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Regulatory Commission (NRC) to facilitate future licensing processes that may be
pursued by licensees or applicants that are customers of AREVA NP. The information
contained in this report may be used by the NRC and, under the terms of applicable
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ABSTRACT

This report documents the instrument setpoint methodology applied to the U.S. EPR
protection system. The protection system is a digital, integrated reactor protection
system and engineered safety features actuation system implemented for the U.S. EPR.
The primary purpose of the protection system is to detect plant conditions that indicate
the occurrence of a design basis event and initiate the plant safety features required to
mitigate the event. These safety features consist primarily of the automatic actuation of

reactor trips and engineered safety features systems.

The methodology described in this topical report will be used to establish technical
specification setpoints for the U.S. EPR protection system. To demonstrate the
application of the setpoint methodology, a sample group of U.S. EPR protection system

functions is analyzed.
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1.0 INTRODUCTION

This topical report describes the AREVA NP Inc. instrument setpoint methodology used
for the U.S. EPR. Instrument setpoints are analyzed by determining the applicable
contributors to instrumentation loop errors, the method in which they are combined, and

the method in which these errors are applied to the design analytical limits (ALs).

The methodology used to determine instrument uncertainties is addressed in Section
2.0. The methodology is applicable to U.S. EPR protection system functions that have
associated setpoints. To demonstrate the application of this methodology, a sample of

the functions associated with the U.S. EPR protection system is analyzed.

The protection system is a digital, integrated reactor protection system and engineered
safety features actuation system implemented for the U.S. EPR. Its primary purpose is
to detect plant conditions that indicate the occurrence of a design basis event, and
initiate the plant safety features required to mitigate the event. These safety features
consist primarily of the automatic actuation of reactor trips (RTs) and the automatic

actuation of engineered safety features systems.

Section 3.1 provides a sample of the various inputs into the protection system and
details of the statistical method of error combination. The maijority of protection system
trips or protection functions is based on single channel inputs; therefore, the
uncertainties identified in Section 3.1 are applicable for the trip. Section 3.2 addresses
the protection system trips or protection functions that are based on multiple inputs.
The discussion of these complex functions includes the combination of inputs and

associated errors that are determined in Section 3.1.

This report addresses the uncertainty methodology for the inputs to complex functions,
with the exception of the self-powered neutron detectors (SPNDs). Incore
instrumentation, high linear power density (HLPD), high core power level (HCPL), low

saturation margin, anti-dilution, and departure from nucleate boiling ratio (DNBR) are
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outside the scope of this report because they use a statistical methodology other than
square root sum of the sum of the squares (SRSS), such as an approved safety

analysis code.

This methodology was developed in accordance with Regulatory Guide 1.105
(Reference 3), complies with ANSI/ISA-67.04-01-2006 (Reference 7), and is consistent
with error combinations guidance established by ISA-RP67.04.02-2000 (Reference 8).
In addition, this methodology addresses the latest developments under RIS 2006-17
(Reference 4) and TSTF-493 (Reference 9).

The limiting trip setpoint (LTSP) is the limiting safety system setting (LSSS) since all
known errors are appropriately combined in the total loop uncertainty calculation (TSTF-
493). The nominal trip setpoint (NTSP) is derived from the AL and accounts for total
loop uncertainties and margin. Section 4.1 provides the relationship between the AL,
LTSP, NTSP, and channel uncertainty (CU). Section 4.2 addresses the performance
test acceptance criteria (PTAC). Section 4.3 provides a summary table for all of the
sample protection functions, and Section 4.4 discusses assumptions made during the

development of this report. Section 5 discusses the summary and conclusions.

AREVA NP requests that the NRC issue a Safety Evaluation Report (SER) that
approves the use of the setpoint methodology presented in this topical report. The U.S.
EPR Setpoint Methodology Topical Report will be used to develop setpoints associated
with the protection system. AREVA NP plans to reference this topical report in its
Design Control Document for the U.S. EPR.
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2.0 METHODOLOGY DESCRIPTION

2.1 Background
211 Regulatory Basis for the Methodology

10 CFR 50.36(c)(1)(ii)(A) (Reference 1) and General Design Criteria (GDC) 13 and 20
of 10 CFR 50, Appendix A (Reference 2) apply to instrument setpoints.

10 CFR 50.36(c)(1)(ii)(A) requires that, where an LSSS is specified for a variable on
which a safety limit has been placed, the setting must be chosen so that automatic
protective action will correct the most severe abnormal situation anticipated without
exceeding a safety limit. LSSSs are settings for automatic protective devices related to
those variables having significant safety functions. A setpoint found to exceed technical
specification limits is considered a malfunction of an automatic safety system. Such an
occurrence can challenge the integrity of the reactor core, reactor coolant pressure

boundary, containment, and associated systems.

10 CFR 50, Appendix A, GDC 13, "Instrumentation and Control," requires in part that
instrumentation be provided to monitor variables and systems, and that controls be

provided to maintain these variables and systems within prescribed operating ranges.

10 CFR 50, Appendix A, GDC 20, "Protection System Functions," requires in part that
the protection system be designed to initiate operation of appropriate systems to assure

that specified acceptable fuel design limits are not exceeded.

To meet 10 CFR 50.36(c)(1)(ii)(A), GDC 13 and GDC 20 requirements, Standard
Review Plan Appendix 7.1-A (Reference 5) provides a reference to Branch Technical
Position HICB-12 (Reference 6) and Draft Regulatory Guide DG-1045 (later issued as
Regulatory Guide 1.105) for guidance on establishing and maintaining instrument
setpoints. Instrumentation, Systems, and Automation Society (previously the

Instrument Society of America) ISA S67.04-1994 (Reference 13) was prepared to
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provide the nuclear industry with guidelines for addressing instrument uncertainties and
their associated impact on plant setpoints. Regulatory Guide 1.105 was subsequently
revised to endorse ISA S67.04-1994 part | and its discussion of nuclear instrumentation

setpoints.

Branch Technical Position HICB-12 provides guidelines for reviewing the process that
an applicant or licensee follows to establish and maintain instrument setpoints for the

following objectives:

e To verify that setpoint calculation methods are adequate to ensure that protective
actions are initiated before the associated plant process parameters exceed their

analytical limits.

e To verify that setpoint calculation methods are adequate to ensure that control
and monitoring setpoints are consistent with their requirements (Note: This

guidance is outside of the scope of this document).

e To confirm that calibration intervals and methods established are consistent with

safety analysis assumptions.

21.2 Latest Industry Issues

An allowable value (AV) is established as a limiting value that the trip setpoint can have
when periodically tested. If the value is exceeded during testing, appropriate action is
required. The latest developments included in ANSI/ISA-67.04.01-2006 introduce the
terms LTSP and as-found (AF) limits, and no longer use the term allowable value.

TSTF-493 was developed to address NRC concerns that the technical specification
requirements for LSSSs may not be in full compliance with 10 CFR 50.36. The LTSP is
calculated based on plant-specific methodology so that the trip or actuation will occur
before the AL is reached. The NTSP may be used to include margin between the AL
and the setpoint; however, predefined AF and as-left tolerances (ALTs) for surveillance

testing must be maintained around the more conservative NTSP. The intent of these
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changes is to provide reasonable assurance that realistic values are used to verify that
the plant protection system instrumentation is performing as expected during the
surveillance testing. Therefore, degradation would not be masked due to excessive
tolerances. RIS 2006-17 was issued to resolve concerns that TSTF-493 did not
sufficiently address all of the issues, including the test acceptance criteria band for AF

instrument values.

The U.S. EPR methodology adopts the use of an NTSP-based assessment of AF

values based on the specific conditions stated in RIS 2006-17. Those conditions are:

e The setting tolerance band is less than or equal to the SRSS of reference
accuracy, measurement and test equipment (M&TE), and readability

uncertainties.
e The setting tolerance is included in the total loop uncertainty.

e The pre-defined test acceptance criteria band for the AF value includes either the
setting tolerance or the uncertainties associated with the setting tolerance band,
but not both of these.

To meet these conditions and be consistent with RIS 2006-17 and Revision 1 of
TSTF-493, the U.S. EPR plant AF acceptance criteria will be assessed based on the
NTSP and utilize no more than the SRSS combination of the reference accuracy (RA),
M&TE error, measurement and test equipment readability (M&TEr), and drift (DR).
Further PTAC details are provided in Section 4.2.

Regulatory Guide 1.105 endorses the use of ISA 67.04-1994 part I. To be consistent
with RIS 2006-17, the U.S. EPR uses the latest industry guidance provided by ANSI/ISA
67.04.01-2006, and ISA 67.04.02-2000.

21.3 Statistics

Instrument uncertainties are categorized as random, bias (B), or random abnormally

distributed bias. A random uncertainty is a normally distributed variable that will fall
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between * 2 sigma 95.6 percent of the time. These independent uncertainties are
errors whose value at a particular future instant cannot be predicted with precision but
can only be estimated by a probability distribution function. The algebraic sign of a
random uncertainty is equally likely to be positive or negative with respect to a given
median value. Therefore, random uncertainties are eligible for the SRSS combination
propagated from the process measurement module through the signal conditioning
module of the instrument channel to the device that initiates the actuation. Some
uncertainties possess a significant correlation and are classified as dependent
uncertainties. These dependent uncertainties are combined algebraically to create a

larger independent uncertainty that is eligible for SRSS combination.

Bias uncertainties are those that consistently have the same algebraic sign. If they are
predictable for a given set of conditions because of a known positive or negative
direction, they are classified as bias with a known sign. If they do not have a known
sign, they are treated conservatively by algebraically adding the bias in the worst

direction. These are classified as bias with an unknown sign.

Abnormally distributed uncertainties are not eligible for SRSS combination since they do
not have a normal distribution. Even if they are as likely to be positive or negative with

respect to a given value, they are treated as a bias since they are non-normal.
Regulatory Guide 1.105 states that:

“The 95/95 tolerance limit is an acceptable criterion for uncertainties. That is, there is a
95 percent probability that the constructed limits contain 95 percent of the population of

interest for the surveillance interval selected.”

Although the 95/95 tolerance limit has an actual confidence level of 1.96 sigma, 2 sigma
is used to simplify calculations. Three sigma confidence levels may be reduced to 2
sigma by multiplying the uncertainty values by two-thirds. If a single value of a process

parameter is approached from one direction, + 1.645 sigma is the appropriate limit to
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use for 95 percent probability. These instrument uncertainties may use a reduction
factor of 1.645 divided by the appropriate sigma value (1.96 or 2 depending on the
original symmetric value). However, these error reduction techniques must also be

applied to the determination of the PTAC if used to determine the instrument loop CU.

2.2 General Methodology

The general methodology used to combine instrument loop uncertainties is a
combination of statistical and algebraic methods. Random and independent instrument
loop uncertainties are combined using the statistical SRSS approach with abnormally
distributed and bias uncertainties combined algebraically in accordance with ISA-
RP67.04.02-2000.

The ISA-RP67.04.02-2000 methodology is used in this report with minor changes to the
nomenclature to facilitate the presentation. Instrumentation uncertainty for most of the

protection system loops is determined by the following equation:
CU= z[(PMR)® + (PE)* + (RAsensor)” + (DRsensor)” + (TEsensor)” + (SPsensor)
+ (SEsensor)” + (AREsensor)” + (ATEsensor)? + (CTsensor)? + (MTEsensor)

+ (DRpps)? + (TEpps)® + (CTops)? + (MTEpps)’]”” + PMg + IRg + B

where:
Cu = Channel Uncertainty
PMgr = Process Measurement Uncertainty (random)
PE = Primary Element
RAsensor = Sensor Reference Accuracy
DRsensor = Sensor Drift

TEsensor = Sensor Temperature Effect
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SPsensor = Sensor Static Pressure Effect

SEsensor = Sensor Seismic Effect

AREsensor = Sensor Accident Radiation Effect

ATEsensor = Sensor Accident Temperature Effect

CTsensor = Sensor Calibration Tolerance

MTEsensor = Sensor Measurement and Test Equipment
DRpps = Digital Protection System Drift Effect

TEpps = Digital Protection System Temperature Effect
CToes = Digital Protection System Calibration Tolerance
MTEpps = Digital Protection System Measurement and Test Equipment
PMg = Process Measurement Uncertainty (bias)

IR = Insulation Resistance Effects (bias)

B = Bias (others)

Note that the preceding equation is a general example and may not be all inclusive. ltis
generally valid for protection loops that have only one input. If the measured parameter
is calculated from several inputs, a specific approach may be necessary. See Section

3.2 for more details.

The equation accounts for worst case conditions resulting from a harsh environment
such as accident radiation effects (AREs) and accident temperature effects (ATEs),
insulation resistance effects (IRs), and increased process measurement (PM)
uncertainties. Since the error caused by the ATE bounds the normal temperature effect

(TE) error, only the ATEsgnsor error would be applied. For some protective setpoints,
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the process may reach the setpoint and the instrument loop may actuate before
accident environmental conditions are reached. For those protective setpoints, the
AREsensor, ATEsensor, and IRg terms may not need to be included in the setpoint
determination, and the TEsensor Would be substituted for the ATEsensor. Each
protective setpoint must be evaluated for the projected process and environmental

conditions at the time the protective feature is actuated.

Seismic uncertainties are considered in U.S. EPR protection system setpoint
calculations. The overall CU is calculated for a safe shutdown earthquake for the U.S.

EPR protection system setpoints.

Only the general error combination technique is described in this general methodology
because of the various types of inputs to the protection system and their associated
accident considerations. Section 3.1 provides calculation summary tables with the
various types of instrument errors for a sampling of inputs to the U.S. EPR protection
system. In lieu of actual instrument uncertainty values, which will be available later,
applicable parameters are shown as “x.xx.” Instrument uncertainty values shown as “0”
do not apply to the application. The specific uncertainty equation for the applicable
parameters of each loop is provided at the bottom of each table. In some cases, both
normal uncertainty and accident uncertainty for the same instrument loop are provided
in separate tables. For example, some pressurizer (PRZ) pressure setpoints are
required to mitigate a loss-of-coolant accident (LOCA), but there is also a high pressure
setpoint for RT due to the inadvertent closure of one main steam isolation valve (MSIV).
Accident uncertainties may be required for analysis of LOCA mitigation; however, only
normal uncertainties would be considered in the analysis of an inadvertent closure of
one MSIV. Only normal uncertainties will be applied if it is later determined that a trip

will occur prior to instrumentation degradation.
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2.3 Sensor Uncertainties

Eight or seven uncertainty effects are provided in the general equation for the typical
transducers for accident and normal conditions, respectively. However, there may be
other less common effects provided in the calculation summary tables of Section 3.1.
As a general rule, these effects are considered random unless the specifications from
the manufacturer state otherwise. Zero and span static pressure effects for differential
pressure applications with high operating pressures are expected to be minimized by
compensating for them during scaling and calibration, especially if the transmitter is
subjected to high static pressure and if there is a large turndown ratio. However, any of
these effects that are not removed during the scaling or calibration process must be
accounted for in the determination of CU. This error may be considered as a bias for a
transmitter whose static pressure effect is in a predictable direction. Power supply
effects are typically insignificant because of the excellent voltage regulation and current
stability of modern power supply designs. Accident radiation effects are typically
considered where high radiation exists during accident conditions. In general, during
normal operation, instruments are located in low radiation environments, and normal
radiation effects are not applicable to instrument calibration. However, consideration
will be given to the effect between the calibration periods if a transmitter is installed in
an area where radiation levels are extremely high. Though the larger value of RA or
calibration tolerance (CT) may be used instead of including both terms, both values are
usually included since the calibration practices sometimes do not repeat point checks
enough to provide adequate assurance that the CT encompasses all of the attributes of
the RA.

The calibration process involves the errors associated with the process device(s) being
calibrated, the M&TE used to measure the input and output of the device(s), the
readability of the M&TE (normally included in the M&TE accuracy), and the ability of the
technician setting the device(s). The error associated with the devices is usually

defined as the RA. RA is based on the capability of the instrument to repeat an output
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given an identical input for multiple tests. Depending on the number of samples in the
test, this term is random approaching a normal distribution. The accuracy of the M&TE
is normally verified to be within acceptable bounds 100 percent of the time. The M&TE
error is random and the readability is normally defined as random (plus or minus
significant digits). The error associated with the actual adjustment of the process
instrument may cause a bias for a given calibration. However, over several calibrations,
both for a given channel and for all channels associated with a function, the resultant
distribution should be random, provided the technicians have been trained to set it as

close to the cardinal point without prejudice to either below or above the point.

Multiple random normally distributed errors, even when occurring at the same time, can
not be dependent by definition. Only where an abnormal distribution is included can
there be dependent conditions. There may be conditions for a given instrument where
the specific change as a result to stimuli is predictable. However, the error values are
based on groups of instruments and if the groups of instruments respond to stimuli in a

random manner, the error used in the calculation is considered random.

For the first calibration of an instrument, the setting of the input is assumed to be exact
and the only error is associated with the ability of the instrument to correctly convert that
input signal into an output signal. Each subsequent calibration value may be different
from the preceding calibration by the RA, the accuracy of the M&TE, the M&TEr, or any
bias introduced by the setting of the device and DR. Other environmental or process
conditions may also cause a change in the instrument input-to-output relationship.
Therefore, procedures and training provide adequate assurance that the setting

tolerance is maintained as a random value.

24 Instrumentation and Controls Digital Protection System Uncertainties

The digital protection system (DPS) modules cannot be calibrated; however, automated
self-checking is performed periodically to verify that the DPS modules are functioning as

expected. This approach is common to digital systems and discussed in TXS topical
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report EMF-2341(P) (Reference 14), which was accepted by the NRC in the SER.
Since the DPS module calibration check will require that the ALT for each analog
module be less than or equal to the specified acceptance criteria, the CT will be
considered in lieu of the RA for the module. The CTs of the individual modules are
combined as a random term to provide a total uncertainty value for the digital
conversion. Likewise, the DR and TE for the different modules are combined to provide
a total uncertainty value for the digital conversion. Though there may be some
variations in the modules used for the various inputs, the basic determination of the

uncertainty components can be demonstrated as follows:
CTpps = £ (CTasw? + CTsum? + CTam?) "2
DRpps = + (DRasm” + DRsum® + DRan?)'"
TEpps = + (TEasm? + TEswm? + TEam?) "2
where: ASM is the Analog Signal Module
SMM is the Standard Signal Multiplier Module

AIM is the Analog Input Module for the A/D conversion

Components inside the DPS cabinets are subject to higher temperatures than the
ambient room temperature. Thus, a maximum heat rise inside the DPS cabinets will be
assumed and used, along with the ambient temperature, to determine the TE on these

instruments.

Any significant additional errors such as digital calculation errors, sampling rate
uncertainty, and truncation and rounding uncertainty will be considered based on
guidance in the determination of uncertainties associated with digital signal processing
provided in ISA 67.04.02-2000 Annex H.
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2.5 Miscellaneous Uncertainties
2.51 Bias Errors

Although the uncertainty equations depict bias errors as positive errors, they may have
a positive or negative value. The positive random and bias values are considered for
decreasing process conditions and the negative random and bias values are considered
for increasing process conditions. Bias terms in the opposite direction are generally
ignored with relation to the AL, but are considered to establish the setpoint in relation to
the operating limit. For instance, the negative uncertainties represent the worst case for
increasing level; therefore, negative PM uncertainties are used. Although the potential
exists for a positive insulation resistance error under harsh environmental conditions,
this error would not be used to reduce the negative errors since it may or may not exist.
The bounding case for the increasing level example is to combine the negative bias
uncertainty with the random uncertainties and ignore the positive uncertainty. However,
in some cases a positive bias can cancel out or offset a negative bias and vice versa.
This method is only practiced when the direction and magnitude of the biases are

known and when both biases are present at the same time.

2.5.2 Process Measurement Uncertainty

PM uncertainty includes non-instrument influences such as temperature stratification,
and density variations from calibrated conditions. PM uncertainties from density
changes because of temperature variations can be reduced by scaling compensation
during calibration. Typically, for a flow or level calculation, PM uncertainties that cannot
be eliminated are considered to be bias. PM uncertainties for pressure applications are
generally not considered since they are typically considered insignificant. PM
uncertainty also applies to other influences such as nuclear instrumentation system and

calorimetric power, and may be treated as a random error in some cases.
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253 Primary Element Uncertainty

The primary element (PE) uncertainty is contained in some instrument loops and
converts the measured variable energy into a form that is suitable for measurement.
The uncertainty associated with this device is typically considered to be random unless
explicitly stated otherwise by the vendor. Examples of this type of element are a flow

nozzle, orifice plate, or venturi.

2.5.4 Miscellaneous Effects

Miscellaneous effects (ME) are not shown in the example in Section 2.2 since they are
only applicable for flow loops. Bends, fittings, and valves in piping systems can cause
turbulence in fluid flow. The PM uncertainties created by this turbulence can be
minimized by following the guidance of the American Society of Mechanical Engineers
(ASME) on acceptable straight piping length recommendations upstream and
downstream of the flow elements. The resultant flow measurement error due to piping
configuration shall be assumed to be + 0.5 percent of the discharge coefficient (£ 0.5
percent reading) provided the minimum pipe lengths are met. If the minimum criteria
cannot be met, an additional tolerance of £ 0.5 percent of reading must be applied to

the flow measurement error allowance (Reference 8, 10, 11).

255 Measurement and Test Equipment Uncertainties

ISA S51.1-1979 (Reference 12) states that the uncertainty of M&TE with an accuracy of
one-tenth or less of the device under test is mathematically insignificant. Because of
the high accuracy of most modern instrumentation, it is becoming increasingly difficult to
achieve this ratio; therefore, M&TE uncertainties will be included in all the calculations.
The U.S. EPR calibration procedures will be written to specify the appropriate M&TE
accuracy for each device or function (Section 4.4). In cases where multiple M&TE
devices are used to calibrate a sensor, DPS modules or total loop, the individual M&TE
uncertainties will be combined under the SRSS method to establish the M&TE
uncertainty.
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2.6 Differential Pressure to Flow Conversion

Differential pressure (AP) transmitters are often used for the measurement of flow. The
associated AP errors must be expressed in the same base as the flow errors. The
following conversion represents the square root relationship between flow and AP after

removal of the constant terms:

F=(AP)"” and F?=AP

therefore:

2F3F = 8AP
and:

OF = 0AP / 2F

where OF represents the accuracy of the differential transmitter in terms of flow.

Consider an application with a AP error of 2 percent with the flow of interest being 75

percent:
OF = 0AP / 2F
oF =2% /(2 * 0.75)
oF = 1.33%
where F is flow rate stated as (% flow rate/100)

It shall be noted that the following method example used in ISA 67.04.02-2000 Annex L

shall be used at flow rates below 50 percent.

For example, consider an application with a AP error of 2 percent with the flow of

interest being 15 percent:
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SF = 5AP / 2F
OF =2%/ (2 *0.15)
SF = 6.67%
versus:
% Flow = 10 (%AP)"?
therefore:
% AP = (% Flow)?/100
= (15%)%/100
=2.25%
% Flow = 10 (AP% — 5AP%)""
=10 (2.25% — 2%)""?
= 5%
therefore:
SF  =15%-5%

=10%

It is preferable to use a narrow range transmitter in this case.

2.7 Definitions

Abnormally Distributed Uncertainties. Uncertainties that do not have a normal

distribution and are not eligible for SRSS combination.
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Accident Conditions. The worst case environmental conditions expected during or
after a design basis event in which the harsh environment may cause degradation to
plant instrumentation (e.g. seismic effects, radiation effects, elevated temperatures
effects).

Allowable Value (AV). A limiting value that the trip setpoint may have when tested
periodically, beyond which appropriate action shall be taken (ISA-RP67.04.02-2000).

Analytical Limit (AL). The limit of a measured or calculated variable established by
the safety analysis to ensure that a safety limit is not exceeded (ISA-RP67.04.02-
2000).

As-found (AF). The condition in which a channel, or portion of a channel, is found after
a period of operations and before recalibration, if necessary (ISA-RP67.04.02-2000).

As-left Tolerance (ALT). The condition in which a channel, or portion of a channel, is
left after calibration or final setpoint device setpoint verification (ISA-RP67.04.02-
2000).

Bias (B). An uncertainty component that consistently has the same algebraic sign and
is expressed as an estimated limit of error (ISA-RP67.04.02-2000). Biases that are
fixed and that can be removed (such as static head effect, line loss effect, etc.) will
not be accounted for in the uncertainty determination since they will be compensated
for in the scaling of the instrumentation. Other bias effects such as process
measurement uncertainties for flow and level applications can be reduced during the
scaling. Any bias effects that cannot be calibrated out will be accounted for in the
uncertainty determination.

Calibration Tolerance (CT). The tolerance allowed during the calibration of a device.
This is typically a tolerance provided on both sides of a desired setting or reading.

Channel Uncertainty (CU). The combined uncertainties of an instrument loop
including the process, sensing equipment, and digital conversion of the signal.

Conformity. The closeness to which a curve approximates a specified curve.

Drift (DR). An undesired change in output over a period of time where change is
unrelated to the input, environment, or load (ISA-RP67.04.02-2000).
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Error. The algebraic difference between the indication and the ideal value of the
measured signal (ISA-RP67.04.02-2000).

Full Scale. The highest value (100 percent) of the measured parameter that the device
is adjusted to measure. Full scale is equal to the span for instruments that are zero-
based.

Hysteresis. The variation between the upscale and downscale readings of the
measured signal during a full scale traverse for the same input.

Insulation Resistance Effect (IR). The change in measurement signal due to an
increase in leakage current between the conductors of instrument signal
transmission components such as cables, connectors, splices, etc. The increased
leakage is caused by the decrease of component insulation resistance due to
extreme changes in environmental conditions and is treated as a bias. Guidance in
the determination of IR is provided in ISA 67.04.02-2000 Annex D.

Limiting Trip Setpoint (LTSP). The limiting value for the nominal trip setpoint so that
the trip or actuation will occur before the AL is reached, regardless of the process or
environmental condition affecting the instrumentation (ANSI/ISA-67.04.01-2006).
The term used in the Plant Technical Specifications is the same as the LSSS since
the calculation of the LTSP considers all known errors and the appropriate
combination of these errors. Margin is not included in the determination of this
value.

Limiting Safety System Setting (LSSS). Settings for automatic protective devices
related to those variables having significant safety functions (10 CFR 50.36).

Linearity. A specific type of conformity (the deviation between the actual calibration
curve and the specified curve).

Lower Range Limit. The minimum lower limit of the span that the device can be
adjusted to during calibration.

Margin. In setpoint determination, margin is an allowance added to the instrument CU.
It moves the setpoint farther away from the AL and is the difference between the
LTSP and the NTSP (ISA-RP67.04.02-2000).
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Measurement and Test Equipment Effect (MTE). Uncertainties of the measurement
and test equipment utilized during the calibration of a device or multiple devices in
an instrument loop.

Nominal Trip Setpoint (NTSP). A predetermined value for actuation of a final setpoint
device to initiate a protective action (ANSI/ISA-67.04.01-2006). This is the actual
setting value programmed for the protective trip function which accounts for the
various instrumentation loop uncertainties including margin for conservatism to
ensure the AL is not exceeded.

Normal Conditions. The normal process, plant, and environmental conditions
expected during the normal operation of the plant such as process fluid
temperatures and pressures, humidity, ambient temperature, and radiation levels.

Performance Test Acceptance Criteria (PTAC). The acceptance criteria for
performance tests known as the AF and ALT limits. This term is now used in lieu of
“allowable value” in ISA-S67.04-01-2006. The purpose of this terminology change is
to keep degradation of instrumentation from being masked due to excessive
tolerances during performance testing.

Primary Element (PE). The system element that quantitatively converts the measured
variable energy into a form suitable for measurement (ISA-RP67.04.02-2000).

Process Measurement (PM) Uncertainty. Uncertainties which are inherent in the
method of measurement of a parameter, or which are caused by changing process
or measurement apparatus conditions from a reference condition assumed for the
measurement validity. Process effects are not instrument related but are due to
characteristics of the process signal received by a sensor. This term may also be
known as process allowance or process considerations.

Radiation Effect (RE). The degradation of the instrument as a result of radiation
exposure. During normal operating conditions, this effect is assumed to be
negligible since it is removed by the calibration process.

Reference Accuracy (RA). A number or quantity that defines a limit that errors will not
exceed when a device is used under specified operating conditions (ISA-
RP67.04.02-2000). RA for analog devices typically includes the combined three
attributes of conformity, hysteresis, and repeatability.
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Repeatability. The closeness of agreement among a number of consecutive
measurements of the output for the same input value. The measurements must be
taken under the same operating conditions, approaching from the same direction, for
the full range traverses.

Safety Limits. Limits placed on an important process variables that are found to be
necessary to reasonably protect the integrity of certain physical barriers that guard
against uncontrolled release of radioactivity (10 CFR 50.36).

Seismic Effect (SE). The uncertainties caused by the vibration associated with an
earthquake.

Self Heating Error (SH). The internal heating as a result of the electric energy
dissipated from a device such as a resistance temperature detector (RTD).

Sensor. The portion of an instrument channel that responds to changes in a plant
variable or condition and converts the measured process variable into a signal;
electric or pneumatic (ISA-RP67.04.02-2000),for example.

Span. The algebraic difference between the upper and lower values of a calibrated
range (ISA-RP67.04.02-2000).

Static Pressure Effect (SP). The error induced due to the process static pressure
differences between calibration and operating conditions.

Temperature Effect (TE). TE accounts for the uncertainties due to the change in
ambient temperature from the calibration base temperature to the operating
conditions of the same device.

Tolerance. The allowable variation from a specified or true value (ISA-RP67.04.02-
2000).

Turndown Ratio. The ratio of the upper range limit to the actual calibrated span of an
instrument.

Uncertainty. The amount to which the output of an instrument channel is in doubt (or
the allowance made therefore) due to possible errors, either random or systematic,



AREVA NP Inc. ANP-10275NP

Revision 0
U.S. EPR Instrument Setpoint Methodology

Topical Report Page 2-19

that have not been corrected. The uncertainty is generally identified within a
probability and confidence level (ISA-RP67.04.02-2000).

Upper Range Limit. The maximum upper limit of the span to which the device can be
adjusted during calibration.
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3.0 U.S. EPR PROTECTION SYSTEM

3.1 System Inputs

To demonstrate the application of the generic setpoint methodology, a sample of the U.S.
EPR protection system functions is analyzed. The protection system functions consist of

the RT system and functions related to engineered safety features actuation.

The following is a sample list of the U.S. EPR protection system functions used to

demonstrate the general setpoint methodology.
e Pressurizer Pressure (Normal Conditions).
e Pressurizer Pressure (Accident Conditions).
e Pressurizer Level (Normal Conditions).
e Steam Generator Pressure (Normal Conditions).
e Steam Generator Pressure (Accident Conditions).
e Steam Generator Minimum Narrow Range (NR) Level (Accident Conditions).
e Steam Generator Maximum Narrow Range Level (Normal Conditions).
e Steam Generator Minimum Wide Range Level (Accident Conditions).
e Steam Generator Maximum Wide Range Level (Normal Conditions).
e Containment Pressure — Stage 1 (NR).
e Containment Pressure — Stage 2 (WR).
e Hot Leg Pressure (Accident Conditions).
e Power Range Excore Detectors (Accident Conditions).
¢ Intermediate Range Excore Detectors — High Flux (Accident Conditions).
¢ Intermediate Range Excore Detectors — Low Doubling Time.

e Narrow Range Hot Leg Temperature (Accident Conditions).
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e Narrow Range Cold Leg Temperature (Accident Conditions).
e Wide Range Hot Leg Temperature (Accident Conditions).

¢ Wide Range Cold Leg Temperature (Accident Conditions).

e Reactor Coolant Pump Speed (Normal Conditions).

e Reactor Coolant Pump Speed (Accident Conditions).

e Reactor Coolant System Flow.

e Rod Cluster Control Assembly Position Primary Coil.

¢ Rod Cluster Control Assembly Position Secondary Coil.

e Reactor Coolant Pump Differential Pressure (Accident Conditions).
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Table 3.1-1 Pressurizer Pressure Input (Normal Conditions)
RT on PRZ Pressure > Max2
Uncertainty
Normal Environment (% Span)

Process & Misc. Effects

Process Measurement (PM)
Primary Element (PE)
Insulation Resistance Error (IRg)

Sensor

Sensor Reference Accuracy (RAsensor)

Sensor Drift (DRSENSOR)

Sensor Temperature Effect (TEsgnsor)

Sensor Static Pressure Effect (SPsensor)

Sensor Accident Radiation Effect (AREsgnsor)

Sensor Seismic Effect (SEsensor)

Sensor Accident Temperature Effect (ATEsensor)
Sensor Calibration Tolerance (CTsgnsor)

Sensor Measurement and Test Equipment (MTEsensor)

Digital Protection System (DPS)

DPS Dirift (DRDps)

DPS Temperature Effect (TEpps)

DPS Calibration Tolerance (CTpps)

DPS Measurement and Test Equipment (MTEpps)

Loop Accuracy

CU =

CU = X.XXRandom * OBias

CU= X.XxX % Span
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Table 3.1-2 Pressurizer Pressure Input (Accident Conditions)

RT on PRZ Pressure < Min2; RT on Low DNBR; and SIS on PRZ Pressure < Min 3
with inputs to RT Confirmation, RCP Trip, EFWS Actuation on SIS and LOOP,

Containment Isolation, and MSRT Signal

Harsh Environment
Process & Misc. Effects

Process Measurement (PM)
Primary Element (PE)
Insulation Resistance Error (IRg)

Sensor

Sensor Reference Accuracy (RAsensor)

Sensor Drift (DRsensor)

Sensor Temperature Effect (TEsgnsor)

Sensor Static Pressure Effect (SPsensor)

Sensor Accident Radiation Effect (AREsgnsor)

Sensor Seismic Effect (SEsensor)

Sensor Accident Temperature Effect (ATEsensor)
Sensor Calibration Tolerance (CTsgensor)

Sensor Measurement and Test Equipment (MTEsensor)

Digital Protection System (DPS)

DPS Dirift (DRpps)

DPS Temperature Effect (TEpps)

DPS Calibration Tolerance (CTpps)

DPS Measurement and Test Equipment (MTEpps)

Loop Accuracy

CU=
CU=
CU = X.XXRandom * X.XXBias

CU= X.XX % Span

Uncertainty
(% Span)
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Table 3.1-3 Pressurizer Level Input (Normal Conditions)

RT on PRZ Level > Max1 and Shutdown CVCS Charging Line on PRZ Level > Max2

Normal Environment
Process & Misc. Effects

Process Measurement j
Primary Element (PE)
Insulation Resistance Error (IRg)

Sensor

Sensor Reference Accuracy (RAsensor)

Sensor Drift (DRsensoRr)

Sensor Temperature Effect (TEsensor)

Sensor Static Pressure Effect (SPsensor)

Sensor Accident Radiation Effect (AREsgnsor)

Sensor Seismic Effect (SEsensor)

Sensor Accident Temperature Effect (ATEsensor)
Sensor Calibration Tolerance (CTsgensor)

Sensor Measurement and Test Equipment (MTEsgnsor)

Digital Protection System (DPS)

DPS Drift (DRpps)

DPS Temperature Effect (TEpps)

DPS Calibration Tolerance (CTpps)

DPS Measurement and Test Equipment (MTEpps)

Loop Accuracy

CU =

CU= X.XXRandom t X.XXBias

Cu= X.XX % Span

Uncertainty
(% Span)
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Table 3.1-4 Steam Generator Pressure Input (Normal Conditions)

RT on SG Pressure > Max1 and Partial Cooldown Signals

Uncertainty
Normal Environment (% Span)

Process & Misc. Effects

Process Measurement (PM)
Primary Element (PE)
Insulation Resistance Error (IRg)

Sensor

Sensor Reference Accuracy (RAsensor)

Sensor Drift (DRsensor)

Sensor Temperature Effect (TEsensor)

Sensor Static Pressure Effect (SPsensor)

Sensor Accident Radiation Effect (AREsgnsor)

Sensor Seismic Effect (SEsensor)

Sensor Accident Temperature Effect (ATEsensor)
Sensor Calibration Tolerance (CTsgnsor)

Sensor Measurement and Test Equipment (MTEsgensor)

Digital Protection System (DPS)

DPS Drift (DRpps)

DPS Temperature Effect (TEpps)

DPS Calibration Tolerance (CTpps)

DPS Measurement and Test Equipment (MTEpps)

Loop Accuracy

CU =

CU = X.XXRandom * OBias

CU= X.XX % Span
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Table 3.1-5 Steam Generator Pressure Input (Accident Conditions)

RT on SG Pressure Drop > Max1, MSIV Closure on SG Pressure Drop > Max1, RT on
SG Pressure < Min1, MSIV Closure on SG Pressure < Min1, MSRT Opening on SG
Pressure > Max1, MFWS Isolation on SG Pressure < Min2, MSRT Closure on SG
Pressure < Min3, MFWS Isolation on SG Pressure Drop > Max2 and MSRCV Control

on SG Pressure Input

Harsh Environment
Process & Misc. Effects

Process Measurement (PM)
Primary Element (PE)
Insulation Resistance Error (IRg)

Sensor

Sensor Reference Accuracy (RAsensor)

Sensor Drift (DRsensor)

Sensor Temperature Effect (TEsensor)

Sensor Static Pressure Effect (SPsensor)

Sensor Accident Radiation Effect (AREsgnsor)

Sensor Seismic Effect (SEsensor)

Sensor Accident Temperature Effect (ATEsensor)
Sensor Calibration Tolerance (CTsgnsor)

Sensor Measurement and Test Equipment (MTEsgensor)

Digital Protection System (DPS)

DPS Drift (DRpps)

DPS Temperature Effect (TEpps)

DPS Calibration Tolerance (CTpps)

DPS Measurement and Test Equipment (MTEpps)

Loop Accuracy

CU =

CU= X.XXRandom t X.XXBias

CU= X.XX % Span

Uncertainty

(% Span)
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Table 3.1-6 Steam Generator Minimum Narrow Range Level Input
(Accident Conditions)
RT on SG Level < Min1
Uncertainty
Harsh Environment (% Span)

Process & Misc. Effects

Process Measurement

]

Insulation Resistance Error (IRg)
Sensor

Sensor Reference Accuracy (RAsensor)

Sensor Drift (DRSENSOR)

Sensor Temperature Effect (TEsgnsor)

Sensor Static Pressure Effect (SPsensor)

Sensor Accident Radiation Effect (AREsgnsor)

Sensor Seismic Effect (SEsensor)

Sensor Accident Temperature Effect (ATEsensor)
Sensor Calibration Tolerance (CTsgnsor)

Sensor Measurement and Test Equipment (MTEsensor)

Digital Protection System (DPS)

DPS Dirift (DRDps)

DPS Temperature Effect (TEpps)

DPS Calibration Tolerance (CTpps)

DPS Measurement and Test Equipment (MTEpps)

Loop Accuracy

CU =

CU= X.XXRandom * X.XXBias

CU= X.XX % Span
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Table 3.1-7 Steam Generator Maximum Narrow Range Level Input

(Normal Conditions)

RT on SG Level > Max1, MFWS Full Load Closure on SG Level > Max1, MFWS Train
Isolation on SG Level > Max0, MSIV Closure on SG Level > Max2, Shutdown of
CVCS Charging on SG Level > Max 2, MSRT Setpoint Increase on SG Level > Max 2,

and Partial Cooldown on SG Level > Max 2

Normal Environment
Process & Misc. Effects

Process Measurement

Insulation Resistance Error (IRg)
Sensor

Sensor Reference Accuracy (RAsensor)

Sensor Drift (DRsensor)

Sensor Temperature Effect (TEsensor)

Sensor Static Pressure Effect (SPsensor)

Sensor Accident Radiation Effect (AREsgnsor)

Sensor Seismic Effect (SEsensor)

Sensor Accident Temperature Effect (ATEsensor)
Sensor Calibration Tolerance (CTsgensor)

Sensor Measurement and Test Equipment (MTEsgensor)

Digital Protection System (DPS)

DPS Dirift (DRDps)

DPS Temperature Effect (TEpps)

DPS Calibration Tolerance (CTpps)

DPS Measurement and Test Equipment (MTEpps)

Loop Accuracy

CU =

CU = X.XXRandom + XXXB|aS

CU= X.XX % Span

Uncertainty
(% Span)
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Table 3.1-8 Steam Generator Minimum Wide Range Level Input

(Accident Conditions)

RCP Trip on SG WR Level < Min2, EFWS Actuation Signal on SG WR Level < Min2,
and SG Blowdown Isolation on SG WR Level < Min2

Harsh Environment
Process & Misc. Effects

Process Measurement

Insulation Resistance Error (IRg)
Sensor

Sensor Reference Accuracy (RAsensor)

Sensor Drift (DRSENSOR)

Sensor Temperature Effect (TEsgnsor)

Sensor Static Pressure Effect (SPsensor)

Sensor Accident Radiation Effect (AREsgnsor)

Sensor Seismic Effect (SEsensor)

Sensor Accident Temperature Effect (ATEsensor)
Sensor Calibration Tolerance (CTsgnsor)

Sensor Measurement and Test Equipment (MTEsensor)

Digital Protection System (DPS)

DPS Dirift (DRDps)

DPS Temperature Effect (TEpps)

DPS Calibration Tolerance (CTpps)

DPS Measurement and Test Equipment (MTEpps)

Loop Accuracy

CU =

CU = X.XXRandom + X.XXBias

CU= X.XX % Span

Uncertainty
(% Span)
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Table 3.1-9 Steam Generator Maximum Wide Range Level Input
(Normal Conditions)
EFWS Isolation Signal on SG WR Level > Max1
Uncertainty
Normal Environment (% Span)

Process & Misc. Effects

Process Measurement

]

Insulation Resistance Error (IRg)
Sensor

Sensor Reference Accuracy (RAsensor)

Sensor Drift (DRSENSOR)

Sensor Temperature Effect (TEsgnsor)

Sensor Static Pressure Effect (SPsensor)

Sensor Accident Radiation Effect (AREsgnsor)

Sensor Seismic Effect (SEsensor)

Sensor Accident Temperature Effect (ATEsensor)
Sensor Calibration Tolerance (CTsgnsor)

Sensor Measurement and Test Equipment (MTEsensor)

Digital Protection System (DPS)

DPS Dirift (DRDps)

DPS Temperature Effect (TEpps)

DPS Calibration Tolerance (CTpps)

DPS Measurement and Test Equipment (MTEpps)

Loop Accuracy

CU =

CU = X.XXRandom * X.XXBjas

CU= X.XX % Span
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Table 3.1-10 Containment Pressure Stage 1 Narrow Range Input

RT on Containment Pressure > Max1 and Containment Isolation on Containment

Pressure > Max1

Normal Environment
Process & Misc. Effects

Process Measurement (PM)
Primary Element (PE)
Insulation Resistance Error (IRg)

Sensor

Sensor Reference Accuracy (RAsensor)

Sensor Drift (DRSENSOR)

Sensor Temperature Effect (TEsgnsor)

Sensor Static Pressure Effect (SPsensor)

Sensor Accident Radiation Effect (AREsgnsor)

Sensor Seismic Effect (SEsensor)

Sensor Accident Temperature Effect (ATEsensor)
Sensor Calibration Tolerance (CTsgnsor)

Sensor Measurement and Test Equipment (MTEsensor)

Digital Protection System (DPS)

DPS Dirift (DRDps)

DPS Temperature Effect (TEpps)

DPS Calibration Tolerance (CTpps)

DPS Measurement and Test Equipment (MTEpps)

Loop Accuracy

CU =

CU = X.XXRandom * OBias

CU= X.XX % Span

Uncertainty
(% Span)
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Table 3.1-11 Containment Pressure Stage 2 Wide Range Input

Containment Isolation on Containment Pressure > Max2

Uncertainty
Normal Environment (% Span)

Process & Misc. Effects

Process Measurement (PM)
Primary Element (PE)
Insulation Resistance Error (IRg)

Sensor

Sensor Reference Accuracy (RAsensor)

Sensor Drift (DRsensor)

Sensor Temperature Effect (TEsensor)

Sensor Static Pressure Effect (SPsensor)

Sensor Accident Radiation Effect (AREsgnsor)

Sensor Seismic Effect (SEsensor)

Sensor Accident Temperature Effect (ATEsensor)
Sensor Calibration Tolerance (CTsgnsor)

Sensor Measurement and Test Equipment (MTEsgensor)

Digital Protection System (DPS)

DPS Drift (DRpps)

DPS Temperature Effect (TEpps)

DPS Calibration Tolerance (CTpps)

DPS Measurement and Test Equipment (MTEpps)

Loop Accuracy

CU = X.XXRandom * OBias

CU= X.XxX % Span
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Table 3.1-12 Hot Leg Pressure Input (Accident Conditions)

RT on Hot Leg Pressure < Min 1, RT on HCPL/Low Saturation Margin, and SIS on
AP, with inputs to RT Confirmation, RCP Trip, EFWS Actuation on SIS and LOOP,
Containment Isolation, MSRT Signal, and PSRV Opening

Harsh Environment
Process & Misc. Effects

Process Measurement (PM)
Primary Element (PE)
Insulation Resistance Error (IRg)

Sensor

Sensor Reference Accuracy (RAsensor)

Sensor Drift (DRSENSOR)

Sensor Temperature Effect (TEsgnsor)

Sensor Static Pressure Effect (SPsensor)

Sensor Accident Radiation Effect (AREsgnsor)

Sensor Seismic Effect (SEsensor)

Sensor Accident Temperature Effect (ATEsensor)
Sensor Calibration Tolerance (CTsgnsor)

Sensor Measurement and Test Equipment (MTEsensor)

Digital Protection System (DPS)

DPS Drift (DRpps)

DPS Temperature Effect (TEpps)

DPS Calibration Tolerance (CTpps)

DPS Measurement and Test Equipment (MTEpps)

Loop Accuracy

CU =

CU = X.XXRandom + X.XXBias

Cu= X.XX % Span

Uncertainty
(% Span)
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Table 3.1-13 Power Range Excore Detectors (Accident Conditions)

RT on Loop High Neutron Flux Rate of Change and RT on Low DNBR

Harsh Environment
Process & Misc. Effects

Process Measurement

Insulation Resistance Error (IRg)
Sensor

Sensor Reference Accuracy (RAsensor) !

Sensor Drift (DRsensor) 2

Sensor Temperature Effect (TEsgnsor) |

Sensor Static Pressure Effect (SPsensor)

Sensor Power Supply Effect (PSsensor) |

Sensor Accident Radiation Effect (AREsgnsor)

Sensor Seismic Effect (SEsensor)

Sensor Accident Temperature Effect (ATEsensor)
Sensor Calibration Tolerance (CTsensor) °

Sensor Measurement and Test Equipment (MTEsensor)

Digital Protection System (DPS)

DPS Drift (DRpps)

DPS Temperature Effect (TEpps)

DPS Calibration Tolerance (CTpps)

DPS Measurement and Test Equipment (MTEpps)
DPS Digital Processing of Signal (DPpps)

Loop Accuracy

cu= |

CU-=

CU = X.XXRandom * X.XXBias
CU= X.XX % Span

; Use of a rate derivative eliminates steady state errors.
Zeroed out by calorimetric.
% Included in calorimetric.

Uncertainty
(% Span)
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Table 3.1-14 Intermediate Range Excore Detectors - High Flux
(Accident Conditions)
RT on High Neutron Flux
Uncertainty
Harsh Environment (% Span)
Process & Misc. Effects
Process Measurement — —

Insulation Resistance Error (IRg)
Sensor

Sensor Reference Accuracy (RAsensor)

Sensor Drift (DRsgnsor) 4

Sensor Temperature Effect (TEsensor)

Sensor Static Pressure Effect (SPsensor)

Sensor Power Supply Effect (PSsensor)

Sensor Accident Radiation Effect (AREsgnsor)

Sensor Seismic Effect (SEsensor)

Sensor Accident Temperature Effect (ATEsensor)
Sensor Calibration Tolerance (CTsensor) '

Sensor Measurement and Test Equipment (MTEsensor) !

Digital Protection System (DPS)

DPS Dirift (DRDps)

DPS Temperature Effect (TEpps)

DPS Calibration Tolerance (CTpps)

DPS Measurement and Test Equipment (MTEpps)
DPS Digital Processing of Signal (DPpps)

Loop Accuracy

CU-=

CU-=

CU= X.XXRandom t X.XXBias
CU= X.XX % Span

" Included in PM.
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Table 3.1-15 Intermediate Range Excore Detectors - Low Doubling Time

RT on Low Doubling Time

Uncertainty
Normal Environment (% Span)
Process & Misc. Effects
Proc Measurement —

Sensor

Sensor Reference Accuracy (RAsensor)

Sensor Drift (DRsensor) °

Sensor Temperature Effect (TEsensor)

Sensor Static Pressure Effect (SPsensor)

Sensor Power Supply Effect (PSsensor)

Sensor Accident Radiation Effect (AREsgnsor)

Sensor Seismic Effect (SEsensor)

Sensor Accident Temperature Effect (ATEsensor)
Sensor Calibration Tolerance (CTsensor) '

Sensor Measurement and Test Equipment (MTEsensor) !

Digital Protection System (DPS)

DPS Drift (DRpps)

DPS Temperature Effect (TEpps)

DPS Calibration Tolerance (CTpps)

DPS Measurement and Test Equipment (MTEpps)
DPS Digital Processing of Signal (DPpps)

Loop Accuracy

Cu=

Cu=

CU= X.XXRandom * X.XXBjas
CU= X.XX % Span

" Included in PM.
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Table 3.1-16 Narrow Range Hot Leg Temperature Input
(Accident Conditions)
RT on HCPL / Low Saturation Margin
Uncertainty
Harsh Environment (% Span)

Process & Misc. Effects
Proceﬁ Measurement

]

RTD

Insulation Resistance Error (IRg)
Sensor

Sensor Reference Accuracy (RAsensor)

Sensor Drift (DRsensor)

Sensor Temperature Effect (TEsensor)

Sensor Static Pressure Effect (SPsensor)

Sensor Accident Radiation Effect (AREsgnsor)

Sensor Seismic Effect (SEsensor)

Sensor Accident Temperature Effect (ATEsensor) (see Section 4.4)
Sensor Calibration Tolerance (CTsgensor)

Sensor Measurement and Test Equipment (MTEsgensor)

Digital Protection System (DPS)

DPS Drift (DRpps)

DPS Temperature Effect (TEpps)

DPS Calibration Tolerance (CTpps)

DPS Measurement and Test Equipment (MTEpps)

Loop Accuracy

CU=

CU=

CU = X.XXRandom * X.XXBias
Cu= X.XX % Span

CUavc = (CUgandom?> / Number of Loops) ”* + CUgias
CUAVG = X.XX % Span
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Table 3.1-17 Narrow Range Cold Leg Temperature Input
(Accident Conditions)
RT on Low DNBR
Uncertainty
Harsh Environment (% Span)

Process & Misc. Effects

Process Measurement (PMg)

RTD E j

Insulation Resistance Error (IRg)
Sensor

Sensor Reference Accuracy (RAsensor)

Sensor Drift (DRSENSOR)

Sensor Temperature Effect (TEsgnsor)

Sensor Static Pressure Effect (SPsensor)

Sensor Accident Radiation Effect (AREsgnsor)

Sensor Seismic Effect (SEsensor)

Sensor Accident Temperature Effect (ATEsensor) (see Section 4.4)
Sensor Calibration Tolerance (CTsgnsor)

Sensor Measurement and Test Equipment (MTEsensor)

Digital Protection System (DPS)

DPS Drift (DRpps)

DPS Temperature Effect (TEpps)

DPS Calibration Tolerance (CTpps)

DPS Measurement and Test Equipment (MTEpps)

Loop Accuracy

CU =

CU = X.XXRandom + X.XXBias

CU= X.XX % Span
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Table 3.1-18 Wide Range Hot Leg Temperature Input
(Accident Conditions)

SIS on APg,; with inputs to RT Confirmation, RCP Trip, EFWS Actuation on SIS and

LOOP, Containment Isolation, and MSRT Signal

Uncertainty
(% Span)

Harsh Environment
Process & Misc. Effects

Process Measurement (PMg)

1

RTD

Insulation Resistance Error (IRg)
Sensor

Sensor Reference Accuracy (RAsensor)

Sensor Drift (DRsensor)

Sensor Temperature Effect (TEsgnsor)

Sensor Static Pressure Effect (SPsensor)

Sensor Accident Radiation Effect (AREsgnsor)

Sensor Seismic Effect (SEsensor)

Sensor Accident Temperature Effect (ATEsensor) (see Section 4.4.3)
Sensor Calibration Tolerance (CTsgnsor)

Sensor Measurement and Test Equipment (MTEsensor)

Digital Protection System (DPS)

DPS Drift (DRpps)

DPS Temperature Effect (TEpps)

DPS Calibration Tolerance (CTpps)

DPS Measurement and Test Equipment (MTEpps)

Loop Accuracy

CU =

CU = X.XXRandom i X.XXBiaS

CU= X.XX % Span
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Table 3.1-19 Wide Range Cold Leg Temperature Input
(Accident Conditions)
RT on HCPL / Low Saturation Margin
Uncertainty
Accident Environment (% Span)

Process & Misc. Effects

Proceﬁ Measurement (PMg)

]

RTD g

Insulation Resistance Error (IRg)
Sensor

Sensor Reference Accuracy (RAsensor)

Sensor Drift (DRsensor)

Sensor Temperature Effect (TEsensor)

Sensor Static Pressure Effect (SPsensor)

Sensor Accident Radiation Effect (AREsgnsor)

Sensor Seismic Effect (SEsensor)

Sensor Accident Temperature Effect (ATEsensor) (see Section 4.4)
Sensor Calibration Tolerance (CTsgensor)

Sensor Measurement and Test Equipment (MTEsensor)

Digital Protection System (DPS)

DPS Dirift (DRDPs)

DPS Temperature Effect (TEpps)

DPS Calibration Tolerance (CTpps)

DPS Measurement and Test Equipment (MTEpps)

Loop Accuracy
Cu=

CU = X.XXRandom + XXXB|aS

CU= X.XX % Span
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Table 3.1-20 Reactor Coolant Pump Speed Input
(Normal Conditions)
RT on Low RCP Speed
Uncertainty
Normal Environment (% Span)

Process & Misc. Effects

Process Measurement (PM)
Primary Element (PE)
Insulation Resistance Error (IRg)

Sensor

Sensor Reference Accuracy (RAsensor)

Sensor Drift (DRsensor)

Sensor Temperature Effect (TEsensor)

Sensor Static Pressure Effect (SPsensor)

Sensor Accident Radiation Effect (AREsgnsor)

Sensor Seismic Effect (SEsensor)

Sensor Accident Temperature Effect (ATEsensor)
Sensor Calibration Tolerance (CTsgnsor)

Sensor Measurement and Test Equipment (MTEsgensor)

Digital Protection System (DPS)

DPS Drift (DRpps)

DPS Temperature Effect (TEpps)

DPS Calibration Tolerance (CTpps)

DPS Measurement and Test Equipment (MTEpps)

Loop Accuracy

CU-=
CU-=
CU = X.XXRandom * OBias

CU= X.XX % Span
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Table 3.1-21 Reactor Coolant Pump Speed Input (Accident Conditions)

RT on Low DBNR

Harsh Environment
Process & Misc. Effects

Process Measurement (PM)
Primary Element (PE)
Insulation Resistance Error IRg

Sensor

Sensor Reference Accuracy (RAsensor)

Sensor Drift (DRSENSOR)

Sensor Temperature Effect (TEsgnsor)

Sensor Static Pressure Effect (SPsensor)

Sensor Accident Radiation Effect (AREsgnsor)

Sensor Seismic Effect (SEsensor)

Sensor Accident Temperature Effect (ATEsensor)
Sensor Calibration Tolerance (CTsgnsor)

Sensor Measurement and Test Equipment (MTEsensor)

Digital Protection System (DPS)

DPS Dirift (DRDps)

DPS Temperature Effect (TEpps)

DPS Calibration Tolerance (CTpps)

DPS Measurement and Test Equipment (MTEpps)

Loop Accuracy

CU =

CU = X.XXRandom + XXXB|as

CU= X.XX % Span

Uncertainty
(% Span)
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Table 3.1-22 Reactor Coolant System Flow Input

RT on Low Loop Flow Rate with Inputs to Loss of RCP, RT on Low DNBR, and
HCPL; and RT on Low-Low Loop Flow Rate

Uncertainty

Normal Environment (% Flow Span)
Process & Misc. Effects

Process Measurement (PMg)
Primary Element (PE)
Miscellaneous Effects (ME)
Insulation Resistance Error (IRg)

Sensor

Sensor Reference Accuracy (RAsensor)

Sensor Drift (DRSENSOR)

Sensor Temperature Effect (TEsensor)

Sensor Static Pressure Effect (SPsensor)

Sensor Accident Radiation Effect (AREsgnsor)
Sensor Seismic Effect (SEsensor)

Sensor Accident Temperature Effect (ATEsensor)
Sensor Calibration Tolerance (CTsensor)

Sensor Measurement and Test Equipment
(MTEsensor)

Digital Protection System (DPS)

DPS Dirift (DRDps)

DPS Temperature Effect (TEpps)

DPS Calibration Tolerance (CTpps)

DPS Measurement and Test Equipment (MTEpps)

Loop Accuracy

CU =

CU = X.XXRandom + XXXB|aS

CU= X.XX % Span
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Table 3.1-23 Rod Cluster Control Assembly Position Primary Coil Input

RCCA Position Signal for RT on Low DNBR and RT on HLPD

Harsh Environment
Process & Misc. Effects

Process Measurement (PM)

Primary Element (PE)
Insulation Resistance Error (IRg)

Sensor

Sensor Reference Accuracy (RAsensor)

Sensor Drift (DRsensor)

Sensor Temperature Effect (TEsensor)

Sensor Static Pressure Effect (SPsensor)

Sensor Accident Radiation Effect (AREsgnsor)

Sensor Seismic Effect (SEsensor)

Sensor Accident Temperature Effect (ATEsensor)
Sensor Calibration Tolerance (CTsgensor)

Sensor Measurement and Test Equipment (MTEsensor)

Digital Protection System (DPS)

DPS Drift (DRpps)

DPS Temperature Effect (TEpps)

DPS Calibration Tolerance (CTpps)

DPS Measurement and Test Equipment (MTEpps)

Loop Accuracy

CU-=
CU-=
CU= X.XXRandom * X.XXBias

CU= X.XX % Span

Uncertainty
(% Span)
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Table 3.1-24 Rod Cluster Control Assembly Position Secondary Coil Input

RCCA Position Signal for RT on Low DNBR and RT on HLPD

Harsh Environment
Process & Misc. Effects

Process Measurement (PM)
Primary Element (PE)
Insulation Resistance Error (IRg)

Sensor

Sensor Reference Accuracy (RAsensor)

Sensor Drift (DRSENSOR)

Sensor Temperature Effect (TEsgnsor)

Sensor Static Pressure Effect (SPsensor)

Sensor Accident Radiation Effect (AREsgnsor)

Sensor Seismic Effect (SEsensor)

Sensor Accident Temperature Effect (ATEsensor)
Sensor Calibration Tolerance (CTsgnsor)

Sensor Measurement and Test Equipment (MTEsensor)

Digital Protection System (DPS)

DPS Dirift (DRDps)

DPS Temperature Effect (TEpps)

DPS Calibration Tolerance (CTpps)

DPS Measurement and Test Equipment (MTEpps)

Loop Accuracy

CU=
CU=
CU = X.XXRandom * X.XXBias

CU= X.XX % Span

Uncertainty
(% Span)
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Table 3.1-25 Reactor Coolant Pump Differential Pressure Input
(Accident Conditions)
RCP Trip
Uncertainty
Harsh Environment (% Span)

Process & Misc. Effects

Process Measurement (PM)
Primary Element (PE)
Insulation Resistance Error (IRg)

Sensor

Sensor Reference Accuracy (RAsensor)

Sensor Drift (DRSENSOR)

Sensor Temperature Effect (TEsgnsor)

Sensor Static Pressure Effect (SPsensor)

Sensor Accident Radiation Effect (AREsgnsor)

Sensor Seismic Effect (SEsensor)

Sensor Accident Temperature Effect (ATEsensor)
Sensor Calibration Tolerance (CTsgnsor)

Sensor Measurement and Test Equipment (MTEsensor)

Digital Protection System (DPS)
DPS Drift (DRpps)
DPS Temperature Effect (TEpps)

DPS Calibration Tolerance (CTpps)
DPS Measurement and Test Equipment (MTEpps)

Loop Accuracy

CU =

CU = X.XXRandom + X.XXBias

CU= X.XX % Span
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3.2 Complex Functions

Complex functions involve protection system trips or protection functions that are based on
multiple inputs. This section addresses two of the complex functions, SIS on APg; < Min 1
and rod position. Other complex functions such as HCPL, low saturation margin, anti-
dilution, HLPD, and DNBR will be addressed in a separate topical report, for these

functions, uncertainty is determined using another statistical methodology.

3.21 SIS Actuation on APs.: < Min1

The U.S. EPR has an automatic SIS to provide permanent protection against drops in
reactor coolant system (RCS) water inventory. This is accomplished by using permissives.
When RCS pressure is lowered to the prescribed limit, a permissive changes the
automatic SIS input from pressurizer pressure < Min 3 to APs,. When RCS pressure and
temperature drop further to the prescribed limits with no reactor coolant pump (RCP)
running, another permissive switches the automatic SIS input from APs,; protection to
protection because of low loop level. The APg, protection inputs are wide range (WR) hot

leg temperature and hot leg pressure.

The saturation pressure of the WR hot leg temperature is used for the determination of
Psat. The Psgt error is based on the associated uncertainty of the temperature
measurement. Pga error increases at higher temperatures. The protection system
transforms the value of the analog input signal to the characteristics specified by
interpolation points. Although the number of points and values may change during the
detailed design phase, the methodology for the error determination is still applicable and is
demonstrated in the following equation. The Temp (°F) and Psa: columns are the X and Y

interpolation points in the table and the dT and dP are the differences between the points.
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Given:

where:
and

where Temp is in °F

Therefore:

[ ]

where e is error

The APsg; error from the summation of the Ps,; calculation from the WR hot leg

temperature sensors input and the WR hot leg pressure sensors input is determined as

follows:

I

Note: There is an uncertainty because of the slight difference between the DPS calculation

of the interpolation points and the ASME steam tables. This error (€caic vias) iS considered

a bias.

Table 3.2-1 provides the interpolation points along with the “a” and “b” values.
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p— Table 3.2-1 Interpolation Points —
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3.2.2 Rod Position

The rod cluster control assembly (RCCA) position primary coil and RCCA position
secondary coil input are utilized by the rod position measurement system (RPMS). The
DC voltage of the primary coil is used to compensate the variations in measurement of the
RPMS resulting from the temperature of the RCCA. The analog rod position ( r ) is

calculated in the DPS as follows:

I ]

therefore:
where: ]
Vs = voltage derived from secondary coil
Vso = voltage derived from secondary coil when control rod is in lower
end position
Vp = voltage derived from primary coil at hot operational
Vpy = voltage derived from primary coil at reference cold operational
temperature
c = 0.016 = constant for V / cm conversion
K = 1/3Vpy = constant for temperature coefficient
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Using partial derivatives the error in centimeters can be demonstrated as follows:

where:

and

To derive the next two errors, the following differential equations are applied:

Thus:
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and

Each of the partial derivatives is then substituted into the overall partial derivative equation
for e,.
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4.0 SETPOINT METHODOLOGY APPLICATIONS

The safety limit is a limit placed on a process variable that is necessary to
reasonably protect the integrity of physical barriers that guard against an
uncontrolled release of radioactivity. The safety analysis models ALs of measured
or calculated variables to provide adequate assurance that the safety limit is not
exceeded. The LTSP is calculated to provide adequate assurance that the trip or
actuation will occur before the AL is reached regardless of the process or
environmental conditions affecting the instrumentation. The equations in Section 4.1

illustrate the determination of setpoints.

4.1 Establishment of Setpoints

Increasing Process

LTSP =AL-CU

NTSP = AL — CU — Margin
Decreasing Process

LTSP =AL + CU

NTSP = AL + CU + Margin
where:

LTSP = Limiting Trip Setpoint

AL = Analytical Limit

NTSP = Nominal Trip Setpoint

CU = Channel Uncertainty
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In most setpoint determinations, an allowance called margin is added to the
instrument CU for conservatism or rounding to facilitate calibration. Rounding shall
be in the conservative direction. Although adding margin can add conservatism to
the setpoint in respect to the AL, caution must be used when reducing the operating
margin. Establishing a setpoint too close to the operating range may lead to
spurious trips that could degrade plant safety as a result of inadvertent challenges to

the equipment in the plant.

4.2 Performance Test Acceptance Criteria

Periodic testing is required to verify that safety-related or important-to-safety
instrumentation performs as expected. This testing is done by checking that the
tested portion of the loop functions as required. The setpoints are checked to
provide reasonable assurance that the actuation occurs as predicted in the
instrument uncertainty calculations. Surveillance requirements are defined in 10
CFR 50.36 as “requirements relating to test, calibration, or inspection to assure that
the necessary quality of systems and components is maintained, that facility
operation will be within safety limits, and that the limiting conditions for operation will

be met.”

The PTAC shall be based on a prediction of the expected performance of the tested
instrumentation under the test conditions. These acceptance criteria are established
to provide reasonable assurance that the equipment performs as expected and that
there is no masking of equipment degradation. The total loop uncertainty
calculations shall include the determination of the AF tolerance in addition to the
determination of the LTSP. The determination of the AF tolerance shall include
those effects expected during the test such as the RA, instrument uncertainties
during normal operation including DR, and M&TE uncertainties. If the AF value
exceeds the PTAC from the NTSP during surveillance testing, a report will be
entered into the corrective action program. The instrument is declared inoperable if
the AF value exceeds the AV (RIS 2006-17).
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Acceptable methods for performance testing include:
e Testing of the entire loop from sensor input to verification of the protection

function actuation.

e Testing the sensor separately from other loop components and the

associated DPS function.

The manner in which the instrument loop is tested shall verify the ability of the entire

loop to perform its intended safety function (Section 4.4).

AF acceptance criteria will generally utilize no more than the SRSS combination of
the RA, M&TE, M&TEr, and DR (References 9 and 4). The performance test verifies
that the instruments are performing as expected. To prevent masking equipment
degradation the acceptance criteria shall not include any margin. There are some
applications in which a sensor or transmitter may be tested during abnormal
conditions so that other uncertainty contributors such as TE, radiation effects,
vibration effects, apply. These exceptions may require a case-by-case evaluation.

Site-specific procedures will establish trending requirements (Section 4.4).

The DPS racks are self-checking and cannot be calibrated. DR is not an expected
error for the DPS racks, so the calibration check will require that the modules be less
than or equal to the SRSS of the RAs, M&TE, and M&TEr.

The following equations represent the error combination techniques for various

calibration methods:
DPS racks
PTACpps = [(RADPS Module1)2 + (RADPS ModuIeZ)2 + ( ...... )2 + (M&TE)2 + (M&TEF)2]1/2

Sensor calibration

PTACsensor = [(RA)? + (M&TE)? + (M&TEr)? + (DR)?)]"?
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Total loop calibration

PTACLoop = [(RA)? + (M&TE)? + (M&TEr)? + (DR)? + (RApps Moduie1)?

+ (RApPs Modute2)” + (--....

For loops with additional components prior to the DPS racks, the additional
components will be treated like the sensor calibration for an individual component
calibration. If a loop calibration is performed, the RA and DR of the extra

components will be included in the SRSS equation.

The AVs represent the upper limit of the PTAC per ANSI/ISA-67.04.01-2006. The

following formulas will be used for the determination of the AV:

Increasing Process

AV  =LTSP + PTAC

Decreasing Process

AV  =LTSP-PTAC

Figure 4.2-1 illustrates the relationships between setpoint terms.
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Figure 4.2-1 Setpoint Relationships

(for Increasing Process)
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4.3 Protection Functions Summary

Using the sample of inputs from the U.S. EPR protection system, Table 4.3-1
provides a sample summary of the results of input and calculation information
associated with the setpoints calculation. The table is generated as a result of the

application of the setpoint methodology.
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4.4

Assumptions

The calculation summary tables in Section 3.0 are based on the following assumptions:

For the purpose of the setpoint analyses, the protection system instrumentation will
be assumed to be calibrated at the same nominal ambient temperature. TEs for the
instrumentation will then be based on the temperature deviation between this
assumed calibration temperature and the maximum and minimum ambient

temperatures of the specific locations of the actual instrumentation.

Components inside the DPS cabinets are subject to higher temperatures than the
ambient room temperature. Therefore, a maximum heat rise inside the DPS
cabinets will be assumed and used, along with the ambient temperature, to

determine the TE on these instruments.

RTD cross calibrations are assumed to be performed for both the hot and cold leg
RTDs. The RTD cross calibration acceptance criteria may be used in lieu of drift.

Temperature transmitters located outside the containment are assumed to be used
for the hot and cold leg RTDs.

Site-specific procedures will be written to comply with the M&TE requirements and

testing requirements for this methodology, and to specify trending requirements.
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5.0 SUMMARY AND CONCLUSIONS

ALs are established to provide reasonable assurance that the safety limits are not
compromised. The LTSP is determined by accounting for the difference between the
AL and the total CU. The actual NTSP chosen shall never be any closer to the AL than
the calculated LTSP.

The setpoint methodology presented in this topical report conforms to the NRC
guidance provided by RG 1.105 with the exceptions noted in RIS 2006-17. It
incorporates the latest industry guidance established by ANSI/ISA 67.04.01-2006 and
the error combination techniques of ISA 67.04.02-2000. The methodology includes the
determination of PTAC based on the guidance provided by RIS 2006-17.

In lieu of actual instrument uncertainty values, applicable parameters are shown as
“x.xx”. Instrument uncertainty values shown as “0” do not apply to the application. The
specific uncertainty equation for the applicable parameters for each loop and a sample

summary of the protection functions is provided in this document.

This U.S. EPR Instrument Setpoint Methodology Topical Report will be used to develop
setpoints associated with the protection system for the U.S. EPR. AREVA NP plans to
reference the topical report in its Design Control Document for the U.S. EPR.
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