3

V.

For the best experience, open this PDF portfolio in
Acrobat 9 or Adobe Reader 9, or later.

Get Adobe Reader Now!



http://www.adobe.com/go/reader


From: Lobo, Walter

To: Guzman, Richard

Cc: Lobo, Walter

Subject: : RE: 2.12.035 CUST SETPOINT RAI RESPONSE LETTER- ATTACHED
Date: Wednesday, June 20, 2012 9:28:30 AM

Attachments: IN1-245 Sketch.pdf

ENN-1C-G-003- Set Point Calc Methodoloay.pdf

Attached ENN-IC-G-003 procedure provides certain basic information to address the staff's issue. In
addition, we will discuss during the conf. call this matter, hoping to resolve it.

The As Left Tolerance (ALT) by definition (Ref. Energy Procedure ENN-IC-G-003) is
the tolerance that establishes the required accuracy band that a device or group of
devices must be calibrated to within and remain to avoid recalibration when
periodically tested.

Typically we use the accuracy of the device as a starting point and ensure that itis a
value that is reasonable and achievable based on the surveillance interval. When the
technician goes out to check/calibrate the device, the expectation is that the desired
value will fall within the specified no adjust limits. If the technician finds the value
outside the no adjust limits as specified in the procedure, a CR is typically written so
that the system engineer and/or engineering can review the results to determine if the
instrument is malfunctioning or if the calculation should be revised using a different no
adjust limit.

From: Guzman, Richard [mailto:Richard.Guzman@nrc.gov]

Sent: Thursday, May 17, 2012 12:09 PM

To: Lobo, Walter

Cc: Lynch, Joseph R

Subject: RE: 2.12.035 CUST SETPOINT RAI RESPONSE LETTER- ATTACHED

Walter,

The staff has reviewed the subject response letter and has determined that information is
still needed to complete its review. Specifically, the NRC staff's RAI states that the basis
for the As-Left Tolerance value in Attachment 1, “Setpoint Calculation for PS-2390A&B,
Condensate Tank Low Level Transfer” of the submitted license amendment request was
not provided. The NRC staff was not able to identify any information in the May 16, RAI
response letter that satisfies this request. Please provide a description of the basis for the
ALT determination in a supplemental response letter.

Let me know when your folks are available for a conference call to discuss this additional
information need. Mon — Wed next week would be preferred.

Thanks,
Rich



mailto:wlobo@entergy.com

mailto:Richard.Guzman@nrc.gov

mailto:wlobo@entergy.com



Extracted from Calculation IN1-245

395 ———— CST
Overflow
21' " 102,000 Gallons (Reserve volume)
141" ———— Reset Value
126" ——— Normal Operation Lower

Limit (CST suction)
Operating Margin = 68"

58" ——— SETPOINT

AFL= No Adjust limits + drift

=11.9"
>46" —+—— Tech Spec allowable Value

)=
Total Loop error = 14.7"

43" L Analytical Limit
Drift = £0.38 PSI

No Adjust Limits = + 0.2 PSI
AFT = SQRT ((0.38)° + (0.2)*) +0.43 PSI =11.91"
Total Loop Uncertainity = +0.53 PSI = 14.7"

Bruce Rancourt 5/22/2012
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Requirements and Revision Summary

Revision No.

Date

Changes

0

Original issue. This Guide supersedes the following site specific

documents:
+ |P2-
s |P3-
o JAF-
¢ PNPS-

FIX-95-A-001, Guideline for Preparation of Instrument Loop
Accuracy and Setpoint Determination Calculations

IES-3B, Instrument Loop Accuracy and Setpoint Calculation
Methodology

IES-3A, Instrument Loop Accuracy and Setpoint Calculation
Methodology

DESO-18, Non-Safety Related Instrument Loop Accuracy
and Setpoint Evaluation Methodology.

NEDWI No. 433, Methodology for Preparation of Instrument
Loop Accuracy Calculations, and

NEDWI No. 394, Methodology for Calculation of
Instrumentation Setpoint.
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1.0 PURPOSE

1.1 The objective of this engineering guide is to provide the user with the basic terminology for
determination of instrument uncertainties, loop uncertainties, instrument setpoints and
instrument setpoint attributes (As-Left Tolerance, As-Found Tolerance, Allowable Value,
etc.).

1.2 This guide will provide the conceptual methods and terminology that are to be utilized in
the preparation of instrument loop accuracies and setpoints. The methodology will apply to
all ENN engineering personnel as well as any other technical staff members qualified to
prepare calculations in accordance with this guide. The results of an uncertainty
evaluation might be applied to the following types of calculations:

¢ Extension of surveillance interval

* New safety-related setpoints

e Determination of instrument indication uncertainties

» Evaluation or justification of previously established setpoints

¢ Non-safety-related setpoints

2.0 REFERENCES

2.1 Regulatory Guide 1.97, Rev. 3, "Instrumentation for Light-Water-Cooled Nuclear Power
Plants to Assess Plant and Environs Conditions During and Following an Accident".

2.2 Regulatory Guide 1.105, Rev. 3, "Instrument Setpoints for Safety-Related Systemé".
2.3 ANSI / ISA §67.04.01 - 2000, "Setpoints for Nuclear Safety-Related Instrumentation”.

24 ISA-RP67.04.02-2000 Methodologies for the Determination of Setpoints for Nuclear
Safety-Related Instrumentation.

25 IEEE 279 - 1971, "Criteria for Protection Systems for Nuclear Power Generating Stations".

2.6 NRC Branch Technical Position HICB-12, “Guidance for Establishing and Maintaining
Instrument Setpoints”.

2.7 GE Letter to lllinois Power, No. NSA 99-001, GE Position on Instrument Uncertainty in
EOP's.

2.8 ISA Technical Report ISA-dTR-67.04.09, Draft 6, April 2002, “Graded Approaches to
Setpoint Determination”.

29 ANSI N15.15 — 1974, “Assessment of the Assumption of Normality (Employing Individual
Values)”

2.10 ANSI/ASME PTC 17.1-1985, “Measurement Uncertainty, Part 1”.
2.11 ANSI/ASTM E-178-1980, “Standard Practice for Dealing with Outlying Observations”.

2.12 Information Notice 84-47, “Effects of Cable Leakage Currents on Instrument Settings and
indication”.

2.13 Information Notice 92-12, “Environmental Qualification Tests for Electrical Terminal
Blocks”.
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2.14

2.15

2.16

217
2.18
2.19
2.20

2.21
2.22
2.23
2.24
2.25

ASTM Standard D257-91, “Standard Test Methods for D-C Resistance or Conductance of
Insulating Materials”.

ASME MFC-3M-1989, “Measurement of Fluid Flow in Pipes Using Orifice, Nozzle, and
Venturi”.

Bean, H.S., “Fluid Meters — Their Theory and Application Report of ASME Research
Report Committee on Fluid Meters” Sixth Edition, New York: ASME, 1971.

Miller, R.W., “Flow Measurement Engineering Handbook, New York: McGraw-Hill, 1983.
ENN-IC-G-001 “Instrument Uncertainty and Setpoint Calculation Guide"
ENN-IC-G-002 “Instrument Drift Analysis Guide".

Generic Letter 91-04, “Changes to Technical Specification Surveillance Intervals to
Accommodate a 24 Month Fuel Cycle”

ENN-DC-126, Calculations.

ENN-DC-134, Design Verification.

ENN-DC-112, Engineering Request and Project Initiation
ENN-DC-115, ER Response Development

ENN-AD-103, Document Control and Record Management Activities

3.0 DEFINITIONS

3.1

3.2

3.3

3.4

35

3.6

95%/95% is a standard statistics term meaning that the resuits have a 95 percent
probability with a 95 percent confidence.

Allowable Value (AV) is the Limiting Safety System Setting (LSSS) for nuclear reactors is
the automatic protective device value for variables having significant safety functions. It is
the value that the trip setpoint may have when tested periodically, beyond which
appropriate action shall be taken. The AV may be considered as the limiting actuation
point for the entire channel or for that portion of the channel under test. In either case, the
allowable value is the limiting action point of the trip function that will ensure, within the
required level of confidence that sufficient allocation exists between this actual trip function
actuation point and the analytical limit.

Allowable Value to Trip Setpoint Margin (AVTSM) is the difference in the parameter of
interest between the Allowable Value and the Trip Setpoint. As a minimum the AVTSM
consists of all channel AFT uncertainties. The AVTSM can be all uncertainties
representing normal operation conditions that will be experienced between successive
calibrations.

Amplifier is a device that enables an input signal to control power from a source
independent of the signal and thus be capable of delivering an output that bears some
relationship to, and is generally greater than, the input signal.

Analog is the continuous and observable representation of a variable reflecting any and all
changes in value; continuously variable over a given range.

Analog-to-Digital Converter (A/D) is a device that converts analog signals into a digital
form. This enables a digital computer to operate on such signals.
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3.7

3.8

3.9

3.10

3.11

3.12

3.13

3.14

3.15

3.16

3.17
3.18

3.19

Analytical Limit (AL) is the limit of a measured or calculated variable established by the
safety analysis to ensure that a safety limit is not exceeded. Analytical limits are
developed from event analyses models that consider parameters such as process delays,
rod insertion times, reactivity changes, instrument response times, etc. This, "Instrument
Loop Accuracy and Setpoint Calculation Methodology", standard does not include
determination of analytical Limit values. However, analytical limit values are design input to
LSSS calculations for instrument loop Setpoint determination.

As-Found is the condition in which a channel, or portion of a channel, is found after a
period of operation and before recalibration (if necessary).

As-Found Tolerance (AFT) is the tolerance allowed in accuracy between calibrations of a
device or group of devices. The as-found tolerance establishes the limit of error the
defined devices can have and still be considered functional, beyond which additional
evaluation may be required.

As-Left is the condition in which a channel, or portion of a channel, is left after calibration or
surveillance check.

As-Left Tolerance (ALT) is the tolerance that establishes the required accuracy band that a
device or group of devices must be calibrated to within and remain to avoid recalibration
when periodically tested.

Attenuation is a diminishing of the strength of a signal (particularly an oscillatory signal) by
a transducer.

Bias (B) is an uncertainty component that consistently has the same algebraic sign and is
expressed as an estimated limit of error. For control systems, bias is a signal or constant
added to or subtracted from an input signal to provide elevation or suppression (a shift in
the signal zero point by some amount). For uncertainty evaluations; module biases (Ben),
primary element biases (BPE) and process measurement biases (BPM) must be
considered.

Calibrated Span is the maximum calibrated upper range value less the minimum calibrated
lower range value.

Calibration Interval is the elapsed time between the initiation or successful completion of
calibrations or calibration checks on the same instrument, channel, instrument loop, or
other specified system or device.

Channel Uncertainty (CU) is the CU is the total uncertainty at a designated point in the
channel. The CU can be calculated for any point in a channel from module 1 to module n,
as needed. Depending on the loop configuration, this uncertainty couid apply to actuation
or indication.

Confidence Interval is an interval that contains the population mean to a given probability.

Conformity is the maximum difference, over the range of an instrument, between the
indicated value and the true value being measured. The closeness that the output of an
instrument approximates (or conforms to) a specified desired curve (linear, polynomial,
logarithmic, etc.).

Control Loop is a group of interconnected instruments that measures the process variable,
compares that value to a predetermined desired value, and applies to the process variable
any change necessary to make the process value match the desired value.
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3.20

3.21

3.22

3.23

3.24

3.25

3.26
3.27

3.28

3.29

3.30

3.31

3.32

3.33

3.34

3.35

3.36

Deadband(DB) is the range through which an input signal may be varied, upon reversal of
direction, without initiating observable change in the output signal.

Dead Time is the interval of time between initiation of an input change or stimulus and the
start of the resulting observable response.

Dependent in statistics is a dependent event for which the probability of all occurring at
once is different than the product of the probabilities of each event occurring separately. In
setpoint determination, dependent uncertainties are those uncertainties for which the sign
or magnitude of one uncertainty affects the sign or magnitude of another uncertainty.

Dependent Uncertainty components are dependent on each other if they possess a
significant correlation, for whatever cause, known or unknown. Typically, dependencies

form when effects share a common cause.
Desired Value is a measurement value with no error existing.

Differential Pressure (AP or D/P) is a measurement of one pressure with respect to another
pressure.

Digital is a representation of system variables by a limited number of discrete values.

Digital-to-Analog Converter is an electronic device that converts data (digital signal) into an
analog signal of corresponding value.

Drift (DR) is an undesired change in output over a period-of time, which change is
unrelated to the input, environment, or load.

Effect is an undesired change in output produced by some outside phenomenon, such as
elevated temperature, pressure, humidity, and radiation or by internal changes in a device.

Error is the undesired algebraic difference between a value that results from measurement
and a corresponding true value. In a closed loop, the difference between the actual value
of a particular signal and its desired value. Error = Measured or Indicated Value - True
Value.

External Pressurization Effects (EP) is the error of a specific instrument that is associated
with ambient pressure variation.

Final Setpoint Device is a component, or assembly of components, that provides input to
the process voting logic for actuated equipment. Examples of final setpoint devices are
bistables, relays, pressure switches, and level switches.

Fixed Gain is a multiplication factor for a process control value. A user cannot change a
fixed gain without reconfiguring the system or device that establishes this parameter.

Full Scale is the 100% value of the measured parameter on an instrument. Full scale and
span are equivalent for a zero-based instrument.

Functionally Equivalent is an instrument with similar design and performance
characteristics that can be combined to form a single population for analysis purposes.

Gain is the ratio of change in output divided by the change in input that caused it; the ratio
of the output to the input. The gain of a loop is the product of the gains of all elements in
the loop. Frequently used to mean the proportional gain of a PID controller, but can also
be used with integral or derivative action, e.g., the integral gain of the controller is 2.5.
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3.37

3.38
3.39

3.40

3.41

3.42

3.44

3.45

3.48

3.47

3.48

3.49

3.50

3.51

Harsh Environment is the environment in any plant area that is considered to be harsh as a
result of postulated accidents, i.e., Loss of Coolant Accident (LOCA), High Energy Line
Break (HELB), Main Steam Line Break (MSLB), or other Design Basis Event (DBE), if the
temperature, pressure, relative humidity, or radiation significantly increase above the
normal conditions.

Head is a pressure resulting from gravitational forces on liquids.

Humidity Effect (HE) is the change in instrument output for a constant input when exposed
to varying levels of ambient humidity.

Hysteresis is the difference between upscale and downscale results in instrument
response when subjected to the same input approached from the opposite direction.

Independent in statistics, independent events are those in which the probability of all
occurring at once is the same as the product of the probabilities of each occurring
separately. The uncertainty components are independent of each other if their magnitudes
or algebraic signs are not significantly correlated. In setpoint determination independent
uncertainties are those for which the sign or magnitude of one uncertainty does not affect
the sign or magnitude of any other uncertainty.

Indicator Reading Uncertainty (R) is the uncertainty associated with reading an indicator
(or recorder) due to resolution and/or parallax distortion error.

Input/Output is a signal reception and transmission, or signai interfacing. input for a
process control device involves accepting and processing signals from field devices.
Output, for a process control device, involves converting commands into electrical signals
to field devices. .

Instrument Channel is an arrangement of components and modules as required generating
a single protective action or indication signal when required by a generating plant
condition. A channel loses its identity where single protective action signals are combined.

Instrument Range is the region between the limits within which a quantity is measured,
received or transmitted, expressed by stating the lower and upper range values.

Insulation Resistance Effect (IR) is the change in signal caused by a low insulation
resistance of an interconnecting device or cable.

Limiting Safety System Setting (LSSS) is the same as allowable value, except at ENVY

where LSSS may be Limit Values, currently listed in Technical Specifications that are
chosen to preserve Analytical Limits.

Linear is a straight-line relationship between one variable and another. when used to
describe the output of an instrument, it means that the output is proportional to the input.

Linearity is the closeness to which a curve approximates a straight line. Linearity is usually
measured as non-linearity and expressed as linearity. It is the maximum deviation
between an average curve and a straight line.

Linearize is to substitute, for a non-linear function, a linear function that gives
approximately the same relationships over a particular, limited range of the variables.

Loop Diagram is a representation of the various parts of a control loop, showing
interconnected elements.
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3.52

3.53

3.54

3.55

3.56

3.57

3.58

3.59

3.60

3.61

3.62

3.63

3.64

3.65

3.66

3.67

Margin is an additional allowance added to the instrument channel uncertainty to allow for
unknown uncertainty components. The addition of margin moves the setpoint further away
from the analytical limit or nominal process limits.

Maximum Span is the instrument's maximum upper range limit less the maximum lower
range limit.

Mean is the average value of a random sample or population. For n measurements of Xi,
where “I" ranges from 1 to N, the mean is given by: Z Xi/n

Measured Signal is the electrical, mechanical, pneumatic, or other variable applied to the
input of a device.

Measured Variable is a quantity, property, or condition that is measured, e.g., temperature,
pressure, flow rate, or speed.

Measurement is the present value of a variable such as flow rate, pressure, level, or
temperature.

Measurement and Test Equipment Uncertainty (MTE) is the uncertainty attributed to

measuring and test equipment that is used to calibrate the instrument loop components.

Mild Environment is an environment that at no time is more severe than the expected
environment during normal plant operation, including anticipated operational occurrences.

Module (e) is any assembly of interconnecting components that constitutes an identifiable
device, instrument or piece of equipment. A module can be removed as a unit and
replaced with a spare. It has definable performance characteristics that permit it to be
tested as a unit. A module can be a card; a draw-out circuit breaker or other subassembly
of a larger device, provided it meets the requirements of this definition.

Module Uncertainty (ep) is the total random uncertainty attributable to each module that
makes up the loop from module 1 thru module n.

Noise is an unwanted component of a signal or variable. It causes a fluctuation in a signal
that tends to obscure its information content.

Nominal Value is the value assigned for the purpose of convenient designation but existing
in name only; the stated or specified value as opposed to the actual value.

Nonlinear is a relationship between two or more variables that cannot be described as a
straight line. When used to describe the output of an instrument, it means that the output
is of a different magnitude than the input, e.g., square-root relationship.

Normal Distribution is the density function of the normal random variable X, with mean p
~(x-uy 120
2r

Normal Process Limit (NPL) is the limit, high or low, beyond which the normal process
parameter should not vary. Trip setpoints associated with safety related functions not
having Analytical Limits established in the accident analysis and non-safety-related
functions might be based on the normal process limit.

Normal Operation Lower Limit (NLL) is the minimum value the process parameters may
attain during normal operation that will not result in occurrence of an alarm, protective trip

or abnormal plant condition.

and variance ¢ is: f (x; it, 0 )=
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3.68

3.69

Normal Operation Upper Limit (NUL) is the maximum value the process parameters may
attain during normal operation that will not result in occurrence of an alarm, protective trip

or abnormal plant condition.

Nuclear Safety-related Instrumentation is the instrumentation which is essential to the
following:

3.69.1 Provide emergency reactor shutdown,

3.69.2 Provide containment isolation,

3.69.3 Provide reactor core cooling,

3.69.4 Provide containment or reactor heat removal, or

3.69.5 Prevent or mitigate a significant release of radioactive material to the environment:

3.70

3.71

3.72
3.73

3.74

3.75

3.76

3.77

3.78

3.79

3.80

or is otherwise essential to provide reasonable assurance that a nuclear power
plant can be operated without undo risk to the health and safety of the public.

Operating Conditions are the conditions to which a device is subjected, other than the
variable measured by the device. Examples of operating conditions include ambient
pressure, ambient temperature, electromagnetic fields, gravitational force, power supply
characteristics, radiation, shock, and vibration.

Operating Margin (OM) is the allowance between the trip setpoint and the normal operation
upper or iower limit that is determined necessary to avoid inadvertent trips from process
noise, normal transients and normal measurement uncertainties. The operating margin
encompasses the range of operating conditions to which a device may be subjected
without impairment of designed operational characteristics.

Outlier is a data point significantly different in value from the rest of the sample.

Output Signal is the signal provided by an instrument; for example, the signal that the
controliler delivers to the valve operator is the controller output.

Percent of Span is a method for describing instrument spans or ranges as a simple
percentage. The low end of span is the 0% point and the high end of span is the 100%
point.

Power Supply Effect (PS) is the uncertainty attributed to variations in normal expected
power supply output voltage.

Precision is the repeatability of measurements of the same quantity under the same
conditions.

Primary Element is the system element that quantitatively converts the measured variable
energy into a form suitable for measurement.

Primary Element Accuracy (PE) is the uncertainty attributed to a primary element device
such as an orifice plate.

Process Etror is the difference between the desired setpoint and the actual process
variable.

Process Measurement Effect (PM) is an uncertainty that accounts for variations in actual
process conditions (not attributable to the measurement device) that influence the
measurement, such as temperature stratification, density variations, pressure variations,
etc.
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3.81
3.82

3.83

3.84

3.85

3.86

3.87

3.88

3.89

3.90

3.91

3.92

3.93

3.94
3.95
3.96

3.97

3.98
3.99
3.100

Radiation Effect (RE) is the uncertainty attributed to radiation exposure.

Random Variable is a variable whose value at a particular future instant cannot be
predicted exactly, but can only be estimated by a probability distribution function.

Range is the region between the limits within which a quantity is measured, received, or
transmitted, expressed by stating the lower and upper range values.

Reference Accuracy (RA) is a number or quantity that defines the limit that errors will not
exceed when the device is used under reference operating conditions. In this context,
error represents the change or deviation from the ideal value.

Repeatability is the ability of an instrument to produce exactly the same result every time it
is subjected to the same conditions.

Reset Value (RSV) is the value at which a given bistable device changes contact
state/position upon reversal of the measured process (increasing or decreasing parameter)
after passing through the Setpoint value.

Reverse Action is an increasing input to an instrument producing a decreasing output.

Rise Time is the time it takes a system to reach a certain percentage of its final value when
a step input is applied. Common reference points are 50%, 63%, and 90% rise times.

Safety Limit is a limit on an important process variable that is necessary to reasonably
protect the integrity of physicai barriers that guard against the uncontrolied release of
Radioactivity.

Seismic Effect (SE) is the change in instrument output for a constant input when exposed
to a seismic event of specified magnitude.

Sensor is the portion of a channel, which responds to changes in a plant variable or
condition and converts the measured process variable into an electric or pneumatic signal.

Signal is information in the form of a transmission medium (pneumatic pressure, electric
current, or mechanical position) that is conveyed from one control loop component to
another.

Signal Conditioning is one or more modules that perform further signal conversion,
buffering, isolation or mathematical operations on the signal as needed.

Signal Converter is a transducer that converts one transmission signal to another.
Span is the algebraic difference between the upper and lower values of a range.

Span Shift — An undesired shift in the calibrated span of an instrument. Span shift is one
type of instrument drift that can occur.

Spurious Trip is an undesired protective actuation when the actual process value has not
exceeded the trip setpoint.

Square-Root Extractor is a device whose output is the square root of its input signal.
SRSS is a Square root of the sum of the squares used to combine random uncertainties.

Standard Deviation (Population) is a measure of how widely values are dispersed from the
population mean and is given by ¢ = {[n=x® - (£x)?] / n%}'?








%Erztergy

ENN ENGINEERING GUIDE ENN-IC-G-003  Revision 0
NUCLEAR
MANAGEMENT INSTRUMENT LOOP ACCURACY Page 12 of 62
MANUAL AND SETPOINT CALCULATION
METHODOLOGY

3.101

3.102
3.103

3.104

3.105

3.106

3.107

3.108

3.109

3.110

3.111

3.112

3.113
3.114

3.115

3.116

3.117

3.118

3.119
3.120

Standard Deviation (Sample) is a measure of how widely values are dispersed from the
sample mean and is given by s = {{n=x* - (x)%]/ [n (n-1)]}*?

Static Pressure is the steady-state pressure applied to a device.

Static Pressure Effect (8P) is the change in instrument output for a constant input when
measuring a differential pressure and simultaneously exposed to a static pressure.

Steady State is a characteristic of a condition, such as value, rate, periodicity, or amplitude,
exhibiting only a negligible change over an arbitrary long period of time.

Surveillance Interval is the elapsed time between the initiation or completion of successive
surveillances or surveillance checks on the same instrument, channel, instrument loop, or
other specified system or device.

Technical Specification Limit (TS) is the limit identified in the Technical Specification for the
related parameter.

Temperature Effect (TE) is the change in instrument output for a constant input when
exposed to different ambient temperatures.

Test Interval is the elapsed time between the initiation and completion of successive tests
on the same instrument, channel, instrument loop, or other specified system or device.

Time Constant T is the time required to complete 63.2% of the total rise or decay, for the
output of a first-order system forced by a step or impuise.

Time-Dependent Drift is the tendency for the magnitude of instrument drift to vary with
time.

Time-Independent Drift is the tendency for the magnitude of instrument drift to show no
specific trend with time.

Time Response is an output expressed as a function of time, resulting from the application
of a specified input under specified operating conditions.

Tolerance is the allowable variation from a specified or true value.

Tolerance Interval is an interval that contains a defined proportion of the population to a
given probability.

Total Harmonic Distortion (THD) is the distortion present in an AC voltage or current that
causes it to deviate from an ideal sine wave.

Transfer Function is the ratio of the transform of an output of a system to the transform of
the input to the system.

Transmitter is a device that measures a physical parameter such as pressure or
temperature and transmits a conditioned signal to a receiving device.

Trip Setpoint (NTSP) is the desired value of the measured variable at which an actuation
occurs.

Turndown Ratio is the ratio of maximum span to calibrated span for an instrument.

Uncertainty is the amount to which an instrument channel's output is in doubt (or the
allowance made therefore) due to possible errors either random or systematic that have
not been corrected for. The uncertainty is generally identified within a probability and
confidence level.
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3.121
3.122

3.123

3.124

3.125

3.126

3.127

Upper Range Limit (URL) is the maximum upper calibrated span limit for the device.

Upper Range Value is the highest value of the measured variable that device is adjusted to
measure.

Zero is the point that represents no variable being transmitted (0% of the upper range
value).

Zero Shift is an undesired shift in the calibrated zero point of an instrument. Zero shift is
one type of instrument drift that can occur.

Zero Adjustment is a means provided in an instrument to produce a parallel shift of the
input-output curve.

Zero Elevation for an elevated-zero range is the amount the measured variable zero is
above the lower range value.

Zero Suppression for a suppressed-zero range is the amount the measured variable zero
is below the lower range value.

4.0 RESPONSIBILITIES

4.1

4.3

4.4

4.5

4.6

4.7

The Vice President, Engineering has overall approval, implementation, maintenance, and
interpretation of this guide.

The Director, Engineering has overali responsibility for review, implementation, and
adherence to this guide for their respective sites.

The Design Engineering Manager has overall responsibility for assuring instrument
setpoint values comply with the requirements of this guide.

The Design Engineering Supervisor

4.41 Assigns a qualified Responsible Engineer and Reviewer to prepare a
calculation/evaluation.

442 Assures that the calculation/evaluation is prepared/reviewed in accordance with
this guide, and

443 Approves the calculation/evaluation based on completeness and technical
accuracy.

The Responsible Engineer/Preparer is responsible for delivering a reviewed calculation or
evaluation in accordance with the requirements of this guide. When a new evaluation or a
revision to a evaluation affects other plant documents such as drawings, procedures, SAR,
Technical Specifications, etc., the person responsible for preparing the new calculation or a
revision initiates the changes to the documents under their control and notifies the other
department(s) which has (have) responsibility for maintaining the other document(s).

The_Maintenance Manager is responsible for maintaining instrument calibration and
setpoints within the boundaries established by the design bases.

The Operations Manager is responsible for maintaining plant parameters within the
boundaries established by the design and licensing bases.
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5.0 DETAILS

5.1 BACKGROUND

5.1.1

5.1.2

5.1.4

Instrument and control (I&C) safety systems control critical plant parameters to
ensure safety limits will not be exceeded under the most severe design basis
accident or transients. Instrument setpoints and atlowable values for these 1&C
safety system critical process parameter functions are chosen so that potentially
unsafe or damaging process excursions (transients) can be avoided and/or
terminated before plant conditions exceed safety limits. Accident analyses
establish the limits for critical process parameters. These analytical limits
established by the accident analyses, do not normally include considerations for
the accuracy (uncertainty) of installed instrumentation. Therefore, a systematic
method of identifying and combining instrument uncertainties is necessary to
ensure that, for critical process parameters, vital plant protective features are
actuated at the appropriate time during transient and accident conditions. Limiting
safety system settings (LSSS), sometimes referred to as allowable values, are
established in accordance with 10 CFR 50.36. Allowable values are used to ensure
that these protective features actuate as they were assumed in the accident
analysis, thus providing assurance that safety limits will not be exceeded. At ENVY,
the analytical limits are preserved by LSSS.

This engineering guide is to be used as the methodology standard for uncertainty
analysis and setpoint determination, and determination of Allowable values for
safety-related instrumentation calculations performed in accordance with ENN-DC-
126. For non-safety related setpoints, the Type of setpoint and the Degree of
Rigor should be evaluated to determine if the full scope of the ENN-DC-126
standard is required. Analysis of non-safety related instruments and safety related
instruments that do not perform an active safety function can be accomplished
without a calculation by using appropriate design inputs and sources of data.
These analyses can be narrative and may be documented in an ER response or
other approved process. If in the course of preparing an instrument loop accuracy
and setpoint calculation or evaluation, this methodology is deviated from, the
calculation preparer should within the calculation text identify each deviation and
provide acceptable justification for the deviation. Justification should assure that
instrument uncertainty and the setpoint adequacy are considered.

There exists many safety-related and non-safety system instrument setpoints that
are important to safety or important for reliable power generation and equipment
protection. Because these setpoints may not have analytical limits established by
the accident analysis for a safety limit, the basis for the setpoint calculation
becomes system or equipment protection and/or maintaining generation capacity.
The Normal Process Limit becomes the basis for establishing the setpoint when no
analytical limit is established by the accident analysis.

The uncertainty associated with some process parameter indication is also
important for safe and reliable plant operation. Allowing for indication uncertainty
supports compliance with the Technical Specifications and the various operating
procedures, including the emergency operating procedures (EOP). The
methodology presented in this engineering procedure may be applicable to
determining indication uncertainty for certain EOP’s. For GE's position regarding
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best estimate values for EOP setpoints and selected electrical equipment see GE
Letter to lllinois Power, No. NSA 99-001, GE Position on Instrument Uncertainty in
EOP's.

This engineering guide was developed specifically for instrumentation components
and loops. This engineering guide does not specifically apply to mechanical
equipment setpoints (i.e., safety and relief valve setpoints) or protective relay
applications. However, if it is determined that for a specific application the
methodology presented herein may be useful to predict the performance of other
non-instrumentation-type devices; the calculation may reference ENN-IC-G-003
and the assumption section of the calculation should justify the applicability of
ENN-IC-G-003.

5.2 DETAILS

5.2.1

52.2

5.2.3

Before the instrument channel uncertainty setpoint can be determined, a
considerable amount of information has to be obtained.

The Engineer responsible for the setpoint evaluation should first determine the
type of setpoint and degree of rigor required. The documentation and evaluation
requirements for the setpoint are based on the setpoint type and rigor level as
shown in Attachments 7.2 to 7.5.

Setpoint calculations should be prepared, reviewed, approved and distributed in
accordance with the intent of ENN-DC-126. Verification of the calculation should
be performed in accordance with ENN-DC-134. Each calculation should be
formatted similarly, thereby providing; consistency and simplifying the review
process for verifiers or others who may have to refer to or revise the calculation.
The following sections describe the preferred format of the Instrument Uncertainty
Calculation.

5.2.3.1 Section 1 - Purpose (Background/Problem/Objective/Method) This section

should include: Sub-section (1.1) to provide a background relative to the
loop operational characteristics, Sub-section 1.2 which states the
problem/reason that the calculation is being prepared or revised, Sub-
section (1.3) which states the calculators objective/plan for resolving the
probiem identified in Sub-section 1.2 and Sub-section (1.4) which states the
method/methodology to be used to meet the objective and/or resolve the
problem.

5.2.3.2 Section 2 - Assumptions / Input and Design Criteria - This section should

include: Sub-section 2.1 to explain the assumptions used in the calculation
(see ENN-DC-126 for content and requirements), and Sub-section 2.2 to
provide Input and Design Criteria (see ENN-DC-126 for content and
requirements). Table 5.2 is an aid and organized means of identifying /
recording instrument design data.

5.2.3.3 Section 3 - References - References should be provided in sufficient detail

to allow the reviewer to check all aspects of the calculation with the
exception of some assumptions that might not have an explicit reference.
References that are not easily retrievable or are specific to the calculation
(memos, vendor correspondence, etc.) should be considered for inclusion
as an attachment. Extraneous references that do not substantially add
value to the calculation may be excluded.
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5.2.3.4 Section 4 - Loop Information - This section should include 3 sub-sections.
Sub-section 4.1 will describe the loop function, Sub-section 4.2 will include
Loop Diagram information and Sub-section 4.3 will include Loop Module

Data.
5.2.3.4.1

52.34.2

5.2.3.4.3

5.2.3.4.4

Loop Function - The loop function is a short description of the
purpose of the instrument loop and its role in the system operation.
The loop function description serves two purposes. First, it
familiarizes the calculation reviewers and users with an overview of
the system function in a manner that ties back to the calculation
purpose. Second, it assures the calculation reviewers that the
calculation Preparer understood the system and its requirements. To
prepare the functional description the following information for each
instrument channel of interest should be provided:

¢ Functional requirements

* Actuation functions

¢ Display functions

e Operating times and

¢ Postulated environments the instrument is exposed to.

Loop Diagram - For all Type 1 and Type 2 setpoint calculations a
diagram of the instrument channel or if necessary channels, will be
included. The purpose of the diagram is to identify the various
modules and interconnection devices that make up the instrument
loop. See Figure 7.1-12-2 of Attachment 7.1 for a typical instrument
channel layout.

Anywhere from one to four (or more) transmitters or sensors may be
used to satisfy the requirements for redundancy and reliability. If
each independent instrument loop is functionally equivalent in terms
of the types of modules and environment, only one instrument
channel diagram need be provided. In this case, the calculation
should confirm that all loops are essentially identical in their design.
Table 5-2 is only an example of a cross-reference table providing the
information that would confirm the loop components are essentially
identical in design.

Loop Module Data - Environmental boundaries are drawn for the
channel as shown in Figure 7.1-12-2 of Attachment 7.1. For
simplicity, two sets of environmental conditions are shown. The
process measurement elements are usually located in plant areas
where a harsh environment may exist during the time the instrument
loop has to function. For most channels, signal conditioning and
actuation are located in mild environments. Two sets of
environmental conditions are defined, with conditions in Environment
A (reactor building) harsher than conditions in Environment B (such
as control room).
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After the environmental conditions are determined, the potential
uncertainties affecting each portion of the channel should be
identified. For example, the process interface portion could be
affected by process measurement effects and not by equipment
calibration or other uncertainties. Also, cables in the mild conditions
of Environment B would not be affected by insulation resistance (IR)
effects, but IR effects may be a contributor to uncertainty for
components located in Environment A. In summary, the information
in Table 5.2 is typically considered when an uncertainty analysis is
prepared.

Loop Module Data Sheets may be part of the calculation/evaluation or
may be an attachment to the calculation, depending on the
complexity of the loop.
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TABLE 5.2 - Loop Module Data Sheet
Title Descriptive value Reference Remarks

Component |D

Service Description

l.ocation

Manufacturer

Model Number

Quality Category

Adjustable Range

Process Calibrated Range

Input Signal Calibrated Range

Output Signal Calibrated Range

Reference Accuracy (RA)

Drift (DR)

Static Pressure Effect (SP)

External Pressurization Effect (EP)

Overpressure Effect (OP)

Temperature Effect
Normal (TE)
Accident (ATE)

Humidity Effect (HE)

Radiation Effect (RE)

Seismic Effect (SE)

Insulation Resistance Effect(IR)

Power Supply Effect (PS)

indicator Reading Uncertainty (R)

Process Measurement Effect (PM)

Primary Element Accuracy (PE)

Measurement and Test Equipment
Uncertainty (MTE)

Technical Specification if Applicable

Analytical Limit (AL) or
Nominal Process Limit (NPL)

Allowable Value (AV)

SetPoint:
Trip (NTSP)
Reset (RSV)

Calibration Frequency

As-Found Tolerance (AFT)

As-Left Tolerance (ALT)

Calibration Procedure No.

Module Algorithm

EQ and/or Functional Operating
Environment

Safety Function / Other Functional
requirements

Function Duration

Normal Operation Upper Limit (NUL)

Normal Operation Lower Limit (NLL)

Operating Margin (OM)
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5.2.3.5 Section 5 - Equations - This section identifies the applicable equations to be
used in the uncertainty analysis and establishes the general calculation
requirements. The following equations are typically used in preparation of
calculations in accordance with this guide. The preparer will expand Section
5 of the calculation to include any additional equations used in the
evaluation.

52351

5.2.3.5.2

5.2.3.5.3

52354

Refer to Attachment 7.1 for a detailed explanation of uncertainty
terms and the statistical methodology used in combining error terms.

Module Uncertainty (e, Any Typical Module)

e,"=+(RA® +DR® +TE? +HE? +RE? +PS? +SP? +OP? +SE2 +EP? +ALT?
+MTE? +R%)"2 4B+ *

en=-(RA? +DR’ +TE? +HE? +RE? +PS? +SP? +OP? +SE? +EP? +ALT?
+MTE? +R%)"2 .~ *

Module Uncertainty (e, Any Typical Module-normal uncertainties
ENVY)

en=+(RA? +DR® +TE,? +HE,2 +RE,? +PS? +OP? + +EP? +ALT? +MTE?
+R%)"™ +(SP?+SE?) 12 1B*

Module Uncertainty (e oca Any Typical Module-LOCA uncertainties
ENVY)

Ergca=t(RA? +DR? +TE.? +HE2 +RE2 +PS2 +OP? + +EP? +ALT2 +MTE?
+R%)" + (SP® +SE?+ TEioca? + HELoca + REoca? ) 2 +B*

As-Found Tolerance (AFT, Any Typical Module) -The Module
Channel Uncertainty as seen during Module calibration. Therefore,
uncertainties due to a harsh environment, process measurement, or
primary element are not considered. AFT, determination will as a
minimum include consideration of RA, DR, and ALT uncertainties. It
is also acceptable to include MTE, uncertainty for AFT,
determination. The calculation Preparer may determine, that for
some modules, it is conservative and/or necessary to include
additional uncertainties when determining AFT,. When additional
uncertainty is added, a brief statement explaining the need for
additional uncertainties should be included in the calculation
(example: TE, has been included in determination of AFT, due to the
change in environment during calibration).

o AFT,=(RA. +DR,?+ALT,?)"
Egn. 5-1
or if MTE is to be included

o AFT,=(RA. +DR,’ +ALT,? +MTE,2)"2 Eqn. 5-2/7.1-7
Channel Uncertainty (CU)

o CU+=+PM +PEZ +e.2 + ... +e.0) "2 4B+ Egn. 5-3

o CU- = - (PM® +PE® +e:2 + ... +¢,)"2 -B- Eqn. 5-4
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Error propagation for signal conditioning modules need to be
combined using the guidance of Reference ISA-RP67.04.02-2000
and the equations used should be listed as appropriate.
5.2.3.5.5 Trip Setpoint (NTSP)
* NTSP = AL or NPL +(CU + Margin) Eagn. 5-5
e NTSP =TS +(CU + Margin) in addition for ENVY Eqgn. 5-6
52356 Loop Allowable Value (AV)
e AV =NTSP = (AVTSM + Margin); where: Egn. 5-7

NTSP = Trip Setpoint, and

AVTSM = Allowable Value to NTSP as seen during loop
calibration.

Margin = Value added to protect the AL and yet maintain an
acceptable AFT to assure identification of a module that may be
functionally degrading.

e AV =AL + Uyy® for ENVY where: Eqn. 5-7a
AL = Analytical Limit
Uum™ = Uncertainty All Loop Components (Un-Measurable Errors)

Un-measurable Errors are defined as errors that are not
measured during plant surveillances (i.e., Static Pressure Effects,
LOCA Effects, Process Measurement Effects, Primary Element
Effects, etc.)

Therefore, uncertainties due to a harsh environment, process
measurement, or primary element are not considered. Therefore AVTSM
determination will as a minimum include consideration of all channel AFT
uncertainties pertaining to the calibration being performed. Therefore,
when considering Equation 5-7, AVTSM will be based on:

o AVTSM = (AFTe® + AFTe,” +...+...+ AFTe, )" Eqgn. 5-8

The following guidance is provided to assist in the development of
Allowable Values for parameters with off-scale Analytical Limits:

When the AL for a given parameter is outside the calibrated span of the
instrument loop, the standard methodology shall be applied to determine
a calculated AV. If the calculated AV is also outside the designed range
of the instrument loop, the documented AV for the loop shall be chosen
such that it is at the limit of the calibrated span of the instrument loop and
conservative relative to the calculated Allowable Value.
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Linear Scaling: The typical equation for linear scaling values is shown
below. The equation may be edited or expanded to address any non-
linear module of primary element such as logarithmic scaling.

5.2.3.5.7

s Sv= (v, - V) / S.]Ss + Vs where: Egn. 5-9

Sy - The scaled value

Ss - The span of the scaled value

Vs - The minimum span limit of the scaled value

Vi - The value of interest that is being scaled

V. - The low span limit value of the process or module that is
being scaled

S. - The span of the process or module that is being scaled

Use ENN-IC-G-001 for additional information and considerations
when developing instrument uncertainties and setpoints.

5.2.3.6 Section 6.0 -Uncertainty Analysis/evaluation and Setpoint Determination

5.2.3.6.1

52.36.2

5.2.3.6.3

5.2.3.64

Subsection 6.1 should be used to address/determine contributing
uncertainties (PM, PE, IR & en) - This section of the calculation
should determine the various contributors to the measurement
uncertainty, indication uncertainty, and actuation uncertainty as
applicable. Subsection 6.1.1 should address PM and determine if
any PM uncertainty values are applicable. Subsection 6.1.2 should
address PE and determine if any PE uncertainty values are
applicable. Subsection 6.1.3 should address IR and determine if any
IR uncertainty values are applicable. Additionally, Section 6.1
subsections should determine e, for each module or group of
modules as necessary to support surveillance/calibration procedures.
The final subsection of Section 6.1 should calculate the AFT for each
module e; thru e,

Subsection 6.2 should be used to determine Channel Uncertainty
(CU). In this subsection the individual module uncertainties and other
uncertainty terms are combined to determine the overall channel
uncertainty (See Section 5.2.3.5.4 for guidance regarding the
calculation of the Channel Uncertainty).

Subsection 6.3 should be used to document the Analytical Limit (AL)
or Normal Process Limit (NPL). The trip setpoint cannot be
established until the AL or NPL is defined. The basis or source of the
analytical limit must be clearly explained. Any inherent margins in the
analytical limit should be quantified, if possible. For applications
without an AL, the NPL that cannot be exceeded should be explained,
if applicable. Subsections of 6.3 may be used as necessary to
document these values.

Subsection 6.4 should be used to determine the Trip Setpoint (NTSP)
value or values. Calculate the Trip Setpoints in accordance with the
methodology provided in Section 5.2.3.5.5. If the same setpoint is
used for more than one actuation function, EOP action or decision
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6.0

7.0

point, and/or monitoring requirement, the function with the most
limiting (largest error producing) environmental requirement should be
used or individua! evaluations calculations for each function should be
performed, each with the appropriate set of conditions.

52.3.6.5 Subsection 6.5 should be used to determine the Allowable Value

5.2.3.7

5.2.3.8

5.2.3.9

RECORDS

(AV). Calculate the AV in accordance with the methodology provided
in Section 5.2.3.5.6. For any setpoint at JAF that has an Analytical
Limit, an AV shall be calculated for the total loop for that bistable.
The calculated AV will be used as the LSSS in Technical
Specifications. Computation of an AV is not required for indication
loops or for bistables that are based on NPLs.

Section 7.0 - Scaling Requirements: Subsection of section 7.0 in the
calculation should be used for scaling calculations. Scaling information
should be provided in the calculation to ensure that the setpoint
requirements are properly translated to the bistable settings. ENN-IC-G-001
Attachment 7.11 provides additional information regarding scaling
calculations. Determine the scaling requirements for all evaluated modules.

Section 8.0 - Summary/Conclusions: Subsections of section 8.0 should
summarize the results of the calculation. The summary should provide
adequate detail so that all conclusions can be understood in this section,
The summary of the results shall include all information to be provided to all
appropriate affected departments (MTE, ALT, AFT, Setpoint Value, scaling
results, any applicable EOP value etc.). At JAF notify the Drift Monitoring
Program Coordinator of changes in uncertainties for equipment listed in
JAF-RPT-MULTI-03025.

Section 9.0 — Attachments: Subsection of section 9.0 should include all
Attachments. Supporting documentation that might not be readily available
or that might be needed as part of any review of the calculation (memos,
vendor correspondence, etc.). Drawings, related calculations, Site-specific
procedures, and similar documents need not be attached.

6.1 Calculations shall be controlled in accordance with ENN-DC-126.

6.2 Calculations and Engineering Request (ER) Responses shall be transmitted to Site
Administrative Services and processed in accordance with ENN-AD-103.

ATTACHMENTS

7.1 Uncertainty Analysis Fundamentals

7.2 IPEC Site Specific Attachment

7.3 JAF Site Specific Attachment

74 PILGRIM Site Specific Attachment

7.5 VY Site Specific Attachment

7.6 Channel Uncertainty Calculation Checklist
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1. Categories of Uncertainty

The basic model used in this design guide requires that the user categorize instrument uncertainties as
random or Non-Random. This section describes the various categories of instrument uncertainty and
provides insight into the process of categorizing instrumentation uncertainty.

The determination of uncertainty is an interactive process requiring the development of assumptions and,
where possible, verification of assumptions based on actual data. Ultimately, the user is responsible for
defending assumptions that affect the basis of uncertainty estimates.

It should not be assumed that uncertainty discussed below would fit into a single category. For example,
the nature of some data may require that an instrument’s static pressure effect be described as random
uncertainty with an associated bias.

1.1 Random Uncertainties

Random uncertainties are referred to as a quantitative statement of the reliability of a single
measurement or of a parameter, such as the arithmetic mean value, determined from a number of
random trial measurements. This is often called the statistical uncertainty and is one of the so-called
precision indices. The most commonly used indices, usually in reference to the reliability of the mean,
are the standard deviation, the standard error (also called the standard deviation of the mean), and the
probable error.

It is usually expected that those uncertainties that manufacturer specifies as having a + magnitude are
random uncertainties. However, the uncertainty must be zero-centered and approximately normally
distributed to be considered random. Figure 7.1-1 shows the expected nature of these data.

1.2 Independent Uncertainty

Independent uncertainties are these uncertainties for which no common root cause exist. It is generally
accepted that most instrument channel uncertainties are independent of each other.

1.2.1  Dependent Uncertainties

Because of the complicated relationship that may exist between the instrument channels and various
instrument uncertainties, a dependency might exist between some random uncertainty terms and
parameters of an overall uncertainty analysis. Dependent uncertainties are those for which the user
knows or suspects that a common root cause exists which influences other uncertainty terms in the
analysis with a known relationship. Therefore, when these uncertainties are included, they should be
added algebraically, which results in a statistically larger value for that parameter when evaluated in the
overall channel uncertainty.
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1.3 Non-Random Uncertainties

1.3.1 Bias Uncertainties

Bias is defined as a systematic or fixed instrument uncertainty, which is predictable for a given set of
conditions because of the existence of a known direction (positive or negative). A very accurate
measurement can be made to be inaccurate by a bias effect that shifts the measurement over from the
true value by some fixed amount. Figure 7.1-2 shows an example of Bias.

Examples of Bias include the static pressure effect of dP transmitter, which exhibits a predictable zero
shift because of changes in static pressure, head correction range offset, reference leg heat-up or flashing
and changes in flow element differential pressure due to process temperature changes.

1.3.2 Abnormally Distributed Uncertainties

Some uncertainties not normally distributed may not be eligible for the SRSS combination and are
categorized as abnormally distributed. This type of uncertainty is treated as a bias against both the
positive and negative components of module uncertainty. Their unpredictable sign should be
conservatively treated by algebraically adding the bias in the worst direction.

1.3.3 Bias (Unknown Sign)

Some bias effects may not have a known sign. In that case these effects should be
algebraically added as bias in the worse direction.
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Figure 7.1-1
Random Behavior
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<

Figure 7.1-2
Effect of Bias

1.3.4 Correction

Some errors or offset that are of known direction and magnitude, such as static or head pressure can be
corrected in the calibration of the module. Therefore, they do not need to be included in the setpoint
calculation. However, the uncertainty of these corrections should be included and identified in the

calculation.








& ENN ATTACHMENT 7.1 ENN-1C-G-003 Revision 0
= Entergy NUCLEAR
MANAGEMENT UNCERTAINTY ANALYSIS Page 26 of 62
MANUAL FUNDAMENTALS
ATTACHMENT 7.1 UNCERTAINTY ANALYSIS FUNDAMENTALS
Sheet 4 of 32
2.0 Interpretation of Uncertainty Data

The proper interpretation of uncertainty information is necessary to ensure the validity of the setpoint
calculation. Historically, there have been many different methods of representing numerical uncertainty.
Almost all suffer from the ambiguity associated with shorthand notation. The symbol + for example,
without further explanation, is often interpreted as the symmetric probability interval associated with a
random, normally distributed uncertainty. Further, the probability level may be assumed to be 50%
(probable error), 68.27% (one sigma), 95.45% (two sigma), or 99.73% (three sigma). Still others may
assume the + symbol defines the limits of error (reasonable bounds) of bias or non-normally distributed
uncertainties. Discussions with the vendor may provide helpful insight for interpreting performance
specifications or test results.

It is the user's responsibility to avoid improper use of the vendor performance data. If a vendor-published
value of an uncertainty term (source) is believed to contain a significant bias uncertainty, then the + value
should be treated as estimated limit of error. Simple field tests (repeated measurements) by the user can
give an indication of random component of the published value, if separation of components is desirable. If
based on engineering judgment, the term is believed to represent only random uncertainties (no significant
bias uncertainties), then the + value may be treated as a value suitable for inclusion in the SRSS
combination.

One source of performance data that requires careful interpretation is that obtained during harsh
environmental testing. Often such tests are conducted only to demonstrate functional capability of a
particular instrument in a particular harsh environment. This usually requires only a small sample size and
invokes inappropriate rejection criteria for a probabilistic determination of instrument uncertainties. This
type of database typically results in limits of error (reasonable bounds) associated with bias or non-
normally distributed uncertainties.

The sample size should be considered prior to adjusting the measured net effects for normal
environmental uncertainties, reference accuracies, etc. The results of such tests describe several mutually
exclusive categories of uncertainty. For example, the results of a severe environment test contain
uncertainty contributions from the instrument reference accuracy, M&TE uncertainty, calibration
uncertainty, and others, in addition to the severe environmental effects. A conservative practice is to treat
the measured net effects as only uncertainty contributions due to the harsh environment.

Occasionally, select test data may appear inconsistent with the majority of the collected test data. In this
situation it may be possible to justify the inconsistent data as outliers. Analytical techniques for this
purpose are discussed in ANSI N15.15, ANSI/ASME PTC 17.1, and ANSI/ASTM E 178. Additionally,
Appendix J of ISA-RP67.04.02-2000 provides further discussion on statistical analysis.
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3.0 Elements of Uncertainty
3.1 Process Measurement Effects

Process measurement effects (PM) are those effects that have a direct effect on the accuracy of a
measurement. PM variables are independent of the process instrumentation used to measure the
process parameter. PM can often be thought of as physical changes in the monitored parameter that
cannot be detected by conventional instrumentation.

The following are examples of PM variables:

Temperature stratification and inadequate mixing of bulk temperature measurements
Reference leg heat up and process fluid density changes from calibrated conditions
Piping configuration effects on level and flow measurements

Fluid density effects on flow and level measurements

Line pressure loss and pressure head effects

Temperature variation effect on hydrogen partial pressure

Gas density changes on radiation monitoring

® & & & ¢ & o

Some PM terms are easily calculated, some terms are quite complex and are obtained
from the NSSS Vendor documents, and other PM terms are allowances developed and
justified by the NSSS Vendor.

3.2 Primary Element Accuracy

Primary element accuracy (PE) is generally described as the accuracy associated with the primary
element, typically a flow measurement device such as an orifice, venturi, or other devices from which a
process measurement signal is developed. The following devices are typically considered to have a
primary element accuracy that requires evaluation in an uncertainty analysis:

Flow venturi

Flow nozzle

Orifice plate

RTD or thermocouple thermowell

Sealed sensors such as a bellows unit to transmit a pressure signal

PE can change over time because of erosion, corrosion, or degradation of the sensing device. Installation
uncertainty effects can also contribute to PE errors.
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3.2.1 Reference Accuracy

Reference Accuracy (RA) defines a limit that error will not exceed when a device is used under reference
or specified operating conditions. This accuracy typically consists of three instrument characteristics
normally specified by the manufacturer: repeatability, hysteresis, and linearity. These characteristics
occur simultaneously and a band that surrounds the true output denotes their cumulative effects (see
Figure 7.1-3). Deadband is another attribute that is sometimes included within the reference accuracy.

Accuracy
Band
20 s N .

Ve
/ .
. 7’ P 7
True Value 7 / X
Output
(mA) :

4
PO PS

Pressure Input
PO - Zero
PS - Upper Span Limit

Figure 7.1-3
Instrument Accuracy

Repeatability is an indication of an instrument’s stability and describes its ability to duplicate a signal
output for multiple repetitions of the same input. Repeatability is shown on Figure 7.1-4 as the degree
that signal output varies for the same process input.
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Instrument repeatability can degrade with age as an instrument is subjected to more cumulative stress,
thereby yielding a scatter of output values outside of the repeatability band.

20
Repeatability
o;’é?:; Band
4

PIN
Pressure Input

Figure 7.1-4
Repeatability

Hysteresis is the difference between upscale and downscale results in instrument response when
subjected to the same input approached from the opposite direction. Hysteresis describes an instrument’s
change in response as the process input signal increases or decreases (see Figure 7.1-5). The larger the
hysteresis, the lower is the corresponding accuracy of the output signal. Stressors can affect the
hysteresis of an instrument.
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Figure 7.1-5
Hysteresis

All instrument transmitters preferably exhibit linear characteristics, i.e., the output signal should be linearly
and proportionately related to the input signal. Linearity describes the ability of the instrument to provide

a linear output in response to a linear
change with time and stress.

input (see Figure 7.1-6). The linear response of an instrument can

Actual
Calibration

Curve \

20

Qutput
{(mA)

Desired
Calibration
Curve

Pressure Input

Figure 7.1-6 Linearity
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In cases in which the measurement process is not linear, the more appropriate term to use is conformity,
meaning that the output follows some desired curve. Linearity and conformity are often used
interchangeably.

As discussed, reference accuracy is generally described as the combined effect of hysteresis, linearity,
and repeatability. These three separate effects are usually combined as SRSS to form the bounding
estimate of reference accuracy as follows:

RA = (h? + +3)'? Eqn. 7.1-1

Reference accuracy
Hysteresis

Linearity
Repeatability

Where, RA
h

I
r

[N B

Reference Accuracy cannot be adjusted, improved, or otherwise affected by the calibration process.
Rather, it is a performance specification against which the device is tested during calibration to determine
its condition. A 5-point calibration check (0%, 25%, 50%, 75%, and 100%) of an instrument’s entire span
verifies linearity. If checking up to 100% and back down to 0% performs a 9-point check, hysteresis is
also verified. Finally, if the calibration check is performed a second time (or more), repeatability is
verified. The calibration check process is rarely performed to a level of detail that also confirms
repeatability. For this reason, the vendor’s reference accuracy term should be verified to ensure that it
includes the combined effects of linearity, hysteresis, and repeatability. If the vendor's accuracy
specification does not include all of these terms, the missing terms may be included into the accuracy
specification as foliows:

!
r

RA = (va® +h? +2 +r%)"2 Eqgn. 7.1-2
Where, RA = Revised estimate of reference accuracy
va = Vendor’s stated accuracy with some terms not included
h = Hysteresis (if not already included)

Linearity (if not already included)
Repeatability (if not already included)

Reference accuracy is considered an independent and random uncertainty component unless the
manufacturer specifically states that a bias or dependent effect also exists. Reference accuracy is
normally expressed as a percent of instrument span, but this should be confirmed from the
manufacturer's specifications.

Bistables, trip units, and pressure switches may not require a consideration of hysteresis and linearity
because the calibration might be checked only at the setpoint. If the accuracy is checked at the setpoint
for these devices, the accuracy elsewhere in the instrument’s span is not directly verified.
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The calibration process might not adequately confirm the reference accuracy if the measuring and test
equipment (M&TE) uncertainty significantly exceeds the accuracy of the device being calibrated. For
example, the calibration process cannot verify a 0.1% accuracy specification with M&TE having an
uncertainty of 0.5%. If the M&TE uncertainty exceeds the specified reference accuracy, then the
reference accuracy should be considered no better than the M&TE allowance.

Deadband represents the range within which the input signal can vary without experiencing a change in
the output (see Figure 7.1-7). For bistable devices the deadband is the difference between the setpoint
and the reset point. The ideal instrument would have no deadband and would respond to input changes
regardiess of their magnitude. Instrument stressors can change the deadband width over time,
effectively requiring a greater change in the input before a output response is achieved.

The vendor’s instrument accuracy specification might include an allowance for deadband or it might be
considered part of hysteresis (included in reference accuracy). Recorders generally have a separate
allowance for deadband to account for the amount the input signal can change before the pen physically
responds to the change.

20
Output
(mA)
L4
\ Deadband
(about a
particular
pressure)
4
1
I
]

Pressure Input

Figure 7.1-7
Deadband

When choosing a pressure switch setpoint the calculation preparer should confirm
that the setpoint allows for deadband. In extreme cases, the pressure switch might
reach a mechanical stop with the deadband not allowing switch actuation.
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3.3 . Turndown Effect

If a transmitter has an adjustable span over some total range, the uncertainty
expression may require adjustment by the turndown factor. For example, a transmitter
may have a range of 3,000 psig with an uncertainty of 2% of the total range,
sometimes referred to as the upper range limit (URL). If the span is adjusted such that
only 1,000 psig of the entire 3,000 psig range is used, the transmitter has not somehow
become more accurate. The 2% uncertainty of the 3,000 psig span is 60 psig, which
equates to a 6% uncertainty for the 1,000 psig span. Transmitters with variable spans
typically define performance specifications in terms of the total range and the
calibrated span.

If the performance specifications are quoted as a percent of full span (FS), the
uncertainty expression will not require an adjustment for the turndown factor.

34 Drift

Drift (DR) is commonly described as an undesired change in output over a period of
time; the change is unrelated to the input, environment, or load. A shift in the zero
setpoint of an instrument is the most common type of drift. This shift can be described
as a linear displacement of the instrument output over its operating range as shown in
Figure 7.1-8. Zero shifts can be caused by transmitter aging, an overpressure condition
such as water hammer, or sudden changes in the sensed input that might stress or
damage sensor components.

Normally DR values will be the vendor's specified drift adjusted for plant-specific Calibration Period
including any Grace Period identified in the Technical Specification. For example; if the vendor's
specified drift were X% of span/year and the plant-specific Calibration Period is 24 months with a
Technical Specification Grace Period of 6 months; the adjusted DR for the module would be determined
by:

DR= [2 yr(X% of span/yr)® +1/2 yr(X% of span/yr}]'?  Eqn. 7.1-3

When the Drift Value has been determined statistically based on As-Found/As-Left
Calibration Data; as a minimum the RA Value shall be set Equal to 0.0 in the
uncertainty analysis. MTE, and any errors experienced during calibration can be set to
zero if using a statistically based drift value. Site specific procedures/guides may be
used to determine drift (DR) from As Found/As Left calibration data.
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Figure 7.1-8
Zero Shift Drift

Span shifts are less common than zero shifts and are detected by comparing the minimum and maximum
current outputs to the corresponding maximum and minimum process inputs. Figure 7.1-9 shows an
example of forward span shift in which the instrument remains in calibration at the zero point, but has a
deviation that increases with span. Reverse span shift is also possible in which the deviation increases
with decreasing span.








& : ENN ATTACHMENT 7.1 ENN-IC-G-003 Revision 0
= Entergy NUCLEAR
MANAGEMENT UNCERTAINTY ANALYSIS Page 35 of 62
MANUAL FUNDAMENTALS
ATTACHMENT 7.1 UNCERTAINTY ANALYSIS FUNDAMENTALS

Sheet 13 of 32

As-Found Condition
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Figure 7.1-9

Span Shift Drift

The amount of drift allowed for an instrument depends on the manufacturer’s drift specifications and the
period of time assumed between calibrations.

The manufacturer’s specified drift is often based on a maximum interval of time between calibration
checks. Several methods are available to adjust the drift allowance to match the calibration period of the
instrument. If the instrument drift were assumed to be linear as a function of time, the drift allowance
would be calculated as follows:

DR=+(1.25xcp)xvd Egn. 7.1-4
Where, DR = Drift allowance to be used in the uncertainty analysis
cp = Instrument calibration period (typically in months)
vd = Vendor's drift specification per unit of time (also in months)
125 = Provided that Maximum allowance on time

requirements in the Technical Specifications is 30 months for a 24
months cycle

For example, if the vendor provides a drift allowance of 0.5% per 6 months, the drift used
in the uncertainty analysis for a 2-year fuel cycle could be as large as follows:

DR =+ (1.25 x 24 months) x (0.5% of span / 6 months) = 2.5% of span
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The above approach assumes that the drift is a linear function of time that continues in one direction once
it starts. In the absence of other data, this is a conservative assumption. However, if the vendor states
that the drift during the calibration period is random and independent, then it is just as likely for drift to
randomly change directions during the calibration period. In this case, the square root of the sum of the
squares of the individual drift periods between calibrations could be used.

In this case, the total drift allowance for Technical Specification allowance of 30 months would be:
DR = + (0.5%2 +0.5%2 +0.5%2 +0.5%° +0.5%°)"? = 1.12% of span

Some vendors have stated that the majority of drift tends to occur in the first several months following a
calibration and that the instrument output will not drift significantly after the “settle-in period”. In this case,
a lower drift value might be acceptable provided that the vendor can supply supporting data of this type of
drift characteristic.

Drift can also be inferred from instrument calibration data by an analysis of As-Found (AF) and As-Left
(AL) data. Typically, the variation between the as-found reading obtained during the latest calibration and
the as-left reading from the previous calibration is taken to be indicative of the drift during the calibration
interval. By evaluating the drift over a number of calibrations for functionally equivalent instruments, an
estimate of the drift can be developed. Typically, the calibration data is used to calculate the mean of drift,
the standard deviation of drift, and the tolerance interval that contains a defined portion of the drift data to
a certain probability and confidence level (typically 95%/95%). This statistically determined value of drift
can be used to validate the vendor’'s performance specification and can also be used as the best estimate
of drift in the uncertainty calculation. Assigning all of the statistically-determined drift from plant specific
data is especially conservative because this drift allowance contains many other contributors to
uncertainty, including:

o Instrument hysteresis and linearity error present during the first calibration

e Power Supply Effect

e Instrument hysteresis and linearity error present during the second calibration

¢ Instrument repeatability error present during the first calibration

s Instrument repeatability error present during the second calibration

e Measurement and test equipment error present during the first calibration

e Measurement and test equipment error present during the second calibration

e Personnel-induced or human-related variation or error during the first calibration
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* Personnel-induced or human-related variation or error during the second calibration

* Instrument temperature effects due to a difference in ambient temperature
between the two calibrations (this is particularly true for 18-month cycle plants
in which the first calibration is performed in the winter and the second
calibration is performed in the summer)

¢ Environmental effects on instrument performance, e.g., radiation, temperature,
vibration, etc., between the two calibrations that cause a shift in instrument
output

. Misapplication, improper installation, or other operating effects that affect
instrument calibration during the period between calibrations

¢ True instrument "drift" representing a change, time-dependent or otherwise, in
instrument output over the time period between calibrations

Regardless of the approach taken for determining the drift allowance, the uncertainty calculation should
provide the basis for the value used. Confirmation of the validity of the drift values used will be provided
as applicable by application of site-specific administrative programs policies or procedures.

3.5 Temperature Effects

The ambient temperature is expected to vary somewhat during normal operation. This expected
temperature variation can influence an instrument’s output signal and the magnitude of the effect is
referred to as the temperature effect (TE). Larger temperature changes associated with accident
conditions are considered part of the environmental allowance and the effect of larger temperature
changes are usually determined from vendor environmental qualification test data. The temperature
effects described here only relate to the effect on instrument performance during normal operation.

The vendor normally provides an allowance for the predicted effect on instrument performance as a
function of temperature. For example, a typical temperature effect might be 0.75% per 100°F change
from the calibrated temperature. This vendor statement of the temperature effect would be correlated to
plant-specific performance as follows: :
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TE = (nt - ct) vie Eqn. 7.1-5
Where, TE = Temperature effect to assume for the uncertainty calculation
nt = Normal expected maximum or minimum temperature (both sides
should be checked)
ct = Calibration temperature
vie = Vendor's temperature effects expression

For example, if the vendor’s temperature effects expression is 0.75% of span per 100°F, the calibration
temperature is 70°F, and the maximum expected temperature is 110°F. This vendor statement of the
temperature effect would be correlated to plant-specific performance as follows:

TE = [(110°F - 70°F) x (0.75%./100°F)] = 0.30 % of span

Some manufacturers have also identified accident temperature effects that describe the expected
temperature effect on instrumentation for even larger ambient temperature variations. An accident
temperature effect describes an uncertainty limit for instrumentation operating outside the normal
environmental limits.

Temperature effect is considered a random error term unless otherwise specified by the manufacturer.
3.6 Radiation Effects

During normal operation, most plant equipment is exposed to relatively low radiation
levels. Although the lower dose rate radiation effects might have a nonreversible effect
on an instrument, the calibration process can eliminate them. [f the dose rate is low
enough, the ambient environment might be considered mild during normal operation
and radiation effects can be considered negligible. Any effects of relatively low
radiation effects are considered indistinguishable from drift and are calibrated out during
routine calibration checks.

If the normal operation dose rate is high enough that radiation effects (RE) should be considered, the
environmental qualification test report/documents will provide a source of radiation effect information.
During the worst-case accident environment, radiation effects can be part of the simultaneous effect of
temperature, pressure, steam, and radiation that was determined during the environmental qualification
process. Other plant locations might experience a more benign temperature and pressure environment,
but still be exposed to significant accident radiation. For each case, the determination of the radiation
effects should rely on the data in the environmental qualification documentation. Environmental
qualification test documentation data should usually be treated as an abnormally distributed bias unless
the manufacturer has provided data supporting its treatment as a random contributor to uncertainty.
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3.7 Static and Ambient Pressure Effects

Some devices exhibit a change in output because of changes in process or ambient pressure. A
differential pressure transmitter might measure flow across an orifice with a differential pressure of a few
hundred inches of water while the system pressure is over 1,000 psig. The system pressure is
essentially a static pressure placed on the differential pressure measurement. The vendor usually
specifies the static pressure effect; a typical example is shown below:

Static pressure effect = 0.5% of span per 1,000 psig

The static pressure (SP) effect is a consequence of calibrating a differential pressure instrument at low
static pressure conditions, but operating at high static pressure conditions.

If the static pressure effect is considered a bias by the manufacturer, the operating manual usually
provides instructions for calibrating the instrument to read correctly at the normal expected operating
pressure, assuming that the calibration is performed at low static pressure conditions. This normally
involves changing the zero and span adjustments by a manufacturer-supplied correction factor at the low-
pressure (calibration) conditions so that the instrument will provide the desired output signal at the high-
pressure (operating) conditions. The device could also be calibrated at the expected operating pressure
to reduce or eliminate this effect, but is not normaily done because of the higher calibration cost and
complexity.

Some static pressure effects act as a bias rather than randomly. For example, some instruments are
known to read low at high static pressure conditions. If the calibration process does not correct the bias
static pressure effect, the uncertainty calculation needs to include a bias term to account for this effect.

Ambient pressure variation can cause some gauge and absolute pressure instruments to shift up or down
scale depending on whether the ambient pressure increases above or decreases below atmospheric
pressure. Normally, this effect is only significant on 1) applications measuring very small pressures or 2)
applications in which the ambient pressure variations are significant with respect to the pressure being
measured. Gauge pressure instruments can be sensitive to this effect when the reference side of a
sensing element is open to the atmosphere. If the direction of the ambient pressure change is known,
the effect is a bias. If the ambient pressure can randomly change in either direction, the effect is
considered random.
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3.8 Overpressure Effect

In cases where an instrument can be over-ranged by the process pressure without the process pressure
exceeding system design pressure, an overpressure effect must be considered. Overpressure effects
(OP) are often considered in low-range monitoring instruments in which the reading is expected to go off-
scale high as the system shifts from shutdown to operating conditions. Some pressure switches may
also be routinely over-ranged during normal operation. The overpressure effect is normally considered
random and is usually expressed as a percent uncertainty as a function of the amount of overpressure.
The contribution of the overpressure effect on instrument uncertainty would only apply after the
instrument has been over-ranged.

3.9 Measuring and Test Equipment Uncertainty

M&TE uncertainty is the inaccuracy introduced by the calibration process due to the limitations of the
test instruments. M&TE uncertainty includes three principal components: (1) reference accuracy of the
test equipment, (2) effect of temperature on the test equipment, and (3) accuracy of the test equipment
calibration process. The first two components are included directly in the M&TE uncertainty and the
third is assumed to be included in the conservatism of the reference accuracy of the test equipment.

Ali test equipment is certified to pass calibration requirements. Discussion with vendors shows that the
actual accuracy of the test equipment is better than the vendor published values. Both of these provide
conservatism in the accuracy of the test equipment and, therefore conservatism in the M&TE
determination. Typically the standards used to calibrate the test equipment are generally rated 4:1
better than the equipment being calibrated. For these reasons it is generally accepted that the
published reference accuracy of the test equipment includes the uncertainty of the calibration standard
since reference accuracy divided by 4 is negligible in the relation to other uncertainties. For the
purposes of setpoint and uncertainty calculations, the total M&TE uncertainty for any module should be
based on test equipment, which has been calibrated using 4:1 reference standards.

The M&TE uncertainty included in an uncertainty calculation is based on historical practices. The
implicit design assumption is that M&TE used in the future will be equal to or better than the M&TE
used in the past (due to improvements in State of the Art test equipment). In order to ensure this
assumption is not invalidated by future calibrations, review the M&TE specified in the applicable I&C
procedures. Verify the uncertainty of the M&TE specified (including calibration standards) is bounded
by the drift uncertainty used in the calculation as shown in the following sections for each type of
instrument or configuration.

If required and specified, the actual uncertainty for the M&TE and reference standards may be used in
the setpoint or uncertainty calculation.
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3.10  Power Supply Effects
Power supply effects (PS) are the changes in an instrument’s input-output relationship due to the power
supply stability. For 2-wire current loop systems, AC supply variations must be considered for their

effects on the loop’s DC power supply. The consequential DC supply variations must then be considered
for their effects on other components in the series loop, such as the transmitter.

Using the manufacturer's specifications, the power supply effect is typically calculated as follows:

PS = pss x vpse Egn. 7.1-6
where, PS = Power supply effect to assume for the uncertainty calculation
pss = Power supply stability
vpse = Vendor's power supply effect expression

Power supply stability refers to the variation in the power supply voltage under design conditions of supply
voltage, ambient environment conditions, power supply accuracy, regulation, and drift.

3.11 Indicator Reading Uncertainty

An analog indicator can only be read to certain accuracy. The uncertainty of an indicator reading
depends on the type of scale and the number of marked graduations. An analog indicator can generally
be read to a resolution of 1/4 of the smallest division on the scale. Figure 7.1-10 shows an example of a
linear analog scale. As shown, the indicator would be read to 1/4 of the smallest scale. Anyone reading
this scale is able to confirm that the indicator pointer is between 40 and 45. In this case, the estimated
value would be 42.5. If an imaginary line is mentally drawn at the 1/4 of smallest scale division point, an
operator can also tell whether the pointer is on the high side or the low side of this line. Therefore, the
uncertainty associated with this reading would be 1/4 of the smallest scale division, or 1.25 for the
example shown in Figure 7.1-10.
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Figure 7.1-10
Analog Scale
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Notice that this approach defines first the resolution to which the indicator could be read (of smallest scale
division) with an uncertainty of % of smallest scale division about this reading resolution. in terms of an
uncertainty analysis, it is not the reading resolution, but the uncertainty of the resolution that is of interest.

Type of
Scale

Analog
Linear

Analog
Logarithm or
Exponential

Analog
Square Root

Digital

Analog
Recorder

Discussion

An uncertainty of + 1/4 of the smallest division should be assigned as the indication
reading uncertainty.

Logarithm or exponential scales allow the presentation of a wide process range on a
single scale. Radiation monitoring instruments commonly used an exponential scale. An
uncertainty of + 1/4 of the specific largest division of interest should be assigned as the
indication reading uncertainty. This requires an understanding of where on the scale that
the operators will be most concerned regarding the monitored process.

Square root scales show the correlation of differential pressure to flow rate. An
uncertainty of + 1/4 of the specific largest division of interest should be assigned as the
indication reading uncertainty. This requires an understanding of where on the scale that
the operators will be most concerned regarding the monitored process.

The reading uncertainty is the uncertainty associated with the least significant displayed
digit, which is usually negligible as an indication reading uncertainty. The digital display
must be evaluated to confirm that the reading uncertainty is insignificant.

Analog recorders have the same reading uncertainties, as do analog indicators. The only
potential difference is that the indicator scale is fixed in place but the recorder chart paper
can be readily replaced with a different scale paper. The chart paper used for the
recorder should be checked to verify that the indication reading uncertainty can be
estimated.

3.12  Seismic Effects

Two types of seismic effects (SE) should be considered: 1) normal operational vibration and minor
seismic disturbances, and 2) design basis seismic events in which certain equipment performs a safety

function.

The effects of normal vibration (or a minor seismic event that does not cause an unusual event) are
assumed to be calibrated out on a periodic basis and are considered negligible. Abnormal vibrations
(vibration levels that produce noticeable effects) and more significant seismic events (severe enough to
cause an unusual event) are considered abnormal conditions that require maintenance or equipment

modification.
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Design basis seismic events can cause a shift in an instrument’s output. For the equipment that must
function following a design basis seismic or accident event, the environmental qualification
documentation should be reviewed to obtain the bounding uncertainty. The seismic effect may be
specified as a separate effect or, in some cases, may be included in the overall environmental allowance.

3.13  Environmental Effects - Accident

The environmental allowance is intended to account for the effects of high temperature, pressure,
humidity, and radiation that might be present during an accident, such as a LOCA or HELB event.
Qualification documentation for safety-related instruments normally contains tables, graphs or both, of
accuracy before, during and after radiation and steam/pressure environmental and seismic testing. Many
times, manufacturers summarize the results of the qualification testing in their product specification
sheets. More detailed information is available in the equipment qualification report. The manufacturer's
specification sheet tends to be very conservative, as the worst-case performance result is normally
presented.

Performance data from harsh environment testing requires careful interpretation. These tests are
conducted to demonstrate functional capability of a particular instrument in a particular environment. Note
that the results of these tests contain uncertainty contributions from the instruments RA, calibration
tolerances, and MTE in addition to the severe environment effects. Typically, qualification tests are
conducted at the upper exiremes of simulated DBE environments so that the results apply to as many
plants as possible, each with different requirements. It is not always practical or necessary to use the
results at the bounding environmental extremes when the actual requirements are not as limiting.
Consulting the instrument vendor may be helpful to gain insight into the behavior of the uncertainty. It is
sometimes possible to delete or reduce accident uncertainties based on the timing of the actuation
function. Care should be taken in using this technique to verify that the most limiting conditions for all of
the applicable safety analyses are used.

3.14  As-Left Tolerance Specification

The As-Left Tolerance (ALT) establishes the required accuracy band that a device or group of devices
must be calibrated to within and remain to avoid recalibration when periodically tested. If an instrument
is found to be within the as-left tolerance, no further calibration is required for the instrument and
calculations should assume that an instrument might be left anywhere within this tolerance.
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The uncertainty calculation documents the calibration as-left tolerance for a device. Typically many
instruments have had an as-left tolerance specified the same as calibration tolerance in calibration
procedure. This tolerance is usually used because it is readily achievable by the calibration process and
does not, in most cases, require special attention to measuring and test equipment accuracy. For
existing instruments the as-left tolerance is already specified by the applicable calibration procedure.
This as-left tolerance is recommended for use in the calculation unless other conditions suggest that a
different tolerance is warranted. For example, a tighter tolerance is easily achievable for most electronic
equipment and a tighter tolerance might provide needed margin for a setpoint calculation. Conversely,
establishing a tighter tolerance than achievable by the device ensures that it will routinely be found out of
calibration.

The as-left tolerance should be specified for all instruments covered by the associated calculation, even
if the as-left tolerances are unchanged from the values already specified in the applicable calibration
procedures. The as-left tolerance is treated as a random term in the uncertainty analysis. The as-left
tolerance is typically set equal to the Reference Accuracy.

3.15  As-Found Tolerance Specification

The As-Found Tolerance (AFT) establishes the limit of error the defined devices can have and still be
considered functionai. The as-found toierance wiil never be iess than the as-lefi tolerance. The purpose
of the as-found tolerance is to establish a level of drift within which the instrument is still clearly functional.
An instrument found outside the as-left tolerance but still within the as-found tolerance requires a
recalibration but no further evaluation or response.

The as-found tolerance is generally defined to include the effects of reference accuracy, allowed drift, and
as-left tolerance and may also inciude MTE. When additional uncertainty is added, a brief statement
explaining the need for additional uncertainties should be included in the calculation (example: TE, has
been included in determination of AFT, due to the change in environment during calibration). The as-
found tolerance is calculated as follows:

AFT = (RA%+ DR? + ALT? + MTE®)' Eqn. 7.1-7/5-2
Where, AFT = As-found tolerance
RA = Device reference accuracy
DR = Device allowance for drift
ALT = As-left tolerance
MTE = Measurement & Test Equipment Effect
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Note: When the drift value has been determined statistically based upon as-found / as left data; as a
minimum the RA value should be set equal to zero in this equation. For additional variables that
may be considered for setting equal to zero, see Attachment 7.1, Section 3.4.

The as-found tolerance should be specified for instruments covered by the associated calculation when
determined necessary. For certain instruments included in the Technical Specifications, the as-found
tolerance as defined at ENN impacts the allowable value calculation.

3.16  Propagation of Uncertainty Through Modules

If signal conditioning modules such as scalars, summers, square root extractors, multipliers, or other
similar devices are used in the instrument channel, the module’s transfer function should be accounted
for in the instrument uncertainty calculation. The uncertainty of a signal conditioning module’s output can
be determined when 1) the uncertainty of the input signal, 2) the uncertainty associated with the module,
and 3) the module’s transfer function are known. Equations have been developed to determine the
output signal uncertainties for several types of signal conditioning modules. Refer to ENN-IC-G-001
Attachment 7.7 for additional information.

3.17  Calculating Total Channel Uncertainty

The calculation of an instrument channel uncertainty should be performed in a clear, straightforward
process. The actual calculation can be completed with a single loop equation containing all potential
uncertainty values or by a series of related term equations. Either way, a specific channel calculation
should be laid out to coincide with a channel’s layout from process measurement to final output module or
modules.








%Enteffgy

ENN ATTACHMENT 7.1 ENN-IC-G-003  Revision 0
NUCLEAR
MANAGEMENT UNCERTAINTY ANALYSIS Page 46 of 62
MANUAL FUNDAMENTALS

ATTACHMENT 7.1

UNCERTAINTY ANALYSIS FUNDAMENTALS

Sheet 24 of 32

Using the basic formulas described previously, the typical channel calculation takes the following form:

CU =+PM” + PE* + Module I’ +...+ Module i* + ¥ | F| +3 L -3 M

where,

Cu =

PM =
PE =

Module 1, n =

Total channel uncertainty. Depending on the loop, the uncertainty may
be calculated for a setpoint(s), indication function, or control function.
In some cases, all three functions may be calculated. Because each
function will typically use different end-use devices, the channel
uncertainty is calculated separately for each function.

Random uncertainties that exist in the channel’s basic process measurement.

Random uncertainties that exist in a channel's primary element, if
present, such as the accuracy of a flow orifice plate.

Total random uncertainty of each module in the loop from Module 1
through Module n. For example, if Module 1 had three sources of
uncertainty (a, b, and c), then the Module 1 term in the above equation

would be of the form:
Module I =%+ g+ b+ 3

In loop tolerance calculations, the total module uncertainty will be designated e,

Where, x = 1 to n modules.

ZF

ZL

M

= total of all abnormally distributed uncertainties (The magnitude
is taken of each individual term because a specific bias
direction is not certain.)

= total of all positive biases associated with a channel (This
includes any uncertainties from PM, PE, or the modules that
could not be combined as a random term.)

= total of all negative biases associated with a channel (This
includes any uncertainties from PM, PE, or the modules that
could not be combined as a random term.)

Egn. 7.1-8
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The biases for all modules would be combined outside the square root radical. Consider, for example an
instrument loop with a +2% reference leg bias for PM, an abnormally distributed uncertainty of 0.5% for
Module 1, and an insulation resistance (IR) degradation effect of +1.0%. In this case, the bias terms are

as follows:
L = Bey + Br = 2.0% + 1.0% = 3.0%
M = 0%
IF = 0.5%

An instrument loop may contain several discrete instruments (modules) that process the measurement
signal from sensor to display, or from sensor to bistable. An uncertainty calculation would determine the
expected uncertainty for the selected instrument loop and each discrete component could have several
uncertainty terms contributing to the overall expression for instrument uncertainty. For example, the
sensor (typically considered Module 1) portion of the overall uncertainty calculation may contain any or all
(or other) of the following uncertainty terms:

e1=+\RAZ+ DR*+TE*+ HE* + RE*+ PS’ + SP* + OP* + SE* + EP? + ALT" + MTE’ + R
Y Fl+2I Im Egn. 7.1-9

Module Uncertainty (e, Any Typical Module-normal uncertainties ENVY)

en=+ (RA? +DR? +TE,? +HE,? +RE,2 +PS? +OP? + +EP? +ALT2 +MTE? +R?)"? + (SP?
*SE?) 2 4B Egn. 7.1-9a

Module Uncertainty (e_oca Any Typical Module-LOCA uncertainties ENVY)
eLoca== (RA? +DR? +TE,2 +HE?2 +RE.? +PS? +OP? + +EP? +ALT? +MTE? +R3)'2 +

(SP?*SE? + TELoca? + HELocaZ * RELoca? ) 2 +B Eqn. 7.1-9b
Where,
ey = Total module uncertainty. When all module uncertainties are combined to calculate the

channel uncertainty, CU, the random portion of the “e,” terms is placed under the square
root radical and the bias portions are combined algebraically.

RA = Sensor reference accuracy specified by the manufacturer.

DR = Drift of the sensor over a specific period. This has historically been the drift specified by
the manufacturer.
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TE = Temperature effect for the sensor; the effect of ambient temperature variations on the
sensor accuracy.
HE = Humidity effect for the sensor; the effect of changes in ambient humidity on sensor
accuracy, if any.
RE = Radiation effect for the sensor; the effect of radiation exposure on sensor accuracy.
PS = Power supply variation effects; the uncertainty due to instrument power supply variations.
SP = Static pressure effects for the sensor; the effect of changes in process static pressure on
sensor accuracy.
OP = Overpressure effect; the effect of over ranging the pressure sensor of a
transmitter.
SE = Seismic effect for the sensor; the effect of seismic or operational vibration on the sensor
accuracy.
EP = The error of a specific instrument that is associated with ambient pressure variations.
ALT = Calibration setting tolerances for the sensor; the uncertainty associated
with calibration tolerances.
MTE = Maintenance and test equipment effect for the sensor; the uncertainties
in the equipment utilized for calibration of the sensor.
R = Readability error associated with display functions.
f,lm = Biases associated with the sensor, if any.

Note in the above example that the possible sources of uncertainty only include those associated with the
sensor. Similar terms for signal isolators, indicators, bistables or other signal conditioning instruments
would be combined to obtain an overall uncertainty expression for an entire instrument loop. The random
uncertainty terms would be included with the sensor random terms within the square root radical. The
bias terms are combined according to their direction outside the square root radical.
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4.0 Nominal Trip Setpoint Calculation

An uncertainty calculation defines the instrument loop uncertainty through a specific arrangement of
instrument modules. This calculation is then used to determine an instrument setpoint based upon the
safety parameter of interest. The relationship between the setpoint, the uncertainty analysis, and normal

system operation is shown in Figure 7 1-11

Process Safety Limit

Analysis Margin, Transient Response,
Modelina Frror. Resnonse Time. atc.

Accident Environmental Effect,
Process Measurement Effects, Static
Pressure Effects, etc.

PROCESS UNCERTAINTIES

Unusable Design Margin

Channél
Uncertainty Channel Modules Environmental
Effects: Temperature, Humidity, etc.

LIMIT

ANALYTICAL

Usable Design Margin

OTHER UNCERTAINTIES
Margin ALLOWABLE
Effects of Channel Modules, SRSS of Modules VALUE T
Reference Accuracy, Drift, M&TE, AS; As-Found Tolerance
Left Tolerances, etc. (AVTSM) ALLOWABLE
ALLOWABLE UNCERTAINTIES BAND
v A 4
Margin ' TRIP
NOTE: If margin is SETPOINT

the Setpoint and A’ Normal Operating Margin

Tolerance is to be used to identify

an instrument that is degratet:

Operating Range

For Process Parameter
INCREASING Toward Setpoint

System Shutdown

Figure 7.1-11

Setpoint Relationships (For Increasing Setpoint)
(Similar for decreasing setpoint, but process is decreasing towards the setpoint.)
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Analysis Margin, Transient Response,
Modelina Frror. Resnonse Time. eto.

Process Safety Limit

Unusable Design Margin

ANALYTICAL
Y Y
LIMIT
Accident Environmental Effect,
Process Measurement Effects,
Static Pressure Effects, Un-measurable Errors (Uym)
Channel Modules Environmental
Effects: Temperature, Humidity, Usable Design
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Channel
Uncertainty
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. . . SETPOINT
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Spurious Trip Margin SETPOINT
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the Setpoint and AV, the As-Found
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Figure 7.1-11a
Setpoint Relationships (For Increasing Setpoint) for ENVY
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Safety limits are established to protect the integrity of systems or equipment that guard against the
uncontrolled release of radioactivity. Safety limits may also be established to protect against the failure,
catastrophic or otherwise, of a system.

Analytical limits are established to ensure that the safety limit is not exceeded. The analytical limit
includes the effects of system response times or actuation delays to ensure that the safety limit is not
exceeded.

The allowable value is a value that the trip setpoint might have when tested periodically due to instrument
drift or other uncertainties associated with the test. A setpoint found within the allowable value region, but
outside the instrument setting tolerance, is usually considered acceptable with respect to the analytical
limit. The instrument must be reset to return it within the allowed as-left tolerance. A setpoint found
outside the allowable value region may require an evaluation for operability. Normally, an allowable value
is assigned to Technical Specification parameters that also have an analytical limit.

The trip setpoint is the desired actuation point that ensures, when all known sources of measurement
uncertainty are included, that an analytical limit is not exceeded. Depending on the setpoint, additional
margin may exist between the trip setpoint and the analytical limit. The trip setpoint is to be selected to
ensure the analytical limit is not exceeded while also minimizing the possibility of inadvertent actuations
during normal plant operation (See Operating Margin below).

The relationship between the above parameters is expressed as follows:

NTSP= AL X(CU + Margin) Egn. 7.1-10
NTSP = TS x(CU + Margin) in addition for ENVY Egn. 7.1-11
where,

NTSP = Trip setpoint

AL = Analytical limit

Cu = Trip setpoint uncertainty (the channel uncertainty through the

bistable)
Margin = An amount chosen, if desired, by the user for

conservatism. Note that when the trip setpoint

is very close 1o the system’s normal operating

point, the margin may be very small or zero.
TS = Technical Specification Limit
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Some parameters do not have an analytical limit. However, there is often a process
limit beyond which some action is desired. For example, a high level setpoint may start
a pump to empty a tank and a low level setpoint may turn off the pump to prevent pump
damage. In these cases, the trip setpoint is given by:

NTSP = NPL*(CU + Margin) Egn. 7.1-12
where,
NTSP = Trip setpoint
NPL = Normal process limit
Cu = Trip setpoint uncertainty (the channel uncertainty through the bistable)
Margin = Amount chosen by the user, if desired, for conservatism

(Note that when the trip setpoint is very close to the
system’s normal operating point, the operating margin may
be very small or zero.)

Adequate Operating Margin (OM) is required between the setpoint and the normal operating
upper or lower limit, as applicable:

OM=NTSP-NUL (Increasing Setpoint)

OM=NLL-NTSP (Decreasing Setpoint)

where,
oM = Operating Margin
NTSP = Trip Setpoint
NUL = Normal Operating Upper Limit
NLL = Normal Operating Lower Limit

5.0 Setpoint Type and Degree of Rigor

The Engineer responsible for the setpoint evaluation should first determine the type of setpoint and
degree of rigor required. Refer to Attachments 7.2 to 7.5 regarding how each site determines the
appropriate amount of rigor to calculations.
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Environment A

Figure 7.1-12-2

Typical Instrument Channel Layout
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All type 1 and Type 2 setpoint calculations should include a Loop Diagram of the instrument channel or if
necessary multiple channel diagrams. The purpose of the diagram is to identify the various modules and
interconnection devices that make up the instrument loop. Figure 7.1-12-2 is a typical process
measurement channel loop diagram. The diagram shown could be used to include the interfaces,
functions, sources of uncertainty, and the instrument module environments. Although Figure 7.1-12-2
shows a flow measurement loop, the layout is generally applicable to the temperature, level, pressure and
other parameter measurements.
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When a calculation for a setpoint that has an Analytical Limit associated with it, is prepared in
accordance with this engineering guide, it will accomplish a rigorous review of the instrument loop layout
and design. Each element of uncertainty, for each module or device (See Figure 7.1-12-2), will be
evaluated in detail and the estimated loop uncertainty will be justified at length. The setpoint will be
carefully established with respect to the process analytical limit and the channel uncertainty. In short, a
calculation prepared in accordance with this engineering guide will be comprehensive and can easily
take an engineer one or more weeks to complete. This level of effort is justified for those calculations
involving reactor and public safety. But, it is not intended that this level of effort be applied to all
calculations, regardless of subject. For example, a toilet float switch should not be evaluated to the
same level of detail as a pressurizer low-pressure setpoint. The level of detail should be commensurate
with the importance of the application. Tables 7.2-1 (PWR) provides guidance regarding how to satisfy
the needs for proper setpoint control while allowing for simpler approaches for less critical applications.
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TABLE 7.2-1

SETPOINT TYPE & DEGREE OF RIGOR REQUIRED (PWR)

Function | QA Category | - (Rigor Level) QA Category M - (Rigor Level) | QA Non-Category -(Rigor Level)
Type (%Probability / %Confidence) (%Probability / %Confidence) | (%Probability / %Confidence)
1 Trip (R1)  (95/95) (R1) _ (95/95) N/A
1 Alarm (R1)  (95/95) (R2) (95/95) N/A
1 Indication | (R1)  (95/95) (R2) (95/75) N/A
2 Trip (R2) (95/75) (R2) _ (95/75) N/A
2 Alarm (R2)  (95/75) (R2)  (95/75) N/A
2 Indication | (R2) (95/75) (R2) (95/75) N/A
3 Trip (R3)  (95/75) (R3)  (95/75) (R4) (Engr. Judgment)
3 Alarm (R3)  (95/75) (R4) (Engr. Judgment) (R4) _ (Engr. Judgment)
3 Indication | (R4) (Engr. Judgment) (R4)  (Engr. Judgment) (R4)  (Engr. Judgment)
4 Trip (R4)  (Engr. Judgment) (R4) _ (Engr. Judgment) (R4)  (Engr. Judgment)
4 Alarm (R4)  (Engr. Judgment) (R4) (Engr. Judgment) (R4)  (Engr. Judgment)
4 Indication | (R4) (Engr. Judgment) (R4) _ (Engr. Judgment) (R4) (Engr. Judgment)
Type Description:

TYPE 1- Include: a) Technical Specification instrument setpoints for Reactor Trip System (RTS) / Reactor Protection System (RPS) or
Engineered Safety Features (Actuation System) and for which Analytical Limits are established in the Design Basis Accident Analysis.

b) RG 1.97 Type A, primary information variables, monitored to permit Operators to take specific controlled actions, for which no automatic
control is provided and are required for safety systems to accomplish their safety functions for design basis accident events. Primary information
is information essential for the direct accomplishment of the specified safety functions; it does not include those variables that are associated
with contingency actions that may aiso be identified in written procedures.

TYPE 2- include: a) Other RG 1.97 Type A information variables, not included in Type 1 or Type B RG 1.97 variabies designated as important to
safety
b) Other Technical Specification identified or FSAR identified instrument setpoints designated as important to safety.

Type3- Includes: Other RG 1.97 Type information variables, Technical Specification or FSAR identified instrument setpoint vaiues not covered
as Type 1 or Type 2 instrument setpoints, and other system related instrument setpoint values which have a direct impact on power generation.

Type 4- Machinery/Equipment protection setpoints and all other setpoint values.

Rigor Level Description:

R1- All elements of uncertainty, both normal and expected accident or abnormal condition, that are identified in this guide must be
evaluated and addressed in an instrument Loop Accuracy and Setpoint Calculation. The setting values and source of record will be
documented in the plant-specific controlied setpoint database or document.

R2- Drift, accuracy, temperature effect process pressure effect, primary element effect, As-Left Tolerance, Measurement &Test
Equipment uncertainty must be included as a minimum, other uncertainty values may be assumed with justification provided in an
Instrument Loop Accuracy and Setpoint Calculation. The setting values and source of record will be documented in the plant-specitic
controlied setpoint database or document.

R3- Engineering judgment, based on previous experience with identical or similar equipment, may be used as justification for the
expected performance and uncertainties associated with expected future performance. An evaluation including only those
uncertainties, which, based on engineering judgment will affect the instrument loop in the performance of its intended function will
need to be considered. The setting values and source of record will be documented in the plant-specific controlied setpoint database
or document.

R4- Assignment of instrument accuracies or setpoints may be based on review of; historical plant data, instrument setpoints provided
by suppliers of skid mounted equipment, instrument setpoints provided by manufacturers of equipment or systems suppliers. This
may be accepted as sufficient documentation with no or minimal additional evaluation or explanation needed. The setting values and
source of record will be documented in the plant-specific controlied setpoint database or document.
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For JAF, the documentation and evaluation requirements for the setpoint are based on the setpoint type
and rigor level as shown in Table 7.3-1. Each module’s uncertainty data should be two sigma (95%)
probability for nuclear safety related applications. Statements as to reasons for not using at least two
sigma data should be provided in the calculation for safety related applications.

If a Type-1 or Type-2 calculation is required, the calculation preparer may refer to the checklist in Table
5.2 to determine issues for consideration when performing the uncertainty and setpoint calcuiation.

Higher levels of rigor can be used as deemed necessary considering the safety and operating
significance of the instrument function.

TABLE 7.3-1
JAF SETPOINT TYPE & DEGREE OF RIGOR REQUIRED
Type Function QA Category | QA Category M QA Category 1i/1ll
(Rigor Level) (Rigor Level) (Rigor Level)

1 Trip (R1) (R1) (R2)

1 Alarm R1) (R2) (R2)

1 Indication (R1) (R2) (R2)

2 Trip (R2) (R2) (R2)

2 Alarm (R2) (R2) (R2)

2 indication (R2) (R2) (R2)

3 Trip (R3) (R3) (R4)

3 Alarm (R3) (R3) (R4)

3 Indication (R4) (R4) (R4)

4 Trip (R4) (R4) (R4)

4 Alarm (R4) (R4) (R4)

4 Indication (R4) (R4) (R4)
Type Description:
TYPE 1 — Setpoints with Technical Specification Allowable Values for Reactor Protection System (RPS) or Engineered
Safety Features.
TYPE 2 — All other setpoints with Technical Specification Allowable Values or FSAR defined setpoints including EOP
setpoints.
TYPE 3 — System related setpoints not covered in Type 1 or Type 2.
TYPE 4 — Component protection setpoints.

Rigor Level Description:

R1- All elements of uncertainty, both normal and accident or abnormal conditions, that are identified in this guide
must be evaluated for the required operating conditions and addressed in the Instrument Loop Accuracy and Setpoint
Calculation as appropriate.

R2- Drift, accuracy, temperature effect, process measurement effect, primary element effect, As-Left Tolerance, and
measurement & test equipment uncertainty should be included as a minimum. Other uncertainty values may be
assumed negligible (See ENN-IC-G-001) in the Instrument Loop Accuracy and Setpoint Calculation or Evaluation.
R3- Engineering judgment, based on previous experience with identical or similar equipment, may be used as
justification for the expected performance and uncertainties associated with expected future performance. Only those
uncertainties, which, based on engineering judgment will affect the instrument loop in the performance of its intended
function will need to be considered.

R4- Assignment of instrument accuracies or setpoints may be based on review of: historical plant data, instrument
setpoints provided by suppliers of skid mounted equipment, instrument setpoints provided by manufacturers of
equipment or systems suppliers. This may be accepted as sufficient documentation with no or minimal additional
evaluation or explanation needed.
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Setpoint Type and Degree of Rigor

The documentation and evaluation requirements for PNPS setpoint/uncertainty analysis are based on the
type and rigor level as shown in Table 7.4-1. Each module’s uncertainty data should meet a 95%
probability unless otherwise justified. Functions can be broadly classified into “Important to Safety” and
“Not Important to Safety”. Instrumentation that supports functions that are “Important to Safety” should be
classified as either Type 1 or Type 2, depending on the rigor needed to gain assurance that the
instrument uncertainty will support the safety function. Instrumentation that supports functions that are
“Not Important to Safety” should be classified as Type 3. The basis for classification should be consistent
with the licensing basis of the facility and should be the result of multidiscipline reviews. Licensing
submittals may be required to implement a graded approach.
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Table 7.4-1
Setpoint Type & Degree of Rigor Required (BWR)
Type Function Rigor
1 o Protects fission product barriers instrument Uncertainty should be applied. Uncertainty
Form part of the primary success path for the prevention or should be calculated in accordance with ISA-567.04.01
mitigation of a design basis accident or transient and ISA-RP67.04.02. All applicable uncertainty
» Achieve and/or maintain safe shutdown of the reactor contributors should be considered. Formal
« Maintain accident or safety analysis initial conditions or documentation of the basis for classification and of the
assumptions calculation should be developed and maintained.
Protect parameters that are risk significant as demonstrated
by operating experience or PRA.
2 The accident or safety analysis methods or assumptions are Instrument Uncertainties should be considered.
conservative enough to easily bound expected uncertainty Uncertainties may be estimated using similarity,
The margin between the setpoint or operating limit and the engineering judgment, and other less rigorous, less
accident or safety analysis limit easily bounds the expected stringent methods, or an uncertainty calculation maybe
uncertainty done. Alternately, a qualitative determination that the
The accident or safety analysis is insensitive to changes in margin is large compared to the instrument uncertainty is
the parameter adequate in lieu of an uncertainty estimate or calculation.
PRA techniques show that the function's failure would not . . o
increase the probability of core damage by more than a Formal documentation of the basis for classification and
predetermined amount of the estimate or calculation or determination should be
developed and maintained. The minimum recommended
documentation for instrument loop functions under this
category shouid inciude the following:

e A description of the instrument loop and it's
required functions

« What makes this particular loop function safety
significant (protects fission product barrier,
mitigates the effects of design basis accidents,
etc.)

e A qualitative or quantitative discussion of the
basis for classification — of the conservatism in
the analyses, the margin in the setpoint limit, or
the insensitivity of the analyses.

3 All indications, interlocks, setpoints, test criteria and action Interlocks, setpoints, test criteria, and action points

points that are not important to safety

Non-safety related, non-safety significant plant control
instrument channels

Instrument channels not included in Technical
Specifications, but used to support operability of Technical
Specification systems (by their exclusion from Technical
Specifications, these systems have already been judged
less important)

Parameters that define Technical Specification modes
(these are nominal values)

Technical Specification Surveillance Requirements that
verify the rate of change of a parameter

should be chosen by engineering judgment, with margins
for instrument uncertainties included. Indication should
be understood to be nominal values.

Where there is no question regarding the safety
significance of the instrument loop function classification,
the basis for classification and the estimate of instrument
uncertainty do not need to be formally documented.
Documentation of this type is recommended if there is a
possibility that the instrument loop classification or
uncertainty estimate could come into question. This
documentation should include:
e A description of the instrument loop and it’s
required functions
e A qualitative or quantitative discussion of the
basis for classification — why this particular loop
function is non safety significant
« A qualitative or quantitative estimate of the
instrument loop’s uncertainty
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Setpoint Classifications:

Setpoint classifications recognize that not all setpoint & uncertainty analysis requires the same level of
rigor. As such, the VY Setpoint Program consists of a graded approach to the application of uncertainty.
A Screening Criteria, included in Attachment 1, was developed to evaluate the need for uncertainty
determination based on calculation / analysis. This graded approach is consistent with the industry
approach to uncertainty. Where the Screening Criteria evaluation determines that analysis is required,
the Vermont Yankee Setpoint & Design Guide addresses the criteria, which should be applied for different
setpoint classes and also provides examples for the different classifications. It is critical that the analysis
is performed applying the appropriate criteria. An instrument loop performing multiple functions can have
associated with it more than one setpoint class. In those cases, the requirements of the highest setpoint
class would apply and, where appropriate, a specific analysis can be provided for the lower setpoint
functions. The following is a discussion of the four classifications selected for use in the Setpoint
Program (note: the reference to setpoints includes both setpoints and uncertainty analysis).

Class 1 Setpoints: Nuclear Safety Related

These setpoints are associated with emergency reactor shutdown: containment isolation, core cooling,
containment & core heat removal and prevent or mitigate significant releases of radioactive material to
the environment. Class 1 Setpoints will typically have an Analytical Limit and a Limiting Safety System
Setting (LSSS) associated with them. The highest level of rigor is applied. Class 1 setpoints will apply a
95/95 tolerance interval.

Class 2 Setpoints: Parameter Monitoring

Class 2 setpoints are used for instrument loops where application of the screening criteria requires
analysis and typically support Technical Specification values (not LSSS) and RG 1.97 Cat. 1 and some 2
variables. Excess conservatism is undesirable and could prevent or delay the Operator from performing
appropriate actions. Therefore, Class 2 setpoints apply a 95/90 tolerance interval.

Class 3 Setpoints: Safety Related and Important NNS Functions

Class 3 setpoints include alarm functions, Technical Specification limits (no associated analytical limit),
performance monitoring and will typically not require analysis per Screening Criteria application. However,
where required, Class 3 setpoints will be determined applying a 95/75 tolerance interval.

Ciass 4 Setpoints: NNS Functions Not Requiring Detailed Analysis

Setpoints defined as Class 4 include skid mounted instrumentation where the vendor specifies the trip or
where clear process limits are not available. Operator aids, such as alarms, can also be categorized as
Class 4. Analysis will typically not be required per application of the Screening Criteria and Class 4
setpoints can be limited to best estimate or the application of standards other than ISA $67.04.
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Setpoint Program
Calculation/Analysis Screening Criteria

Category

Description

Instrument is used as an input to safety or design basis accident analysis and necessary to meet Limiting Safety
System Settings (LSSS) as described in 10CFR50.36(1)(ii) requirements. Instrument uncertainty is not included
in the safety analysis. Calculation/analysis is required.

Same as Category 1 except that analysis margin includes instrument uncertainty. Calculation/analysis is not
required.

Instrument is used to document compliance with Technical Specification(s) (TS) and is necessary to assure that
a TS Limit, other than a LSSS, is not exceeded but where a risk significant condition could exist.
Calculation/analysis is necessary.

Same as Category 3 in that the instrument is used to document compliance with a Technical Specification but
different in that only a gross or trending only measurement is necessary and a risk significant condition is not
created from lack of quantified measurement uncertainty. Calculation/analysis is not required.

Instrument is used in the In-Service Test (IST) Program. Calcuiation/analysis is required uniess assurance that
instrument uncertainty has no impact is provided. If it is determined that test instrumentation is far more
accurate than required accuracy, then calculation/analysis would not be necessary.

The instrument is used for the Emergency Operating Procedures (EOPs), Severe Accident Guidelines (SAGs)
or beyond design basis events. Calculation/analysis is not required.

The instrument supports a Regulatory Guide (R. G.) 1.97 Type A Category 1 item. Calculation/analysis is not
required.

The instrument supports a R. G. 1.97 Type B, C, D or E Category 1 or 2 item. An evaluation of specific R. G.
1.97 criteria and the instrumentation function/use is required. Calculation/analysis may not be required. For R.
G. 1.97 Category 3 items, calculation/analysis is not required.

The calculation supports Improved Technical Specifications only. Calculation/analysis is not required.

10

Instrument supports Allowable Out-of ~Service Times/Surveillance Test Interval (AOT/STI) surveillance
extension program. Calculation/analysis is required.

11

The instrument performs only an alarming or indication function and is not used to trigger any operator action
and no risk significant condition exists. Calculation/analysis is not required.

12

The instrument is not required by Technical Specifications and only a gross measurement is necessary to
satisfy requirements. Calculation/analysis is not required.








Static pressure effects (SP)

Overpressure effects (OP)

Deadband (DB)

Measuring and test equipment uncertainty (MTE)
Turndown Effect (TD)

indicator reading uncertainty (R)

As-Left Tolerance (ALT)
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TABLE 7.6-1
CHANNEL UNCERTAINTY CALCULATION CHECKLIST
Task Completed?
Yes No N/A
Diagram instrument channel. [] | O
Identify functional requirements, including actuations, any EOP setpoint requirement. Ol | ]
Identify operating times for functions. O | |
Identify environment associated with functions during defined operating times. | O O
identify limiting environment and function. O Cl O
Identify process measurement effects (PM) associated with each function. O ] N
Identify biases due to linear approximations of nonlinear functions (RTDs). Determine if
The biases are of concern over the region of interest for the setpoint. O O
Identify transfer function for each module with a non-unity gain. O 0
For each module, identify normal environment uncertainty effects, as applicable:
Primary element accuracy (PE) O O
Reference Accuracy (RA) O O
Drift (DR) O 0
Temperature effects (TE) O [
Radiation effects (RE) . O
Power supply effects (PS) O O
| O
O O
0 O
a O
O O
O [
[ O

oooooooooOoooo 0o

For each module, identify harsh environment uncertainty effects, as applicable.
Accident temperature effects (ATE)
Accident radiation effects (RE)
Humidity effects (HE)
Seismic effects (SE)
External Pressurization Effect (EP)
EA (combination of the above)

For electrical penetrations, splices, terminal blocks, or sealing devices in a harsh
environment, determine current leakage or Insulation Resistance effects.

O oOoooood
O oOoooood
O oOoooood

Classify each module and process effect as random or bias. Determine if any of
the random terms are dependent. Combine dependent random terms

algebraically before squaring in the SRSS. |
Combine random effects for each module by SRSS. Add bias effects algebraically
outside the SRSS.

If the instrument channel has a module with non-unity gain, the total uncertainties in the

input signal to the module must be determined, the module transfer function effect on this

uncertainty calculated, and the result combined with the non-unity gain module

and downstream module uncertainties to determine total channel uncertainty. O O O
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