement Accuracy 0
Primary Element Accuracy 0
Sensor Reference Accuracy

[ r..c o
Sensor Calibration Accuracy

[ 0
Sensor Measurement & Test Equipment Accuracy 0
Sensor Pressure Effects 0
Sensor Temperature Effects

1 I 0
Sensor Drift

( P 0
Environmental Allowance 0
Rack Calibration

Rack Accuracy +x.X

Measurement & Test Equipment Accuracy XX
Rack Temperature Effect +X.X
Rack Drift +X.X
o In percent of span (1200 psi)

Channel Statistical Allowance =

[

]ﬂc
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TABLE 3-20

Teold - LOW FOR SAFEGUARDS ACTUATION, STEAM LINE ISOLATION,
AND STARTUP FEEDWATER ISOLATION

Parameter

Process Measurement Accuracy

[
Primary Element Accuracy

Sensor Reference Accuracy

[ ]’

Sensor Calibration Accuracy
(

I‘I.C

Sensor Measurement & Test Equipment Accuracy

Sensor Pressure Effects
Sensor Temperature Effects

Sensor Drift (30 months)
| ™

Environmental Allowance

[
Rack Calibration Accuracy

Measurement & Test Equipment Accuracy
Rack Temperature Effect

Rack Drift

*

in percent of Tcold span (120°F)

Channe! Statistical Allowance =

(

]ﬂ.c

Allowance*

+X.X

+X.X

XX

XX

+X.X

+X.x



TABLE 3-21
Thot - HIGH FOR CMT ACTUATION AND RCP TRIP

Parameter

Process Measurement Accuracy

[ ]n.c
(
]—ﬂ.ﬁ
Prnmary Element Accuracy

Sensor Reference Accuracy

[ I’..C

Sensor Calibration Accuracy
[ ]

Sensor Measurement & Test Equipment Accuracy
Sensor Prassure Effects
Sensor Temperature Effects

Sensor Drift (30 months)
[ e

Environmental Allowance

Rack Calibration Accuracy

Measurement & Test Equipment Accuracy
Rack Temperature Effect

Rack Drift

. In percent of span (120°F)
# Number of hot leg RTDs used

Channel Statistical Allowance =

[

m:\2942n. wpf: 1b-050396 38

Aliowance*

+X.X

+X.X
+X.X
+X.X

XX

]»‘.c



TABLE 3-22
STEAM GENERATOR NARROW RANGE WATER LEVEL - HIGH 2 FOR REACTOR TRIP,
TURBINE TRIP, MAIN FEEDWATER ISOLATION,
STARTUP FEEDWATER ISOLATION, AND CVS ISOLATION

Parameter Allowance
Process Measurement Accuracy

[ g +X.X

[ ™ +X.X

[ +X.X
Primary Element Accuracy 0
Sensor Reference Accuracy +X.X
Sensor Calibration Accuracy +X.X
Sensor Measurement & Test Equipment Accuracy +x.X
Sensor Pressure Effects x.X
Sensor Temperature Effects +X.X
Sensor Drift (30 months) +X.X
Environmental Allowance 0
Rack Calibration

Rack Accuracy +X.X

Measurement & Test Equipment Accuracy XX
Rack Temperature Effect +X.X
Rack Drift +X.X
= in percent of span (100% of narrow range level)
Channel Statistical Allowance =

[
e

m:\2942n.wpt:1b-050696 39



TABLE 3-23

STARTUP FEEDWATER FLOW - LOW FOR PRHR ACTUATION

Orifice Plate
Parameter
Process Measurerent Accuracy

Primary Element Accuracy

[ ™
[ l

Sensor Reference Accuracy

[ J'*

Sensor Calibration Accuracy
| s

Sensor Measurement & Test Equipment Accuracy

( J*

Sensor Pressure Effects
[

Sencor Temperature Effects
l I

Sensor Drift (30 months)
[ ™

Environmental Allowance

Rack Calibration
Rack Accuracy
Measurement & Test Equipment Accuracy

Rack Temperature Effect

Rack Drift

In percent of startup feedwater flow span (1000 gpm)

Channel Statistical Allowance =
[
]“,C
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Allowance*

0

XX
+X.X

+X.X
XX

+X.X

+X.X



TABLE 3-24
STEAM GENERATOR W!DE RANGE WATER LEVEL - LOW
FOR PRHR ACTUATION

Parameter Allowance

Process Measurement Accuracy

[ +X.X

[ +X.X

[ ]oﬂ,( +xx
Primary Element Accuracy 0
Sensor Reference Accuracy XX
Sensor Calibration Accuracy +X.X
Sensor Measurement & Test Equipment Accuracy +X.X
Sensor Pressure Effects +X.X
Sensor Temperature Effects +X.X
Sensor Drift (30 months) 43X
Environmental Aillowance

| e +X.X

| +X.X

[ - +X.X

Rack Calibration
Rack Accuracy +X.X
Measurement & Test Equipment Accuracy +X.X
Rack Temperature Effect +X.X

Rack Drift +X.X

In perbent of span (100% of wide range level)

Channel Statistical Allowance =

[

m:\2942n wpt: 10-050396



Parameter

Process Measurement Accuracy
Primary Element Accuracy
Sensor Reference Accuracy

Sensor Calibration Accuracy

Sensor 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

Rack Temperature Effect

Rack Drift

In percent of span (100% of level)

Channel Statistical Allowance =

[

m:\2042n wpt: 1b-050306

TABLE 3-25
PRESSURIZER WATER LEVEL - LOW 2 FOR CMT ACTUATION,
RCP TRIP, AND PURIFICATION LINE ISOLATION

]03 c

Allowance

+X.X
+X.X

+X.X
+X.X

XX
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