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example calculations and methodology documentation from our program.
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Attachments A and B represent the essential elements of VY's setpoint methodology.
Attachment C is an example calculation demonstrating implementation of the setpoint
methodology. An additional example calculation demonstrating application of drift methodology
will be provided under separate cover, to supplement VY's TS change request (PC-260, BVY 03-
49) involving surveillance frequency of Intermediate Range Monitors.
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PREFACE

This document is intended to support the overall Setpoint Program at the Vermont Yankee Nuclear
Power Station by providing guidance for the preparation of instrument uncertainty and setpoint
calculations. Historical background, implementation, and responsibilities will be contained in the
Setpoint Program Manual.

This design guide is written for a diverse group of potential users, which include:
(1) Preparers or reviewers of both nuclear safety-related and non-safety related setpoint calculations,
(2) Potential auditors of the Setpoint Program,
(3) Preparers of instrument calibration and testing procedures.

Since not all information in this guide will be of interest to all users, the following "road map" is
provided to help the user quickly find the information he or she may require.

• Specialized terms are defined in section 5., "Definitions and Abbreviations."

* Cross-references to documents listed in section 6., "General References," are shown as [Ref x.xx],
where x.xx is the paragraph number. References to other sections of this guide are shown as
[Sec. x.xx] or "see Appendix X."

* This guide employs a "graded" approach to the evaluation of uncertainty and the development of
setpoints or operator decision points. The degree of rigor and the conservatism of the calculation are
based upon the safety significance of the instrument function. The classification scheme is
introduced in section 2., "Scope", the effect on uncertainty calculations discussed in section,
"Module Uncertainty," as well as under each uncertainty element, guidance for classifying particular
functions is provided in section, "Setpoint Classification," and the specifics of setpoint calculations
for each classification are covered in section, "Setpoint Determination."

* Section 3., "Uncertainty Evaluation," begins with a general discussion of how uncertainty is
calculated, covers evaluation of specific elements of uncertainty from vendor and testing data, then
shows how these elements may be combined, first for individual modules, and then entire loops.

• Section 4., "Setpoints and Decision Points," begins with the different bases for each type of setpoint,
shows how loop uncertainty is used to find the nominal setpoint and Allowable Value as appropriate,
includes the evaluation of the calculated setpoint against the estimated operating limitations and
concludes with a discussion of the content of a setpoint calculation and general design
considerations.

* Topics which apply to only a few calculations have been placed in the appendices. Related
information in an appendix will be noted in the text. Appendix A, "Graded Approach to the
Determination of Instrument Channel Accuracy," defines the graded approach used for calculations
and Appendix B, "Recommended Calculation Format," shows a recommended shell for a setpoint
calculation.
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1. INTRODUCTION

This design guide establishes a methodology for the preparation of instrument loop uncertainty
and setpoint calculations. A systematic method of identifying and combining instrument
uncertainties is necessary to ensure that adequate margin has been provided to protection limits
as well as normal operations. The methodology is based on the industry standard ANSI/ISA
S67.04 Part 1-1994, "Setpoints for Nuclear Safety-Related Instrumentation" [Ref. 6.4].

Instrument setpoints associated with nuclear safety-related (NSR) functions are generally based
on established safety or analytical limits, while setpoints associated with a non-nuclear safety-
related (NNS) function will frequently be based upon estimated operating limits. NSR and NNS
are categories used in this design guide to denote the classification of the function that a
particular channel or loop performs. This guide complies with the intent of ISA RP67.04 Part
11-1994 [Ref. 6.5] with respect to NSR setpoints. Where appropriate, clarifications of the
standard as it applies to Vermont Yankee will be provided; however it is not the intent of this
guide to replicate the material in the recommended practice. Anyone using this guide to prepare
NSR calculations should also be familiar with ISA S67.04 Part I and ISA-RP67.04 Part II .

This design guide provides an appropriate degree of rigor in the method by which a setpoint is
determined. The intent is to provide a format for combining uncertainties caused by process
variations with those due to the instrumentation to ensure that there is adequate margin for the
given plant parameter. This provides a consistent criterion for assessing the magnitude of
uncertainties associated with each component, thereby ensuring plant safety and adequate
operating margin.

Instrument uncertainty is of interest for purposes other than setpoint determination. Operators
use parameter indications (e.g. indicators and recorders) to monitor plant performance. This
monitoring function supports surveillance activities as well as supporting the operators in the use
of the emergency operating procedures (EOPs). Specific monitoring systems are relied upon
post-accident and must be evaluated for uncertainty under those conditions.

This design guide will be applied to the determination of setpoints applicable to both Vermont
Yankee's existing Technical Specifications and the yet to be implemented Improved Technical
Specifications.

It is expected that as the Setpoint Program evolves this guide will be revised.
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2. SCOPE

This design guide applies to the determination of instrument uncertainties and setpoints, as well
as the evaluation of EOP decision points. These include any of the instrumentation used in NSR
channels, other TS required loops, post-accident monitoring channels, and NNS/BOP setpoints
and indication loops at Vermont Yankee, for example:

Temperature, flow, conductivity, and radiation detector elements;

Temperature, pressure, flow, level, and conductivity transmitters and switches;

Signal conditioners, discriminators, converters, and analog isolators;

Alarm switches, bistables, and trip units;

Display meters, panel indicators, and recorders;

Time delay relays, counters, rate meters, totalizers, summers, characterizers, and function
modules;

* Analog to Digital Converter (ADC) and Digital to Analog Converter (DAC) devices.

This design guide does not currently apply to setpoints for control loop controllers,
motor-operated valve (MOV) torque switches, snubbers, transformer tap settings, mechanical
limit switches, or mechanical relief valves. MOV requirements are addressed in the Vermont
Yankee Motor Operated Valve Program Manual [Ref 6.23]. Response times associated with
setpoint initiation and actuation of nuclear safety-related devices are separately addressed in
VYC-264, "Safety Class Instrument Accuracy Review: Instrumentation and Logic Circuit Time
Response" [Ref. 6.31].

2.1. Setpoint Classes

The methods described in this guide are intended to apply to the entire range of protective
setpoints, and to a limited extent to control setpoints, applicable to Vermont Yankee.
Differences in instrument functions are recognized and accounted for by the degree of
rigor required in the methodology employed to arrive at the instrument uncertainty and
final setpoint. The Vermont Yankee graded methodology classifies instrument setpoints
into four levels. These correspond to a "level of confidence" that the setpoint will
perform its function with respect to a limit or other limiting criteria. These levels range
from Class 1, which provides the highest confidence, to Class 4, which may only
document engineering judgment.

The following sections identify instrument channel functions and the minimum level of
confidence and proportion used when determining instrument loop accuracy. Those



Vermont Yankee Revision 2
INSTRUMENT UNCERTAINTY Appendix D
AND SETPOINTS DESIGN GUIDE Page 3 of 79

individuals preparing and reviewing instrument loop accuracy calculations may choose to
perform a particular instrument loop accuracy calculation using a higher level of
confidence. The basis for this decision shall be fully documented in the instrument loop
accuracy calculation.

It is not the intent of this standard to identify every instrument function encountered in a
nuclear station. The following sections should provide sufficient guidance for selecting
the appropriate confidence level for those instrument functions not explicitly identified.
Care should be taken to ensure that the function of the setpoint, or use of the uncertainty
is clearly identified and that the instrument loop accuracy is determined consistent with
the following levels.

2.1.1. Class 1: Nuclear Safety Related

RG-1.105, ISA S67.04 Part I, and ISA-RP67.04 Part II are all concerned with setpoints
for nuclear safety-related instrumentation, which are defined as follows:

"That which is essential to the following:

a) Provide emergency reactor shutdown
b) Provide containment isolation
c) Provide reactor core cooling
d) Provide for containment or reactor heat removal
e) Prevent or mitigate a significant release of radioactive material to the

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

The design guide is predicated on this definition which is taken from ISA-
RP67.04 Part II [Ref 6.5].

Nuclear safety related trips (e.g. Low Low Reactor Water Level) and initial
process conditions assumed in the accident and transient analysis (e.g. Torus
Water Temperature) are considered Class 1. Class 1 instrument functions are
those that are required to fulfill the safety functions or support systems
important to safety described in the Vermont Yankee Engineering Design
Basis Manual [Ref. 6.26]. Those instrumentation functions and loops are
generally found in the FSAR tables identified in Section 2.3 below, however
the specific list of setpoints and functions for each class will be contained in
the Setpoint Program Manual.

Attachment A provides the application of Rigor for Class 1 setpoints and
uncertainty calculations.
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2.1.2. Class 2: Parameter Monitoring Important to Safety

This level will include those setpoints that:

1) Ensure compliance with Technical Specification but are not Class 1
setpoints.

2) Provide setpoints or limits associated with RG 1.97, category 1 and 2
variables.

3) Provide essential setpoints or limits associated with station emergency
operating procedure (EOP) requirements.

The RG 1.97 category 1 and 2 variables are included in Class 2 since they: 1)
provide the primary information required to permit the control room operator to
take specific manually controlled actions for which no automatic control is
provided and that are required for safety systems to accomplish their safety
functions for design basis accident events, and 2) provide the operator with
information that is essential to ensuring safety related post-accident functions
are occurring.

Class 2 instrument loops are typically associated with those setpoints that
provide the station operator with specific action values or limits used to verify
plant status. This includes instrument loops that provide an indication of
acceptable performance for structures, systems and components in the Technical
Specifications.

Setpoints or limits contained in station EOPs that are RG 1.97 category 1 and 2
variables, or setpoints that provide specific action values are included in Class
2. Other EOP setpoints may be either Class 2 or 3 depending on their function.

This class includes instruments qualified under the Vermont Yankee
Environmental Qualification (EQ) Program [Ref. 6.21] for harsh environments,
as well as NSR and NNS instruments which do not require qualification for
harsh environments.

Attachment A provides the application of Rigor for Class 2 setpoints and
uncertainty calculations.

2.1.3. Class 3: NNS Functions Requiring Detailed Analysis

This Class will include those setpoints that:

1) Provide setpoints or limits associated with RG 1.97, category 3 variables.
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2) Provide setpoints or limits associated with other regulatory requirements
or operating commitments, e.g. OSHA, EPA, etc.

3) Provide setpoints or limits that are clearly associated with personnel safety
or equipment protection.

The RG 1.97, category 3 variables are associated with contingency actions and
may be included in EOPs or other written procedures.

Classification of EOP setpoints as Class 3 shall be approved by the station EOP
coordinator or other individual designated by the station operations department.

Attachment A provides the application of Rigor for Class 3 setpoints and
uncertainty calculations.

2.1.4. Class 4: NNS Functions Not Requiring Detailed Analysis

This Class will include those setpoints that:

1) Provide setpoints or limits not identified with the requirements in Class 1, 2 or
3 above.

2) Require documentation of engineering judgment, industry or station
experience, or other methods that have been used to set or identify an
operating limit.

Class 4 shall provide documentation of all non-Vermont Yankee methodologies
used to establish instrument loop accuracies or instrument setpoints.

2.2 Site-Specific Criteria

Safety-related calculations prepared in accordance with this guide shall satisfy the
requirements of WE-103, "Engineering Calculations and Analyses" [Ref. 6.12], Project
Procedure VYDEP-15, "Calculations," AP-0017, "Calculations and Analyses"
[Ref. 6.13], and Vermont Yankee Procedure AP-0022, "Setpoint Change Requests"
(Ref. 6.14]. Non-safety related calculations should also be prepared in accordance with

WE-103 or approved Vermont Yankee plant procedures and VYDEP-15.
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2.3 Regulatory and Standards Commitments

From the Vermont Yankee Final Safety Analysis Report (FSAR) Section 7.2.2, Safety
Design Bases (7.c.):

"The system shall be designed for a high probability that when any monitored
variable exceeds the scram setpoint, the event shall result in an automatic scram
and shall not impair the ability of the system to scram as other monitored
variables exceed their scram setpoints."

From FSAR Section 7.2.4, Safety Evaluation:

"Because the Reactor Protection System meets the precision requirements of
Safety Design Bases 1, 2, and 3 using instruments with the characteristics
described in Table 7.2.1, it is concluded that Safety Design Basis 5 is met."
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2.3.1 Vermont Yankee Commitment Tracking System

(a) AUDITRPT9207EEC 1: Develop VERMONT YANKEE position
for SSCA 0878 defining setpoint methodology and setpoint design
basis.

(b) INF96022_01: Revise setpoint program to specify M&TE
acceptable for given surveillance calibration. Modify surveillance
test and/or calibration procedures to incorporate M&TE specified
by the calculations.

(c) INS941601: Reevaluation of the surveillance setpoint tracking
program to ensure compliance with NRC bulletin 90-01,
Supplement 1.

(d) MOOID9207MGTI: Develop setpoint philosophy document to
ensure that setpoint issues are consistently addressed.

(e) OE7795: Humidity effects on setpoint drift in Barksdale BIT and
B2T pressure switches at Duane Arnold.

These and parts of other commitments will be addressed by this design guide
and other parts of the Inproved Setpoint Program.

2.3.2 Surveillance Extension

As part of the Vermont Yankee effort to extend surveillance test intervals (i.e.
from monthly to quarterly), a commitment was made to the NRC to document
the plant specific drift and reliability of the affected instrumentation and submit
an amendment to the Technical Specifications [Ref. 45]. This design guide will
provide a methodology to evaluate and document the setpoint changes as a
result of the required drift studies.

2.3.3 Regulatory Guide 1.97

The Vermont Yankee RG 1.97 commitments are summarized in "Guidance &
Methodology Associated with Vermont Yankee's Regulatory Guide 1.97
Program Commitments [Ref. 6.22]. This document identifies those instruments,
ranges and design features required to satisfy RG 1.97. The methodology
discussed in the Instrument Uncertainty and Setpoint Design Guide addresses
those requirements.

2.3.4 Custom Technical Specifications (CTS)
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CTS criteria apply until Improved Technical Specifications (ITS) are
implemented. CTS requirements need to be included, as well as any formal
Technical Specification interpretations and clarifications provided in "VY
Clarification Document".

3. UNCERTAINTY EVALUATION

All instrumentation exhibits some error from the true value of the measured parameter, however,
that error may not be known exactly. The limits of that error may however be evaluated
statistically. Uncertainty is the term used to describe the distribution of errors and the numerical
limits of error which are "most likely" [Sec. 3]. See Attachment F: "Statistical Considerations",
for further detail.

Instrument accuracy and uncertainty are terms that are often misunderstood and misused.
Accuracy is the closeness of agreement between a recognized standard or ideal value and the
result of a measurement [Sec. 3]. Often, this is quantitatively expressed as error or inaccuracy.
Unfortunately, the value of error for any one measurement is not knowable, all that can be
known is an estimate of the range of values of likely error [Ref 6.8 ]. Accuracy will be used in
this guide as synonymous with reference accuracy.

The principal application of uncertainty covered by this design guide applies to the evaluation of
families of similar instruments to establish limits of error over an extended calibration cycle and
a wide range of conditions, as is typical of the installed process instruments at Vermont Yankee.
This view of uncertainty is central to the setpoint methodology described in this design guide.
Rather than being dependent upon the behavior of a specific instrument or loop the resulting
setpoints may be expected to be valid for any similar model of instrumentation, for similar
conditions and test intervals.

An important feature of the setpoint program at Vermont Yankee is the collection and analysis of
plant instrument drift data. This guide provides direction for interpreting the results of this type
of analysis to develop appropriate uncertainties, testing limits, and setpoints for instrument loops
likely to be found at Vermont Yankee.

3.1 Types of Uncertainties - Random and Bias

There are two basic categories of errors described by this guide-random (R) and bias (B).
The total error (u) of a particular measurement (k) can be expressed as a sum of these two
types of errors.

Uk = Bk + Rk

Bias errors and normally distributed random errors are illustrated in Figure 1, "Bias and
Normally Distributed Random Uncertainties."
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Measurement Vakle

Figure 1: Bias and Normally Distributed Random Uncertainties

Bias errors (also called systematic errors) show a repeatable pattern to the errors [Sec. 3].
With only bias errors, the difference between the "true" value and the measured value is
consistent and theoretically predictable. Also treated as biases are those effects that are
not predictable, but are likely to assume values near known limits.

Random errors can vary both in sign and magnitude for each measurement [Sec. 3].
Random errors cannot be predicted exactly but can be estimated by a distribution
function. As generally used in this design guide, random terms are those which have an
equal possibility of deviating from the norm in a positive or negative direction (e.g., i),
and are approximately normally distributed; however, guidance is also provided in
Attachment G: "Abnormal and Uniform Uncertainty Distributions," for those
distributions which are not "covered" by the normal, bell shaped distribution.

Sign Convention: Throughout this guide a positive uncertainty implies that the "sensed"
output is greater than the actual process condition, as is the case with a signal-developing
instrument and associated loop. However, the signal convention for field devices (e.g.
pressure switches) may be reversed where the uncertainty is a shift of setpoint rather than
a shift of ideal signal output.
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3.2 Evaluation of Randomness

The uncertainty behavior of an instrument for a given effect may be random or bias. If
the effect is random, then the characteristics of a group of instruments will also be
random. Commonly, an individual instrument may show a systematic or bias error for a
given effect. Other similar instruments (e.g., same model number) may also individually
exhibit bias behavior. However, as a group, the sign of the individual instrument errors is
equally likely to be positive as negative and the possibility of a positive error of a given
magnitude is as likely as a negative error of equal magnitude. This satisfies the concept
of a symmetric random distribution. This kind of effect is considered as random
independent, since the installation of any particular device is random. This allows us to
use the Square-Root-Sum-of-Squares (SRSS) to evaluate overall uncertainty and to apply
that uncertainty symmetrically to a particular point of interest (e.g., a process limit or
setpoint). Obviously, if individual devices have random characteristics, then the
characteristics of the group of instruments will also be random. However, even if
individual devices have non-random characteristics, the characteristics of the group of
instruments may also be random. Random in these discussions assumes a normal
distribution.

Also, most devices (within a family of similar devices) will exhibit little error, with a few
having larger errors. This in a general way implies a normal distribution. Use of a
normal distribution allows relating two standard deviations to a 95% confidence interval.

In some cases, the likelihood that one member of the group may exhibit a large error is on
the same order as the likelihood of a small error, although the distribution is still random,
it does not have the same coverage as the normal distribution. In those cases, this guide
will apply the mathematical rules of a uniform or rectangular distribution, which are
based upon the fact that in such a distribution the possibility of all errors within the range
of the distribution are equally likely [Attachment G].

For this design guide, determination of whether a given type of uncertainty or effect is
random or biased is based upon the characteristics of a group of similar instruments (e.g.,
same model), rather than of a single installed instrument (which may be replaced some
time later).

Care must be exercised in relying on vendor supplied test results to determine whether an
uncertainty is random or bias. Although most vendors specify nearly all of their
instrument performance specifications as "'E, there is often insufficient data available to
support classifying the uncertainty as random. In some cases, an examination of the
actual test results will reveal that the '"' specification refers to an arbitrary limit of error
rather than a statistical distribution.
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Summary

If available, testing data should be evaluated statistically to determine randomness.

If no data are available, then try to obtain a statement from the vendor characterizing a
specification as random or biased.

If neither testing data or vendor statements are available, follow the assumptions
provided in this guide for specific uncertainty elements.

3.3 Dependency

Dependent errors can exist when there is an interaction between two or more effects.
Those interactions could be intra device (multiple effects acting on one instrument) or
inter-device (an effect causing an interaction between devices). Where errors are truly
random, normally distributed or near normally distributed, there can be no dependency.
Dependency can exist between different parts of the process (i.e. an increase in
temperature can result in a decrease in density for a fluid in a tank and an increase in tank
pressure). Since both the changes are directional and produced by the single temperature
change event these results are dependent. Any analysis performed for density errors must
also include dependent pressure errors. Where there is indication of a non-normal
distribution, for a given error, dependency should be evaluated. Where errors are random
and normally distributed, dependency may be ignored. Using site-specific analyzed drift
would account for any intra device dependencies for testing conditions. For further
information see Attachment F, "Statistical Considerations."

3.4 Methods of Combining Uncertainties

The method presented in this guide for combining uncertainties, while conservative in
nature, is not unnecessarily restrictive with respect to plant operations. This method does
not determine the maximum loop error; rather, it determines the uncertainty that can
reasonably be expected for a given set of conditions. By using a
"Square-Root-Sum-of-the-Squares" (SRSS) relationship, the method recognizes that the
elements of uncertainty are free to vary in both direction and magnitude. This results in
smaller total uncertainty, while maintaining the desired confidence level.

Determination of maximum loop uncertainty on the basis of a "Straight Sum" or
algebraic method would imply that all component errors apply at the same time, at their
maximum values, and all in the same direction (+/-). In other words, the uncertainties
would all be biases. While this method provides almost 100% assurance that the derived
uncertainty is conservative, it is likely that the resulting setpoints would be set too deep
into the normal operating ranges of a parameter.
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The final form of the uncertainty expression is determined by characterizing each element
of uncertainty as one of the following:

(a) Random, Independent
(b) Random, Dependent
(c) Bias

The method presented here is a combination of the algebraic and SRSS methods. The
random elements of uncertainty are combined under the SRSS method, and any bias
uncertainties are added algebraically (straight-sum) to the SRSS result. Any random
dependent elements are added to each other algebraically and then combined with
random independent terms using the SRSS method.

In equation form, the combination of uncertainty elements for a particular module, might
be expressed as follows:

u= Iw +(x+y) + v

Where,
x and y are random, dependent elements
w and (x + y) are random, independent elements
v is a bias element
-u is the total uncertainty for a particular module

The overall uncertainty (U) for a loop consisting of 3 modules (n = 1, 2, 3) would be
found by separately combining the random uncertainties (uRn) of each module using
SRSS and adding the bias terms (uBn) as follows:

u= uRI +URP +Ut3 +U9 1 +UB2 +UB3

3.5 Combining Uncertainties with Different Confidence Interval Levels

This guide generally assumes that random errors are normally distributed. See
Attachment G, "Abnormal and Uniform Uncertainty Distributions," for guidance in using
abnormally distributed uncertainties. For conservatism, it shall be assumed that
published vendor specifications are no better than 95% confidence with 95% proportion
(2a) values unless specific information is available to indicate otherwise.

If there is very strong evidence that a particular error specification represents a higher
confidence level, the individual preparing an uncertainty calculation may adjust that
specification in accordance with guidance provided in Attachment F or the drift analysis
calculations if available. If there is strong evidence that a particular error specification
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represents a low confidence or proportion level, the individual preparing an uncertainty
calculation must adjust that specification also.

3.6 Uncertainty Elements

The elements of instrument uncertainty discussed in this section are typical of effects
which can alter the overall accuracy of an instrument. Other effects or uncertainties may
exist for an instrument (e.g., radiation monitors) which are not covered by this general
list.

The normal manner of handling environmental effects is to consider each effect
separately and then combine the factors as appropriate for random and bias terms. The
sections below deal with the effects of individual environmental factors.

Throughout this section, vendor performance specifications are shown in a form that
applies to most cases. The reader is cautioned that this is not always a valid assumption.
In actuality, the performance specification may take virtually any form (i.e., linear,
exponential, or stepped functions).

Although the preparer of an uncertainty or setpoint calculation is expected to consider
each category of uncertainty addressed in this section, not every uncertainty will be
applicable to every instrument. The preparer shall provide a discussion sufficient to
explain his/her rationale for any uncertainty category that is not included in the
uncertainty calculation.

3.6.1 General Considerations

All random, normally distributed elements of uncertainty are independent of
each other. All other elements of device uncertainty should be evaluate for
independence based on the error cause and effect relationship (see
Attachment F section 4]

* Most instrument uncertainty elements are random. The vendor expressions
are used as limits of error. An individual instrument can have an error
smaller than the published value, and can vary in both sign and magnitude
between instruments. The process measurement and static pressure terms
are usually biases, though in some cases each could be random, abnormally
distributed, and could be treated as a uniform distribution [Attachment G].

m Vendor expressions may or may not be linear. Some terms may be
exponential, quadratic, constants, or step functions. Vendor expressions
which are not linear may not be extrapolated up or down without additional
justification. Contact the vendor when in doubt.
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* For consistency between calculations, all elements of device uncertainty
should be calculated in terms of percent calibrated span (% CS) of the
device. If constant percent of calibrated span is not applicable, percent of
input value (% IV) may be used. Once combined with other elements for a
given module, the preparer may convert the resulting uncertainty to
engineering units (inches level, psig, gpm). For loops containing more than
one instrument it is strongly suggested that units of %CS or %IV be used.

However, where the loop contains non-linear devices the error must be
propagated through the non-linear device based on the specific input and
output signal units at the point of interest. Error values associated with non-
linear devices will not be converted to percent of calibrated span. In any
case, the same units should be used throughout the calculation, converting to
specific signal levels only when necessary (i.e., as found tolerance in mA for
trip units).

For any effect, for which vendor or plant data is not available, a value
estimated by similarity with other instruments, or based upon other
applicable experience should be used, rather than assuming a default of zero.
This should be explained in the assumptions section. As noted in ISA-
RP67.04 Part II, the absence of a rating does not necessarily mean the effect
is negligible.

The guides provided below are the results of extensive experience and
discussion; however, the individual performing the calculation must ensure the
values used for device uncertainty and the manner in which the elements of
device and loop uncertainty are combined are consistent with the
instrumentation as installed.

3.6.2 Reference Accuracy (A)

Reference accuracy is a performance specification to which the instrument is
tested during calibration [Sec. 3]. Instrument manufacturers often disagree on
the terms used to describe an instrument's advertised accuracy. For the purpose
of this method, accuracy shall include the combined effects of hysteresis,
linearity, deadband, and repeatability.

Inclusion of any terms missing from the vendor's stated accuracy should be as
follows:

I

A= 4(AX)2 +h 2 +1 2 +r2 +db2
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where,
A = Reference accuracy of instrument
AX = vendor's stated basic accuracy expression
h = Hysteresis
I = linearity
r = repeatability
db = deadband

Determination of the accuracy of flow elements is discussed in Attachment D,
"Flow Loop Scaling and Uncertainties."

3.6.3 Calibration Effect (CE) and Calibration Tolerance (CT)

Accuracy is not usually used alone but combined with other terms to determine
the overall calibration effect (CE). Calibration effect is the overall inaccuracy
introduced into the calibration process due to the procedural allowances given to
the technician during instrument calibration, not including measurement and test
equipment (M&TE) uncertainty. If the as-left calibration tolerance (CD for an
instrument is larger than the vendor stated accuracy of the device, then the
vendor's stated accuracy cannot be verified by calibration. For this reason, the
accuracy is effectively limited by the calibration tolerance since that is the limit
on how well the instrument can be shown to perform. As part of calculations
prepared using this guide, the appropriate calibration tolerance shall be
determined. Preferably the calibration tolerance should be equal to the
reference accuracy. Whether or not the existing calibration tolerance is
appropriate, CT shall be stated in the calculation requirement section.

Per the ISA Recommended Practice (Ref. 6.5), various approaches may be
taken to account for calibration effect, depending on the calibration techniques
implemented in the field. For the purpose of this Design Guide:

A. Analog Loop Components

CE=CT+A,

Where: A is taken as a dependent term when, during calibration testing, less than a full
traverse is performed.

B. Bistables/Switches

CE = CT + A,
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Where: A is taken as a dependent term when, during calibration testing, actuation is only
tested once.

C. Full Traverse/Multiple Actuations

CE = CT,

Where: analog loop component testing uses full traverses and bistables/switches are
tested with multiple actuations.

D. Exception

CE = CT,

Where: for a single point device (i.e. bistables/switches/time delays relays) used in a
single direction, where repeatability is the primary contributor to A, and where drift
analysis has been performed, determine if the value for analyzed drift is within expected
performance characteristics. To simplify verification within performance characteristics,
combine (via SRSS) the vendors published accuracy (or the current calibration tolerance
if larger), the vendors stated drift term, and the M&TE terms. This value will be
compared to the plant specific drift. Plant specific drift must be less than the expected
performance,

IF DA < (A2 + DR2 + M&TE2 )' THEN CE = CT
F DA 2 (A2 + DR2 + M&TE2 )A THEN CE = CT + A

For Class 2 and 3 setpoints the confidence interval may be reduced based on the nature of
the function being analyzed. Since the effect of reducing the confidence interval is to
reduce the value of the error used, the associated acceptance band for the instrument
calibration or setting tolerance can not be also reduced. Reduction of the tolerances
would in effect require a more precise calibration where the calculation justifies relaxing
the calibration requirements. The following multipliers are used to define the confidence
interval and can be used to convert from one confidence interval value to another.

Confidence Interval Factors for One
and Two Sided Uncertainties

Proportion I Single-Sided I Two-Sided

75% 0.68 - 1.15
90% [ 1.29 1.65
95% 1.65 1.96
99% [ 2.33 2.58
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Example: Given a calibration tolerance value of 0.25% of span assumed to be three sigma (99 %
confidence interval) convert to a 75% confidence interval value. Since three sigma is
approximately a 99% value the following calculation is used:

0.25% * 1.15/2.58 = 0.11 14% of span equivalent error.

However, using the reduced confidence interval values complicates the
evaluation of analyzed drift discussed above. The confidence interval
reduction factor is not used as a multiplier to determine the as left, as
found or M&TE associated with the calibration. The same values used for
the 99% confidence interval would be used. The reduction in confidence
interval does not require smaller values for calibration tolerance or M&TE
errors.

The M&TE, Calibration Tolerance, and Analyzed Drift comparisons
discussed above should use the Reference Accuracy, Vendor Drift
allowance (or applicable assumption) and the M&TE value determined for
95% confidence interval. The analyzed drift term for 95 % tolerance
interval should be compared to these values to determine if performance is
within expected limits. Since the reduction of drift and the reduction of
the other terms is by a simple ratio, if the 95% confidence interval values
indicate acceptable performance the 75% confidence interval values will
also indicate acceptable performance.

Table 1: Standard Calibration Tolerances
Input Output

Instrument Type Tolerance Tolerance Calibration Units
Rosemount Pressure Transmitters +0.25% CS ±0.04 mA (4-2OmA span)
(1151, 1152, 1153) 4-20 mA output
GEMAC Type 551, 552 Transmitters +0.5% CS +0.2 mA (l-SOmA span)
GEMAC Type 555 Transmitters +.4O CS ±0.16 mA (I0-5OmA span)
Rosemount mA Master Trip Units (510, +0.20% CS - +0.03 mA (4-2OmA span)
710)
RTD Master Trip Units (710) +0.80% CS :40.13 mA (4-2OmA span)
Rosemount mA Slave Trip Units (510, ±0.25% CS - +0.04 mA (4-20mA span)
710)
RTD Slave Trip Units (710) +0.90% CS _ _ 0.14 mA (4-20OmA span)
GE/Westinghouse Type 180 Indicators - +2.0% CS
Sigma/International Type 1151 +2.0% CS -

Indicators
Static-O-Ring Pressure Switches +1.0% URL' -

X URL = upper range limit, which for switches refers to the maximum setting.
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3.6.4 Readability Uncertainty (RD)

Readability is the ability of the user to determine the markings on a device.
Readability is limited to the number of markings on a device and the operators
ability to distinguish between the marks. Analog indicator or recorder
readability is generally half of a minor division. Analog indicator or recorder
readability uncertainty is generally one quarter of a minor division.

3.6.5 M&TE Uncertainty (MTE)

M&TE uncertainty is the inaccuracy introduced into 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 M&TE
uncertainty and the third is assumed to be included in the conservatism of the
accuracy.

All (100%) of test equipment is certified to pass the calibration requirements,
not just 95%, the common confidence interval used for uncertainty calculations.
Discussions with vendors have shown 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 M&TE. Further the standards used to
calibrate the M&TE are generally rated 10:1 better than the equipment being
calibrated (Ref. 6.15, Ref. 6.16]. The published accuracy of the M&TE should
not be included with the accuracy of the test equipment calibration process since
M&TE divided by 10 is negligible in relation to other uncertainties.

Note: where the 10:1 ratio is not achievable for the calibration standards,
the accuracy of the calibration standard should be included in the overall
M&TE accuracy.

Since M&TE is certified before and after use at several data points (i.e. 100 %
verification) M&TE error may be considered a 3 sigma value. This 3-sigma
value may then be reduced to 2 sigma for the calculation. The uncertainty of
the measurement and test equipment used for calibration affects the overall
accuracy of an instrument loop. The uncertainty included should be
representative of the way calibrations are performed by site personnel, or of an
assumed method which is clearly stated as one of the requirements for the
calculation to be valid.

If loop calibrations are not performed, then total loop uncertainty includes
M&TE for each instrument. If loop calibrations are performed, the total loop
uncertainty would include only the input and output M&TE for the loop test.
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The M&TE uncertainty for a single test instrument is the SRSS combination of
the accuracy, readability, and temperature effect. Usually more than one test
instrument is involved in the calibration of a process transmitter or signal
converter. The uncertainty of the test instrument should be applied to the
process instrument to which it provides input, or from which it measures output.
When multiple test instruments are used for a given process instrument, the
accuracy and temperature effect of each test instrument should be combined
using SRSS.

m= A 2 m +RD2 m+TE2 m Cm

CS

MTE i= ml +m2

where,
Am = accuracy of test instrument in percent of span of the test instrument

(including hysteresis, linearity, repeatability and deadband).
RDm = readability of test instrument in percent of span of the test instrument
TEr = temperature effect on the test instrument in percent of span of the test

instrument
CSm = calibrated span of the test instrument
CS = calibrated span of process instrument being tested
ml, m2 = uncertainty of 1st and 2ndtest instrument in percent calibrated span of

the process instrument
MTE = M&TE uncertainty in percent of calibrated span of the instrument

being tested

The temperature effect on the test instrument may be calculated using: (1 the
difference between the test temperature and the temperature at which the test
instrument was calibrated or, (2 the difference between the temperature at which
the M&TE will be used and the limits of a rating band within which the basic
accuracy applies. Consult the M&TE specifications to see which applies.

Generally the MTE allowance is an output requirement of the uncertainty or
setpoint calculation, which is to be imposed upon the testing procedure to
ensure that a minimum accuracy is met. To avoid imposing requirements that
can not be met, the calculation preparer shall verify that the specified
uncertainty can be met by available equipment. VYC-1758 (Ref. 6.46)
calculates the accuracy for most common M&TE available. This calculation
should be used as the primary reference for M&TE accuracy. The values in
VYC-1758 should be considered as 3 sigma.
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Accuracies for other parameters, such as pressure, are typically based on
requiring that the SRSS of all M&TE used to calibrate a process instrument be
at least as accurate as that instrument.

For example, if a pressure transmitter has a rated accuracy of ±0.25% CS. The
combined uncertainty of the input pressure gauge and the output current
measurement (2 sigma values) should then be no greater than the same ±0.25%
CS. The accuracy of the current measurement is ±0.127% CS (±0.0203 mA
over a 4-20 mA span). The minimum accuracy of the pressure measurement
can be determined by solving the following equation for x:

±0.25= TO.1272 +X2

x2=0.252 -0.1272 =0.046371
x=0.2153

Solving for x results in a minimum accuracy for the pressure gauge of ±0.215%
CS. This can then be converted into engineering units, for example for a
transmitter with a 0 - 300 psi span, the minimum accuracy would be 0.64 psi.

3.6.6 Analyzed Drift (DA)

Analyzed drift (DA) is the term used here to describe uncertainty values derived
in accordance with the Vermont Yankee Instrument Drift Analysis Design
Guide [Ref. 6.17] to statistically represent the change in instrument uncertainty
from one calibration to the next. Each data point, in addition to drift (DR),
includes the influence from M&TE errors (MTE, Sec. 3.6.5), personnel errors,
errors caused by misapplication of the instrument or other cumulative operating
effects. True drift (DR, Sec. 3.6.7) is only that uncertainty which cannot be
attributed to other influences beside the passage of time. Where plant specific
drift has not been determined Section 3.6.7 provides guidance on using vendor
or assumed drift values.

The overall analyzed drift tends to account for Reference Accuracy (A), M&TE,
and for normal environmental effects, including temperature (TEA, Sec. 3.6.8),
radiation (RE, Sec.3.6.1 1), power supply voltage variations, assuming that the
power supply is not calibrated prior to device calibration (VE, Sec. 3.6.14),
humidity (HE, Sec. 3.6.10), and barometric pressure (PB, Sec. 3.6.9). The
calculation preparer does need to account for any difference between normal
and applicable accident conditions.

Since both the as-found and as-left measurements include any M&TE error, any
random error in these measurements will be reflected in the analyzed drift term.
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Since the present testing method only involves increasing signal levels, dead
band is not reflected in analyzed drift, however readability is generally included
for indicators and recorders, since the technician must read off the output value
from the instrument under test.

The analyzed drift does not include process effects that are not within the scope
of the calibration procedure. Nor does it usually include effects of conditions
that are not present during the calibration process such as equipment vibration,
if the source of vibration is shut down. However for instruments in radiation
zones, the normal effect of radiation is cumulative and is typically reflected in
the calibration data.

Analyzed drift is reported as a 95/95 confidence and proportion, along with the
sample mean, sample standard deviation and the number of data samples
analyzed. For Class 1 setpoints or decision points, the 95/95 confidence and
proportion shall be used as the DA term. For Class 2 and 3 functions, the
proportion may be reduced while maintaining the confidence. The proportion
may be reduced to 90 percent for Class 2 functions (95/90). For Class 3
functions, the proportion may be reduced to 75 percent (95m5).

A detailed summary is provided in each drift calculation describing the results
of the analysis. Included in the summary are discussions on time dependency,
distribution (normal or not normal), etc. In addition, data is provided which
specifies the statistical results of the drift analysis associated with Kurtosis,
mean, standard deviation, and the TIF used. Analyzed drift values for various
probabilities may be calculated based on the drift analysis.

The summary provided in the associated drift analysis should be included (all or
in part) within the setpoint calculation as well as any other portion or the drift
calculation which provides an input to the setpoint calculation. Guidance is
provided in Attachment F. The determination of time dependence, in the drift
analysis, will be used as the basis for extending the drift value for a longer time
interval.

The drift analysis evaluates the change in instrument output for a given input
over the normal instrument calibration cycle (based on the average time
between calibrations). The drift analysis may indicate that there is no
relationship between the magnitude of drift and time, some relationship between
magnitude and time or a strong relationship between magnitude and time. If the
desired calibration cycle does not match the analyzed drift cycle, it will be
necessary to expand the analyzed drift value. The determination of this
relationship between magnitude and time will indicate the method of expanding
the drift value.
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Where it can be proven that there is no relationship between time and drift
magnitude, the calculated drift may be used for any time period. However,
extension of the calibration interval may also require that the instruments be
evaluated for other time based failure mechanisms:

DA my tie inteni = DA,,jyi

Where there is indication of a relationship between magnitude and time, it is
necessary to increase the drift value to ensure that the increased time interval
does not result in drift values in excess of predicted. If the drift analysis
determines that slight time dependence exists (bounded by a non-linear
extrapolation), a non-linear extrapolation of the drift value is used to determine
drift for the interval of interest.

As an example if the device is currently calibrated on a monthly bases and the
drift analysis determines a value for drift, and determines a mild dependence
between drift magnitude and time. The drift value will be expanded based on
the equation:

DAQ.d = (114/38 x DA2MonfP
DAIpy (random) = (114/38 x 2.1242)0.5 = (3 x 4.51138)0.5 = 3.679%

If the drift analysis determines that strong time dependence exists (bounded by a
linear extrapolation), a linear extrapolation of the drift value is used to
determine drift for the interval of interest.

As an example if the device is currently calibrated on a monthly bases and the
drift analysis determines a value for drift, and determines a strong dependence
between drift magnitude and time. The drift value will be expanded based on
the equation:

DAQ 1n~iy =114/38 x DAmot*
DAQwa=tjy(random) = 114/38 x 2.124 = 3 x 2.124 = 6.372%
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Summary

(a) Drift values derived from plant testing data in accordance with the Drift
Analysis Design Guide [Ref. 6.17] are assumed to include the following
effects for normal conditions:

• Drift (DR)
* Temperature Effect (TEz ,(20 0F calibration temperature range)
* Readability (RD)
• M&TE Uncertainty (MTE)
* Barometric Pressure Effect (PB)
* Power Supply Voltage Effect (VE)(assuming no calibration of the power supply)
* Humidity Effect (HE)
* Radiation Effect (RE)

(b) Accident or post-accident effects do not take credit for any environmental
effects already included in analyzed drift, unless the conditions are shown
to be the same as normal.

c) Class 1 calculations shall use 95/95 tolerance intervals for DA. Class 2
calculations may use 95/90 tolerance intervals and Class 3 calculations
may, under certain conditions, use 95/75 tolerance intervals for DA.

3.6.7 Drift (DR)

The input/output relation for an instrument may change with time. Drift is often
specified by the instrument manufacturer based on testing under laboratory
conditions. The period of drift applied to an instrument for the purpose of this
method is dependent on the calibration period of the instrument. In many cases,
the period for which drift has been specified does not agree with the calibration
period of the instrument. For long test intervals, it is acceptable to assume the
drift is not dependent upon total time, but the vendor specification represents
two standard deviations of a distribution which applies to any time interval
equal to the vendor's specification (td). Where drift is determined to have a
linear relationship with time to adjust drift to match the calibration period of an
instrument, the following equation is then applied:
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Or where drift does not have a linear time to magnitude relationship:

DR=DRX 4:t
xtd

Where,
DR = time dependent drift in percent of calibrated span
DRX = vendor's drift expression in percent of CS
tt = instrument test interval (months) should include 125% of nominal test

interval for technical specification devices.
td = drift interval specified by vendor.
Note: Calibrated span for trip units, bistables, switches, etc., refers to the

input span.

If data is available to justify an alternative expression, drift may be a constant, a
linear function, a step function, an exponential, or a polynomial.

Note: The following elements are associated with conditions that are generally
called environmental influences or environmental effects. For more
information on environmental categories and their relationship to
setpoints, see Section 3.7, "Environmental Influences."

3.6.8 Temperature Effect (TE)

Temperature variation normally affects the uncertainty of an instrument. The
temperature variation of concern is the difference between the temperature of
the device at calibration and the temperature for the environment of interest.
The environment of interest can be the peak temperature during an accident, the
temperature at the next calibration, or the maximum temperature during normal
operations. Because both the calibration temperature and the current
temperature can vary, a bounding temperature difference for each
environmental category is used to simplify the calculation while still providing
the appropriate conservatism.

There are three general temperature categories that need to be considered:
normal, accident and post-accident. The temperatures experienced during
testing may be different from those during full power operations, however at
Vermont Yankee, nearly all instruments may be calibrated at power and due to
the compact plant layout and the design of the HVAC system, the temperature
distribution during normal operations and testing are generally the same. For
non-Class 1 setpoints, the range of normal temperatures may be assumed to be
the range of testing temperatures. A possible exception would be the Turbine
Building, which may be cooler during shut down periods, however in this
instance, the normal range will be extended 1 OF, so the value shown in the
Table below applies to both conditions.
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For Class 1 setpoints, outside the control room a calibration temperature range
of 200F shall be assumed, and any analyzed drift data would be assumed to
account for that variation. For Class I setpoints inside the control room a
calibration temperature range 10F shall be assumed, and any analyzed drift
data would be assumed to account for that variation. These assumptions are
based on the consideration that many plant instruments may be calibrated on-
line and that the plant temperature varies between calibrations. This variation in
plant temperature is captured in the as-found to as-left difference between
calibrations and therefore also in the analyzed drift values. The temperature
effect for Class 1 setpoint calculations which then use analyzed drift (DA) data
would account for the temperature difference between the calibration
temperature range and the normal design temperature range. For instruments
that are removed from service in the plant and shop calibrated or sent off-site
for calibration, no calibration temperature variation may exist or the variation
may be different from these assumed values. The calculation developer must
determine the appropriate calibration temperature variation for these conditions.

Example:

To determine the error associated with an instrument installed in the VY
Reactor Building occupied areas, determine the effective differential
temperature. This effective differential temperature will then be combined with
the vendor's error expression to determine the associated effect. Review Table
2 to determine if the location of instrument installation is defined and captured.
The effective differential temperature is calculated as follows:

AT = (106 - 62) OF Maximum normal temperature variation
AT = 44 OF
ATn = (44 - 20) 0F reduce the maximum value based on the normal

temperature error assumed included in the analyzed drift (20TF)
= 240F

Where:
AT. = Effective differential temperature for normal plant conditions.

Assuming a temperature error of 0.5 % of calibrated span per 1000F the final
error for normal conditions would be determined as follows:

Error= 0.5% * 24/100 = 0.12% of calibrated span temperature error.

The temperature range for the Control Room is not specified by current plant
documents, however the estimate shown in Table 2 below is reasonable based
upon the type of heating and ventilation used. Other values in the following
Table are taken from the Vermont Yankee Environmental Qualification Manual



Vermont Yankee
INSTRUMENT UNCERTAINTY
AND SETPOINTS DESIGN GUIDE

Revision 2 |
Appendix D

Page 26 of 79

[Ref. 6.21] and include normal temperature ranges for various plant areas. Plant
areas not included in the Table require the calculation originator to determine
the minimum and maximum normal as well as the maximum accident
environmental conditions. Area values may be found in the VY Environmental
Qualification Manual, the VY USAR, or other VY design documents.

Table 2: Normal Temp rature Ranges
Plant Area Minimum Maximum

Control Room 60OF 800F
Reactor Building -

Occupied Areas 62'F 1060F
Torus Area 60OF 120OF

RHR Corner Room at 213'- 9" 670F 109'F
RHR Corner Room at 232' - 6" 600F 104"F

Drywell - Operating & Hot Standby2

Below 270' 140'F 1600F
Between 270' and 315' 1750F 195"F
Above 315' 260OF 2800F
Torus (Internal, Above Water Level) 600F 120OF
Steam Tunnel 1000F 1500F
Turbine Building3

Occupied Areas 850F 105"F
Lube Oil Hallway 86OF 104OF

For accident and post-accident conditions, the concern is for high temperatures;
therefore, the bounding difference is between the peak temperature during an
accident and the lowest temperature at which the instrument would have been
calibrated. The delay time of instrument heat up due to thermal inertia effects
the actual temperature of an instrument during accident conditions. The vapor
temperature during a HELB may reach a peak temperature approaching 300 0F
in some compartments; however the calculated temperature falls quickly to a
much lower level. In those cases and in the absence of specific data to the
contrary, temperature excursions shorter than 120 seconds may be neglected.

The EQ manual has graphs for compartment temperatures during specific events
that should be used to determine the applicable temperatures. If no specific
curve is applicable, the user should refer to the Attachment C of the EQ manual,
"Envelope Accident Environmental conditions."

The following equation is for an uncertainty that is a linear function of
temperature. This is conservative for most instruments.

TEx =TEX(Txmax -Txmin)

2 Minimum is lower than implied by EQ manual to reflect surveillance data for reference leg thermocouples.
3 Minimum is 10TF lower than otherwise calculated to allow for lower temperatures during shut down conditions.
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where,
To m,,, = Maximum temperature for the conditions of concern
T~nmn = Minimum temperature during normal operations.
Tcalibiation = Temperature effect accounted for in DA (if available).
TEX = Vendor's temperature effects expression in % CS per OF
Note: The subscript "x' can be: n (normal), a (accident), or p (post-accident).

Some pressure instruments, notably environmentally qualified Static O-Ring
(SOR) switches and ITT-Barton gauge pressure transmitters, are sealed at
approximately atmospheric pressure. When the instrument heats up, the internal
pressure does not vent but builds up opposing the process pressure.
Consequently, in addition to the usual temperature effect specified by the
vendor, there is a negative bias effect due to the thermal expansion of trapped
air. Not all SOR switches are sealed nor are all sealed instruments affected by
this problem.

Summary

(a) Temperature excursions shorter than 120 seconds may usually be
neglected.

(b) The temperature effect is calculated based upon the difference between
the peak temperature for the condition being considered and the minimum
normal temperature, less any temperature effect accounted for in analyzed
drift data.

3.6.9 Barometric Pressure Effect (PB)

Except for transmitters and switches designed to measure pressure, this effect is
negligible. Design pressure values for electronic devices are not needed since
the devices will work correctly at any reasonable pressure where they are
installed.

There are two general ways that barometric pressure can affect the output of an
instrument. For pressure measuring devices with one side of the pressure cell
exposed to the atmosphere, a change in barometric pressure has a direct bias
effect on the output. If the instrument is calibrated in units of absolute pressure
(psia) this is an error, if the units are gauge pressure (psig) the effect may be
ignored:
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If the instrument were sealed, a change in atmospheric pressure would cause an
apparent error when calibrated using a vented test gauge and the effect should
be included when calculating normal uncertainty, unless compensated for in the
calibration procedure.

For accident conditions the effect is usually significant and should only be
neglected when it can be shown that the loop function does not depend upon the
absolute pressure.

3.6.10 Humidity Effect (HE)

Most modem instrumentation, except devices operating at high voltage and low
direct currents (e.g., nuclear detectors and preamplifiers) do not display effects
due to humidity exposure less than 90% relative humidity. For those high
voltage/ low current instruments specific guidance should be obtained from the
vendor.

Some environmentally qualified instruments, particularly recorders and
indicators have a separate humidity effect specified. This term may be
neglected unless the expected humidity exceeds 90%. Generally there is no
separate specification and the effect of humidity is included in the rated
temperature or design basis accident response.

A change in humidity can also cause a change in the insulation resistance in a
signal cable. This is discussed more in Section 3.10, "Insulation Resistance (IR)
Leakage Effects."

3.6.11 Radiation Effect (RE)

Radiation can have a cumulative damaging effect on the materials and
components of an instrument. This damage can affect the instrument
uncertainty. At relatively high dose rates, the effect may also be rate dependent,
which means the results of qualification testing may be misleading if the dose
rate of the test greatly differs from those expected during a specific accident
scenario.

This design guide assumes that the effects of radiation doses during normal
plant operation (characterized by low dose rates) are compensated for by
calibration. Therefore, the radiation dose of concern is the Total Integrated
Dose (TID) received between calibrations and during an accident. The worst
case for radiation effects would be if an accident occurred just before an
instrument was to be calibrated. It would have received the normal dose plus
the dose for the accident. Accident radiation effects need only be considered up
to the time the loop performs its safety-related function.

I
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For instruments in mild environments (TID per calibration interval less than lo'
rads), the radiation effect can be neglected.

The following assumptions apply to the radiation effect for specific models of
transmitter which are developed from specific references. The assumptions are
identified by model and the corresponding references are included.

(a) The radiation effect for Rosemount 1152 transmitters is given by the
step functions below. A step function is provided since the effect is not
considered linear with dose. RE is the radiation effect and R is the
radiation dose between calibrations.

These step functions are based on a combination of vendor information
and interpretation of vendor test reports. The information for the upper
step (highest radiation) comes from Ref 6.35. The information for part
of the 0.5% CS step comes from Ref 6.28. The lowest radiation step is
based on mild environments having no significant radiation effects. The
0.5% step is intended for use in calculating a testing uncertainty for
instruments which normally receive small but significant doses between
calibrations.

r O%CS;R< lOOOrad

RE=O 0.5%CS;lOOOrad<R<l.OMrad

t8.0%URL;l.OMrad<R• 5.OMrad

(b) The radiation effect for Rosemount 1153 Series B transmitters is given
by the step functions below. A step function is provided since the effect
is not considered as linear with dose. RE is the radiation effect and R is
the radiation dose between calibrations.

r 0%CS;R• lOOOrad

RE=| 0.5%CS;lOOOrad<R< L.OMradj l.O%URL;1.OMrad<R• 5.OMrad
8.0%URL;5.OMrad<R< 22.OMrad

These step functions are based on a combination of vendor information
and interpretation of vendor test reports. The information for the upper
step (highest radiation) comes from Ref 6.32. The information for part
of the 1.0% URL step comes from Ref. 6.36 and part from Ref 6.34.
The lowest radiation step is based on mild environments having no
significant radiation effects. The 0.5% step is intended for use in
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calculating a testing uncertainty for instruments which normally receive
small but significant doses between calibrations.

(c) The radiation effect for Rosemount 1153 Series D transmitters,
excluding range code 0 (for range code 0, the upper step is 8.2% URL),
is given by the step functions below. A step function is provided since
the effect is not considered as linear with dose. RE is the radiation effect
and R is the radiation dose between calibrations.

O%CS;R< 10OOrad

RE=O 0.5%CS;I000rad<R< 1.0Mrad
1.0%URL;l.OMrad<R< 5.0Mrad

6.0%URL;5.0Mrad<R< 51.9Mrad

These step functions are based on a combination of vendor information
and interpretation of vendor test reports. The information for the upper
step (highest radiation) comes from Ref 6.36. The information for part
of the 1.0% URL step comes from Ref. 6.32 and part from Ref 6.34.
The lowest radiation step is based on mild environments having no
significant radiation effects. The 0.5% step is intended for use in
calculating a testing uncertainty for instruments which normally receive
small but significant doses between calibrations.

3.6.12 Seismic/Vibratory Effect (SE)

The shaking and physical acceleration due to a seismic event may affect the
uncertainty of an instrument, particularly instruments with mechanical parts.
Instruments, which are mounted in locations subject to vibration from nearby
machinery, may also be adversely effected.

The seismic effect is based upon the instrument response to the acceleration at
the instrument location due to a Safe Shutdown Earthquake (SSE), which
corresponds to a ground acceleration of 0.14 gravity [Ref. 6.10.1]. The original
testing program for instrumentation simulated an SSE by testing each
component to 2-axis horizontal acceleration of 1.5 gravities and vertical
acceleration of 0.5 gravity [Ref. 6.10.2]. Earthquakes less than an OBE (0.07
gravity, Ref. 6.10.1) are considered not to have a significant effect on
instrument uncertainty. Conversely, if the instrument has been qualified by test
to accelerations exceeding 3 gravities in three axes, then the seismic effects may
be considered negligible. The maximum qualified acceleration for the original
GE supplied instrumentation is shown in FSAR Table C.2.7, "Summary of
Results - Class I Equipment Seismic Test."
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Seismic effects during and after an event, are usually determined based on the
instrument vendor's expression for seismic effect and the seismic response
spectrum at the instrument's location. It is likely that a step function or other
nonlinear form should describe this effect; consequently, no recommended form
is shown. For original scope equipment qualified at less than 3 gravities, an
allowance equivalent to +2% of span shall be used, which corresponds to the
testing margin used in the original tests.

The Engineering Design Basis does not consider coincident SSE and safety-
related HELB to be a credible event; therefore, in cases where an instrument
loop is required to operate for both a SSE and a HELB, only the worst overall
loop uncertainty need be used [Ref. 6.26]. Coincident LOCA and SSE are
considered credible in the design basis, however not with a licensing basis
radiation release. Only the worst of (LOCA + SE) or (LOCA + RE) should be
considered. The Engineering Design Basis document includes the following list
of safety functions required operable during and following a design basis
earthquake:

a. Reactivity Control
b. RPV Level and Pressure Control
c. Decay Heat Removal
d. Post-Accident Monitoring
e. Fuel Pool Cooling and Makeup

The corresponding systems are also shown in matrix form in the EDB
document. Only those systems and functions require accounting for the seismic
effect.

3.6.13 Process Static Pressure (SP) Effects

Several effects, generally applied only to differential pressure instruments, are
associated with exposure to a high static line pressure that interferes with the
basic measurement function. If an instrument is not exposed to the process or is
not a differential pressure instrument, then these effects are not applicable and
may be omitted from the uncertainty or setpoint calculation without comment.
For differential pressure instruments, the effects may be applicable and the
appropriate uncertainty should be included, or an explanation given why the
effect is not applicable. For additional information, see Attachment C: "Process
Corrections and Measurement Uncertainty."
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Static Pressure Span Correction (SPc)

Exposure of a differential pressure instrument to process static pressure may
affect its span. Generally, this effect is a bias, directly dependent on pressure.
This effect can be accounted for by calibrating the instrument at the operating
pressure or by using a correction factor to compensate the calibration.

If the static pressure is not calibrated out, or if significant operation occurs at a
pressure different than that for which it was calibrated, the static pressure
correction should be included. Typical, this is not calibrated out and should be
included in the analysis.

At low pressure S.C. should be incorporated with an understanding of how the
instrumentation is being used. For example flow indicating instruments in the
low pressure systems (e.g. Low Pressure Coolant Injection) could normally be
at system pressure as high as 400 psig but be at much lower pressures when
most monitoring is required.

Static Pressure Span Correction Uncertainty (SPu)

When a correction is made to an instrument's calibration by using a vendor
supplied expression, there is an additional uncertainty due to the uncertainty of
the vendor expression used to correct for static pressure. This is, in effect, the
random variations around the bias which occur during testing to determine the
vendor correction expression. If the instrument is calibrated at the pressure at
which it must later operate, there is no need to include this uncertainty. In that
case, the instrument has been adjusted for that particular pressure in that
particular installation, and the vendor expression was not used.

Static Pressure Zero Effect (SPz)

Static pressure zero effect is the shift of the zero point of the calibrated scale
due to operation at a process pressure different than the pressure at which the
instrument was calibrated. The uncertainty may be taken as a random term
equal to the limits specified by the vendor. The effect is generally not
predictable between instruments, so an expression cannot be used to correct for
the difference in pressures. However, for a particular instrument the effect can
be eliminated by calibrating at the desired operating pressure and adjusting the
zero. Typically, this is not calibrated out and should be included in the analysis.
See Attachment C for detailed discussion of the application of Static Pressure
effects.
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Over Pressure Effect (SPo)

Over pressure effects should be considered when an instrument is operated
outside of its normal operating limit. The normal operating limit is not the same
as the design limit. Example: a transmitter may have an operating limit of 1000
psi, but its design limit may be 3000 psi. The effects above 1000 psi must be
considered. For differential pressure instruments, there may be two operating
limits, one for high static line (common mode) pressure and another for
differential pressures. For Rosemount transmitters the Over Pressure rating
applies to any differential pressure above the Upper Range Limit (URL).

3.6.14 Power Supply Voltage Effect (VE)

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

This effect is usually linear with voltage variation, the equation to use is:

VEX =VEXxAV

where,
VEX = instrument vendor's power supply effect expression in percent of CS

per volt
AV = power supply stability in volts

This effect may be negligible, particularly for components with regulated power
supplies. Power Supply effect is normally considered to be included in the plant
specific drift DA term. However, if the power supply is calibrated prior to
calibration of the loop components, then the VE term is not included in the DA
term and must be considered separately.

3.7 Environmental Influences

The following environmental conditions for uncertainties are considered for an
instrument loop at Vermont Yankee: normal, accident, post-accident, and seismic event.

Uncertainties during normal operations and during performance of periodic calibration
will generally be needed for any loop of Class 1, 2 or 3.

Those instrument loops, which must perform a safety-related function during an accident,
must have an uncertainty calculated for the bounding conditions that are expected to
prevail, during the specific limiting accident event, for the time interval for which the



Vermont Yankee Revision 2 |
INSTRUMENT UNCERTAINTY Appendix D
AND SETPOINTS DESIGN GUIDE Page 34 of 79

safety-related function is required to be operable. This only applies to Class 1 functions.
Additionally for Reactor Protection System Instruments (RPS) the calculation must verify
that the RPS instrument will not fail, or spuriously operate for a High Energy Line Break
(HELB) in the vicinity of the instrumentation. This is limited to instruments that are not
required to function to mitigate the HELB in their vicinity. Devices which must function
must consider accuracy of the trip point also.

Class 2, instruments used in the emergency operating procedures which are subject to an
abnormal or harsh environment following an accident, should have post-accident
uncertainties determined.

Seismic uncertainties are significant only for those Class 1 instruments which must
operate during or after an earthquake. Indicators would not be useful during an
earthquake (OBE or SSE), since operators would have significant difficulty reading any
display type instrument (e.g., indicators, recorders, and printouts) accurately and operator
action is not credited for some time after an earthquake. For those safety-related
instrument functions, which are required for safe shutdown of the reactor, a seismic
uncertainty should be calculated. Figure 2, illustrates the conditions considered for DBA
evaluations.

3.8 Module Uncertainty (e)

The individual uncertainty elements are combined according to equations below, for
devices which can be considered internally linear, to obtain the overall instrument
uncertainty in terms of three groups of uncertainties: (1) random, (2) positive bias, and
(3) negative bias. Bias uncertainties are combined algebraically and random uncertainties
are combined using the Square-Root-Sum-of-Squares (SRSS). This insures that the total
uncertainty is neither non-conservative (by using SRSS for all uncertainties) nor overly
conservative (by combining all algebraically).

Note: It is possible to calculate uncertainty with excessive precision and also to
introduce unnecessary round-off errors. To avoid calculations which are
difficult to duplicate, module uncertainty calculated in %CS should be rounded
to two decimal places (i.e. 2.87% CS). Intermediate values using SRSS should
be carried to four decimal places. Final module, loop or Total Loop Uncertainty
values should be rounded to the readability of the test equipment (if it is only
possible to read the instrument to 1 psi increments a value of 1.02 psi has no
meaning). All rounding where performed must be in the conservative direction.
Rounding for values a factor of 10 smaller than the readability is not required,
since these values would have no effect if considered in their error combination.
For an increasing process condition to a trip setpoint the TLU values would be
rounded up, the setpoint values would be rounded down, and the AV value
would be rounded down.
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For random uncertainties:

exRi = R

Where,
eR; = random uncertainty of the id' device
uxRi = an effect or uncertainty which is random as it applies to the ith device

The subscript 'x" represents the environmental conditions.

The bias terms of opposite signs are not usually allowed to cancel each other. This is
done by having a positive bias equation and a negative bias equation.

eB =X use

es, =LU

Where,
e1 Bi = the bias uncertainty, positive and negative, of the ith device

3.8.1 Testing Conditions

For testing conditions, no instruments are exposed to the process, and there would be no
earthquake. Therefore, the static pressure terms (SP) and seismic (SE) are not included.
The barometric pressure effect (PB) would only be due to the variation in atmospheric
pressure between calibrations, which is negligible for most cases. As explained in
Section, the current leakage effect is negligible for normal (and testing) conditions. The
radiation effect is the cumulative effect of normal operations since the previous
calibration. Under testing conditions the total module error is typically all random. For
testing a single instrument, this value is equal to the as-found tolerance (AF).

e, CE2 +MTE 2 +DR2 +TE2 +HE2 +RE2 +VE2

For indicators or recorders, the instrument readability uncertainty (RD) is also included in
the equation. If analyzed drift values are available, the equation simplifies to:

et=JCE2 +DA2

For indicators or recorders, readability uncertainty (RD) is not required, since it is
included in analyzed drift (DA).
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3.8.2 Normal Conditions

For normal conditions, with the instrument connected to the process, the static
pressure effects may apply and the overall uncertainty may then contain bias
components. The normal uncertainty is therefore given by the equations:

en JCE2 +MTE2 +DR2 +TE2 +HE2 +RE2n +VE2 +SP2 +SP,2

For indicators or recorders, the instrument readability uncertainty (RD) is also
included in the equation. If analyzed drift values are available, the random
equation simplifies to (as before RD is included in DA):

e, =VCE2 + DA2 +TEn + SPU +SPz

Where:
TEhL = The differential temperature effect between the testing range and

normal design range (reduced by the 200F delta assumed in DA
for calibration conditions).

3.8.3 Accident and Seismic Conditions

Only Class 1 instruments need to consider Design Basis Accident (DBA)
conditions. Some instruments may be in an environment where they could not
be affected by an accident. The Vermont Yankee design basis recognizes the
combination of an earthquake with most limiting events except the High Energy
Line Break (HELB) of a seismically qualified line and a Loss of Coolant
Accident (LOCA) with fuel failure. For instruments associated with those
specific scenarios, two accident uncertainties need to be calculated.

Loss-of-Coolant Accident

For the LOCA, the first scenario is LOCA no seismic event and includes
accident effects for TE, HE and RE, but not SE. The second scenario for
Seismic with LOCA but without fuel Failure includes accident effects for TE,
HE and SE, but not RE. In equation form:

LOCA no Seismic event.
e, = ACES +DB2 +MTE 2 +DR2 +TE2 +HE2 +RE2 +VE2 +SPU +SP2

LOCA with Seismic event but no fuel failure
= JCE 2+DB2 +MTE2 +DR2 +TE2 +HE +RE 2 +VE2 +SP2 +SP2 +SE2
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For indicators or recorders, the instrument readability (RD) is also included in
the equation. If analyzed drift values are available, the random equations
simplify to (as before RD is included in DA):

LOCA no Seismic event.

eaR, = CE2 +DA2 +TE2 +HE2 +RE2, + SPU +SP2

LOCA with Seismic event but no fuel failure
eaR2=VCE2+DA2 + TE2a +HE2 +SP2 +SP2 +SE2

where,
TELOcA= Temperature effect for LOCA conditions
HELOCA = Humidity effect for LOCA conditions
RELOcA = Effect for postulated source term release

High Energy Line Break (Mitigation)

For the HELB, one value includes accident effects for TE and HE, but not SE.
The second includes only SE. In equation form:

eaR, =VCE2 +MTE 2 +DR2 +TE2 +HE2L +E2VE2+SP2 +SPZ2

eau R2 JCE2 +MTE2 +DR 2 +TEn +HEn +RE! + +SPU +SPz +SE2

For indicators or recorders, the instrument readability (RD) is included in the
equation. If analyzed drift values are available, the random equations simplify
to (as before RD is included in DA):

=JCE2 +DA2 +TE2 +HE2 + SPU +SPZ

eR2=VCE2 +DA 2 +SPU +SPz2 +SE 2

where,
TEHEL= Temperature effect for HELB conditions
HEHEL= Humidity effect for LOCA conditions
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For those loops, the most restrictive case of seismic or accident should be used
to determine total loop uncertainty. In performing this calculation, however, the
total loop uncertainty should be determined for all instruments under seismic
conditions, and then for all instruments under accident conditions, and the more
restrictive case used. Combining individual worst cases is not appropriate.

High Energy Line Break (Non-Mitigation)

As discussed in Section 3.7, for RPS channels sufficient margin must exist such
that spurious actuation will not occur in a HELB environment during the time
necessary to effect a controlled plant shutdown. This margin check is
independent of setpoint analysis for HELB mitigation loops. This check is
performed by determining the effects due to the HELB event and then adding
these error values to the maximum normal operating value of the process
variable measured. If the result is less than the trip setpoint spurious trip for
HELP is assumed not to occur.

Other Design Basis Events

For other limiting events, the seismic effect is simply included in the calculation
with the environmental effects:

e, =CE2 +MTE2 +DR 2 +TE2 +HE! +RE! +VE2 +SPu +SP2 +SE 2

For indicators or recorders, the instrument readability (RD) is included in the
equation. If analyzed drift values are available, the random equation simplifies
to (as before RD is included in DA):

eR = JCE2 +DA 2 +TE2 +HE2 +RE2 +SP2 u +SP2 z +SE2

And for any event the bias component of uncertainty is found from:

eaB = SPc + SPo
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3.9 Process Corrections and Measurement Uncertainties (PM)

Process corrections are adjustments to the instrument calibrated range or setpoint. By
themselves, they are not considered as uncertainties. The need for adjustments normally
arises because of differences in location between the point of concern for a process
variable and point of measurement and location of the sensor. Variations in process
corrections, or in the process itself, may cause uncertainties (e.g., variations in the head
correction, or fluid density of a flow system). Both the corrections and the uncertainty of
the correction need to be considered. The variations discussed here are typical, but there
can be others. More detailed discussion may be found in Attachment C.

3.9.1 Level Measurements

ISA-RP67.04 Part II, Attachment B, "Vessel/Reference Leg Temperature
Effects on Differential Pressure Transmitters Used for Level Measurement,"
contains a detailed discussion and equations for evaluating the process
uncertainties for a PWR steam generator level measurement. The methods
described are generally applicable to any level measurement; however, at
Vermont Yankee (or any BWR), the vessel level application in particular is
complicated by the fact that pressure sensing lines may pass through multiple
temperature gradients, consequently the user is cautioned to apply the principles
described in ISA-RP67.04 Part II with care to ensure the model reflects the
as-built design. The following variables are the principle determinants of level
measurement error using differential pressure instruments:

• Process liquid density, determined by process temperature and pressure.

• Process vapor density, determined by process temperature and pressure.

* Reference leg density, determined by process pressure and environmental
temperature.

* Tank vortexing, if applicable see mechanical design calculations.

There may be cases where the sensing lines to the transmitter are routed through
different environments, then the different head effects on the two lines should
also be accounted for in the overall PM allowance. The specific problem of
Reactor Vessel Level measurement is addressed in Attachment C.

3.9.2 Flow Measurements

In ISA-RP67.04 Part II, Attachment C, "Effects on Flow Measurement
Accuracy," contains guidance to account for fluid density effects and piping
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configuration in establishing PM for flow measurements. Attachment D of this
guide, "Flow Loop Scaling and Uncertainty," extends the ISA-standards
treatment to include flow element uncertainty and the propagation of
uncertainty through a square root converter. Generally, the problem is
complicated by the fact that both the flow element and square root converter are
non- linear devices and that most process influences are functions of flow rate;
consequently, the overall uncertainty must be evaluated at specific flow rate
points of interest, which should include the Analytical Limit (AL) or Process
Limit (PL), setpoint, and normal flow rates (representative values).

3.9.3 Pressure Measurements

ISA-RP67.04 Part II, Attachment F, "Line Pressure Loss/Head Pressure
Effects," contains guidance to account for head effects in process piping under
conditions where significant flow exists. Attachment C, 'Process Corrections
and Measurement Uncertainty," addresses the more common situation of head
corrections (hC) and the resulting uncertainty (hU) associated with variations in
temperature of the sense line. Pressure variations of the process, which also
effect density may be ignored, unless the fluid is a compressible gas, since the
change in pressure is sensed directly by the instrument and any residual bias is
usually negligible. The calculation should include a derivation of hC, since the
correction is usually significant and any errors in calculation represent an
un-analyzed bias.

3.10 -Insulation Resistance (IR) Leakage Effects

Reduced insulation resistance in the signal cables allows more current to leak between
cables or to the ground. The change in current affects the loop uncertainty. For all but
accident conditions, the leakage current should be negligibly small. When current
leakage effect is present, it is normally a positive bias. The effect of current leakage on a
loop's performance is a function of the amount of current leakage in an instrument loop's
current carrying components. The effects of current leakage due to a harsh environment
are developed in ISA-RP67.04 Part II, Attachment D, "Insulation Resistance Effects," for
the typical current loop. Two and three-wire RTD circuits are also susceptible to
significant IR loss.

There are four shunt resistances that have been identified which will produce significant
leakage currents in harsh environments. They are:

* Cable insulation leakage
* Cable splice leakage
* Terminal boards
* Penetrations (if any)
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At Vermont Yankee, environmentally qualified instrumentation have been evaluated for
IR loss in VYC-700, "Post-Accident Insulation Resistance Effects on the Accuracy of
Selected Environmentally Qualified Instrumentation" [Ref. 6.27]. The effects were
found to be negligible.

3.11 Total Loop Uncertainty

The total instrument uncertainty (Uj;) is found by (1) combining all effects for a given
device to find a total device uncertainty and then (2) combining the device uncertainties
to find the total instrument uncertainty. The total loop uncertainty (UXL) will be
determined by combining the random and bias terms for the instrument uncertainty and
the process uncertainties.

Most instruments and loops encountered at Vermont Yankee are linear in the way the
input signal is processed, the major exceptions being flow loops and logarithmic display
systems for radiation monitoring. If there are nonlinear devices in the loop, the total loop
uncertainty must be determined for specific points of interest as described in Attachment
D, "Flow Loop Scaling and Uncertainty" and Attachment E, "Special Considerations for
Radiation Monitors."

The equations below present the method for determining total loop uncertainty for
combinations of linear devices. If some of the instrument uncertainties are expressed as a
percent of input or output, the total loop uncertainty must also be determined at specific
points of interest, or a bounding input or output value must be used. The total loop
uncertainty is typically shown with PM as a bias. If treated as a random term,
justification shall be provided in the calculation.

Note: As noted before under Module Uncertainty, certain conventions for precision
are necessary. For calculations performed in %CS, intermediate results under
the SRSS operations should be carried to four decimal places and the final result
rounded to one decimal place (i.e. ±3.1% CS). Final module, loop or Total
Loop Uncertainty values should be rounded to the readability of the test
equipment (if it is only possible to read the instrument to 1 psi increments a
value of 1.2 psi has no meaning). All rounding where performed must be in the
conservative direction (within the limitations discussed in Section 3.8). For an
increasing process condition to a trip setpoint the TLU values would be rounded
up, the setpoint values would be rounded down, and the AV value would be
rounded down.
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RANDOM

UAWl eXn =exR, +exR2 +e2 .- +e2xR3 X

where,
UXij = combined random uncertainty of the ijh through the jh devices

= uXRL for the total loop
e.Rk = the random uncertainty of the kth device

The subscript "x" represents the environmental conditions (n = normal, a = accident, p =
post-accident).

BIAS

UxBIJ ±eX +PA1=eX1 +e2 +eX ... +e1 +PM+

UXBU =±eXBk +PM =e-I +e- +e- ... +e +PM

-where,

Uasj = bias uncertainty, positive and negative, of the iih through the jth devices
= UXBL for the total loop

e.Bk = the bias uncertainty, positive and negative, of the kh device
Note: The subscript '"" represents the environmental conditions (n = normal, a

accident, p = post-accident).

The bias terms of opposite signs are not usually allowed to cancel each other. This is
because the bounding conditions do not generally apply simultaneously. This is
accomplished using separate positive bias and negative bias equations. Specific
justification is required anytime offsetting bias will be used to reduce TLU or other error
components.

3.12 Difference Uncertainties for Sequential Setpoints

For sequentially operating (stacked) setpoints, the difference uncertainty associated with
two different bistables actuating out of sequence needs to be considered. Of similar
concern is the situation of an indicator reaching an operating limit prior to an alarm
sounding (which is intended to warn the operator of the approaching limit).
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In either case, the uncertainty is calculated in the same fashion. Figure 3 is an example of
such stacked setpoints. The figure shows one possible loop configuration, in this case,
for a pressure measurement. The uncertainty of interest is that for the difference between
two outputs from the same loop. Mathematically, the solution for random variables has
the same form as for the sum (the general case of loop uncertainty).

The difference random uncertainty (uj) for two devices or loop segments is equivalent to
the SRSS combination of the errors associated with the components not shared in the
loop:

where e, and ej refer to the device uncertainty or combined uncertainty of all those
devices which are not common to both outputs. Bias components would sum
algebraically. See the discussion of stacked setpoints in section 4.6.5 and Figure 8.

Example:

The normal total loop uncertainty to the alarm switch (u .1 5) in Figure 3 might be 2.5%
CS; however, the uncertainty of the alarm switch (us) might be 0.7% CS and that of the
indicator (U4) might be 1.0% CS. Since the transmitter errors and the I/E converter errors
would be present for either loop function, they are not included in the difference
-evaluation. The difference uncertainty of the indicator and alarm switch (u4s5) is:

u42 2
U4,5 =TU4 +U 5

U4,5 = 1.2 +0.72

U4,5 =i0 7 .72 =1.22%CS
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Figure 3: Stacked Setpoint Loop



Vermont Yankee Revision 2 |
INSTRUMENT UNCERTAINTY Appendix D
AND SETPOINTS DESIGN GUIDE Page 46 of 79

4. SETPOINTS AND DECISION POINTS

This section discusses the methods that can be used to obtain a setpoint or decision point that
will adequately fulfill the intended design function. A setpoint as used in this guide refers to the
nominal value at which an automatic protective function or alarm is to be actuated. A decision
point refers to an indicated value at which an operator action is to take place, either in
accordance with the Technical Specifications or by procedure.

All setpoints are based upon a limit (or limits) which bound the range of the process variable
over which an actuation is allowed to occur. Two parameters are required to adequately specify
the limit: (I) the qualitative description or definition (what is to be accomplished under what
conditions) and (2) the quantitative or analytical determination of the magnitude of the limit.

Once a total loop uncertainty has been calculated for the applicable conditions, the limiting
setpoint (LSp) or decision point is found by adding either the positive or the negative uncertainty
to the applicable limit. In principle there is no difference between calculating the setpoint for an
automatic actuation and an operator decision point based upon reading an indicator or recorder.
Whenever "setpoint" is used alone in the following discussion, it is understood to refer to
decision points as well. In practice there are some useful distinctions between the two. Those
issues, which apply specifically to only setpoints or decision points, are so identified.

The limiting setpoint is the least conservative value for the setpoint, which accounts for the
known uncertainties. There are several reasons for using a setpoint that is different from the
LSp, for example:

1. Trip functions may have more than one Analytical Limit or Process Limit. Then the most
conservative LSp is chosen.

2. Equalize the setpoints among loops of similar function, but diverse design (different
equipment or installation and therefore different uncertainty).

3. Account for missing or uncertain vendor specifications. Also, over time vendor
specifications may change. Including margin allows an increase in the instrument
uncertainty without a required change in the setpoint.

4. A margin between the existing TS value and the setpoint is preferred even though the
calculation supports a less conservative setpoint.

5. Human factors. Round numbers are more easily recalled. For example, a low pressure
setpoint of 804.6 psia is more difficult to recall than a setpoint of 805 psia. Also available
test equipment may not be readable to 0.1 psia.
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6. Accommodate historical precedence. The plant already has existing setpoints. Where they
are conservative with respect to the LSp and do not interfere with operations, there is no
need to change them.

Figure 4, "Typical Safety-Related Setpoint Allowances ITS" and Figure 5 Typical Safety-
Related Setpoint Allowances CTS" show in general terms the types of allowances included in a
NSR (Class 1) setpoint determination for an increasing process trip. Class 2 calculations involve
similar considerations, however there would be no Allowable Value involved. A Class 3
calculation, since it does not involve the safety analysis, would have a Process Limit instead of
the Analytical Limit and there would be no consideration of accident conditions.

Setpoints with safety functions will generally be based upon established analytical limits or from
a process limit derived from other design calculations. Setpoints without a safety function may
be based upon a calculated process limit, but will frequently be based upon an estimated or
qualitative limit.

The Setpoint Program is intended to support both the existing Technical Specifications and the
Improved Technical Specifications Project if implemented. The following considerations apply.

* For setpoints to be evaluated for the Vermont Yankee Custom Technical Specifications
(CTS) the values in the CTS are typically treated as Analytical Limits. There are no
Allowable Values. Only normal uncertainties are applied between the Analytical Limit and
the nominal trip setpoint.

* For setpoints to be evaluated for the Vermont Yankee Improved Technical Specifications
(ITS) the values in the ITS are typically Allowable Values.

* For decision points to be evaluated for the Vermont Yankee Improved Technical
Specifications (ITS) the values in the ITS are typically calculated including normal
uncertainties in the same way a setpoint is calculated.
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4.1 Setpoint Basis

The first and most important step in preparing a setpoint calculation is to clearly define
the purpose and function of the trip actuation or indication being evaluated. The
calculations being performed for Vermont Yankee will typically evaluate all of the
outputs from a particular loop. This may involve more than one automatic actuation,
alarm or indication function. For each of these functions the preparer must answer the
following questions:

* What is the safety significance of the function being performed?

* Does this function correspond to an input to an accident or transient analysis. If so,
what is the Analytical Limit?

• Does this function correspond to the initial conditions for an accident or transient
analysis. If so, what is the value or description of that condition and when does it
apply.

* Under what conditions must the function be operable (i.e. normal, accident or post-
accident)?

* Under the ITS, is there an Allowable Value (AV) associated with the setpoint?

* Is the process increasing or decreasing as it approaches the setpoint [Sec. 4.6]?

• Does the function act as an anticipatory actuation or as a permissive for some other
function [Sec. 4.6]?

* If there is no Analytical Limit (AL), is there a basis for a Process Limit (PL)? Is there
an engineering calculation or other documented basis for a Process Limit?

* In the absence of a documented AL or PL, is there a basis for an estimated Process
Limit?

* What is the normal range of the process? Does the existing setpoint provide
adequate margin to operations?

The answers to these questions determine the classification of the setpoint and the steps
necessary to produce an adequate calculation.
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4.2 Setpoint Classification

The classification of each setpoint under the Vermont Yankee Setpoint Program is
maintained as part of the Setpoint Program Manual, however the correct classification of
a setpoint or decision point is the responsibility of the calculation preparer, based upon
the current design basis.

4.2.1 Class I Setpoints and Decision Points

A setpoint is considered Class 1 if any of the following statements apply.

(a) The Vermont Yankee CTS lists the setpoint as a Limiting Safety System
Setting (LSSS).

(b) The Vermont Yankee ITS shows the setpoint as an Allowable Value.
(c) The setpoint represents an input or initial condition for a Vermont Yankee

accident analysis or transient analysis.
(d) The Vermont Yankee licensing basis shows that the setpoint is considered

to be nuclear safety-related.
(e) The setpoint is determined to be of high risk significance in the Vermont

Yankee PRA or IPE analysis.

Generally all of the above characteristics will apply, however there may be
exceptions and the calculation preparer should be aware of that possibility.

4.2.2 Class 2 Decision Points

The title of this section is deliberate, since the vast majority of Class 2 functions
are those related to trending and operator actions in the emergency operating
procedures.

A decision point (or setpoint) is considered Class 2 if all of the following apply.

(a) The function is safety-related or applies to Category 1 and 2 post-accident
trending and monitoring.

(b) The parameter monitored is required to perform an essential evolution in
the EOPs.

(c) The function is not identified in Guidance & Methodology Associated
with Vermont Yankee's Regulatory Guide 1.97 Program Commitments
[Ref. 6.22] as a Type A variable.
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4.2.3 Class 3 Setpoints and Decision Points

The most convenient way to identify Class 3 setpoints is to verify that the
function they perform does not fall into either of the higher categories, as
follows:

(a) The associated parameter is a RG-1.97 Category 3 variable [Ref. 6.22].
(b) The function is clearly non-nuclear safety-related.
(c) The setpoint is not itself an input to the accident or transient analysis,

has no CTS LSSS or ITS Allowable Value.
(d) Does not perform a function that is required to operate in order for a

safety-related system to perform its required function.
(e) Is not an essential parameter in the emergency operating procedures.
(f) The variable is determined to be of very low or no risk significance in

the Vermont Yankee PRA or IPE analysis.

Classification in this category is always tentative until the basis for the setpoint
is clearly established.

4.2.4 Class 4 Setpoints and Decision Points

This category has all the features of a Class 3 setpoint with the addition that
there is no identifiable process limit or that instrument uncertainty is an
insignificant portion of the available margin, or the impact on plant risk is
insignificant.

4.3 Limits for Class 1 Setpoints

There are four (4) limits associated with nuclear safety-related setpoint determination.
They are:

Safety Limit (CTS & ITS) - In most cases, the Safety Limit (SL) was established
during the design of the plant.

Analytical Limit ( CTS & ITS) - The Analytical Limit (AL) is used to:

(a) Ensure that a Safety Limit is not challenged, and
(b) Provide the process conditions for use in Vermont Yankee's accident and

transient analyses.

* Technical Specification (CTS) - The Technical Specification Limit (TSL) is used
to:
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(a) Ensure that a Safety Limit and the Analytical Limit are not challenged,
and,

(b) Provide the process conditions for use in Vermont Yankee's accident
and transient analyses.

(c) CTS applies during normal operation only.

Allowable Value (ITS Only) - The Allowable Value (AV), as applied in the ITS,
provides a limit on the setpoint during testing to ensure the Analytical Limit is not
challenged.

ISA-RP67.04 Part II limits its discussion to nuclear safety-related setpoints with
Analytical Limits, equivalent to Class 1 setpoints. This guide treats the AL for Class 1
setpoints in accordance with the intent of ISA-RP67.04 Part I1. Figure 4, Figure 5 shows
the general relationship between the SL, AL, and AV for an increasing process trip for
ITS. Figure 6 shows the general relationship between the SL, AL, and AV for an
increasing process trip for CTS. Figure 6 shows the specific uncertainty terms applied to
a decreasing process trip.

At Vermont Yankee, the CTS trip settings are labeled Limiting Safety System Settings
and have been considered generally equivalent to the Analytical Limit, taking credit for
additional margin incorporated in the accident analysis for harsh environmental
conditions. For CTS, the existing Technical Specification Limit shall be evaluated
against the setpoint. New or revised setpoint calculations shall explicitly use a new
Analytical Limit provided by the DE&S Nuclear Engineering Department, from which
the Limiting Setpoint (LSp), Allowable Value, and available margins may be calculated.
For ITS the Allowable value will be used as the Limiting Safety System Setting and the
LSSS will be based on the Allowable value for calibration until ITS is implemented;

1. An ITS evaluation will be conducted to identify the AV, LSP and administrative
setpoint. Determination of AV includes the worst case uncertainty conditions. LSP
must support the arithmetic addition of the as-found values for the loop
components.

2. A CTS evaluation will be conducted to identify the LSP, ensure the LSP supports
the AL (for harsh environments), and administrative setpoint.
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Where:
UXLT = Uncertainty all loop components all errors
UXd, = Uncertainty all loop components normal cond.
Ut = Uncertainty all loop components testing cond.

Figure 6: Uncertainty Relationships for Class 1 Setpoints
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4.4 Class 2 and Class 3 Setpoints/Uncertainties

The Analytical Limit and Allowable Value are regulatory concepts and do not exist for
Class 2 or Class 3 setpoints. Instead, the setpoint is based upon a Process Limit (PL)
which is derived from the design function of the actuation or decision point. Generally if
the setpoint has a protective function, then the PL may be found from a design
specification, mechanical calculation or equipment vendor manual. The Process Limit
may not be well defined or readily available, however the preparer shall ensure that for
these setpoints, a reasonable estimate is provided.

For example, low pressure at the inlet of a pump can cause cavitation and eventual pump
damage. Therefore, a process limit should be established which protects the pump
against low pressures. In the absence of a formal calculation, the preparer may estimate
the minimum pump suction pressure from the vendor's literature.

For many systems, the process limit will differ from the design limit of the physical
equipment. For example, the highest pressure which a fluid process is expected to reach
(transient) may be 1000 psig. The piping for that process is specified to have a design
strength of 1500 psig. The pressure at which the pipe would rupture is even higher. In
this case, the process limit (1000 psig) is not the same as the design limit (1500 psig).

Systems that do not figure directly in the safety analysis may have process limits imposed
by various interface requirements. For many narrow range loops, the instrument input
range may effectively impose upper and lower limits on the setpoint.

4.5 Class 4 Setpoints/Uncertainties

Class 4 setpoints have a low impact on plant safety. Class 4 analysis are performed to
document engineering judgement or the use of non-Vermont Yankee methodologies.
Class four setpoints will not normally have a process or design limit for component
protection.

4.6 Setpoint Determination

The discussion which follows is complicated by (1) the need to accommodate biases,
either process measurement (PM) uncertainties or static pressure (SP) effects and (2)
calculation of Allowable Value testing limits applicable to safety-related Technical
Specification (iTS and CTS) setpoints. Biases may be significant for any setpoint Class,
however the calculation preparer may assume the worse case uncertainty applies in both
directions, which would be conservative, and significantly simplify the calculation.
Allowable Value calculations are applicable only to Class I setpoints. (See Section 4.6.2)

The parts of this section which are applicable depend upon the type of setpoint to be
detennined. Class 1 setpoints will use each sub-section. Class 2 and Class 3 setpoints
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will omit the sub-section on Allowable Value. Class 4 setpoints may need reference to
the sub-section on Administrative Limits.

The order of the steps to find the setpoint for CTS is to (1) determine the Process Limit
(PL) or Analytical Limit (AL), (2) Determine the CTS Limit (CTSL) (3) add the total
loop uncertainty for normal environmental conditions to the CTS Limit and sign (UxLn)

to obtain a Limiting Setpoint (LSp), (4) add the testing uncertainty (Ut) to obtain the
Allowable Value (AV),(5) combine with margin (M) to obtain the final setpoint.
Margin.The appropriate sign of the uncertainty used for each step is shown in Table 3.

The order of the steps to find the setpoint for ITS is to (1) determine the Process Limit
(PL) or Analytical Limit (AL), (2) add the total loop uncertainty for the appropriate
environmental condition and sign (UXLT>) to obtain a Limiting Setpoint (LSp), (3) add
the testing uncertainty (UtJ) to obtain the Allowable Value (AV), (4) combine with
margin (M) to obtain the final setpoint. The appropriate sign of the uncertainty used for
each step is shown in Table 3.

When margin is added to the Calculated LSp to obtain a final setpoint, the same margin
should be applied to the calculated AV to ensure that any degeneration in performance is
captured and evaluated.

Table 3: Uncertainty Sign for LSp and AV Evaluation
Setpoints

Parameter Increasing Decreasing
. aLSp Negative Positive
AV j Positive Negative

It should be noted that some channels might have, functionally, two directions of interest
associated with the trip setpoint-reset relationship. For example, an operational function
might be a protection system BLOCK ENABLE above a certain nominal value and the
safety function may be the AUTO UNBLOCK setpoint which reinstates the protection
system trip. In these, and similar, cases it is necessary for the calculation to identify the
safety significant direction of interest, determine if the applying of uncertainties is
warranted, and document the nominal reset value in order to capture the operational
functional "setpoint."

4.6.1 Limiting Setpoint (LSp)

For CTS the LSSS value in the Technical Specifications, the CTS Limit (CTSL)
is assumed as the starting point for the determination of the LSp. Proper plant
operation is then confirmed by verification that the Analytical Limit will not be
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exceeded for any applicable plant environments. If the setpoint is based upon a
Process Limit (PL) or Analytical Limit (AL), then LSp is calculated as:

LSp = CTSL + Uia

where,
CTSL = CTS Limit
U111L. = total loop uncertainty for normal environmental conditions Sign

(+ or -) per Table 3.

For ITS if the setpoint is based upon a Process Limit (PL) or Analytical Limit
(AL), then LSp is calculated as:

LSp=AL+U JL

or

LSp PL + U*xL

where,
AL = Analytical Limit
PL = Process Limit
U:XL = total loop uncertainty for environmental condition '"x (n = normal,

a = accident or p = post-accident). Sign (+ or -) per Table 3.

4.6.2 Allowable Value (AV)

For Class 1 setpoints in the ITS and CTS, the Allowable Value (AV) is found
from the limiting setpoint (LSp) in accordance with the equations below.
Generally, the applicable instruments are only a part of the loop (excluding PM
and SP terms).

AV = LSp + Uitik

AV > LSp + CTi + CT2 + CTn

where:
Ui"j = effective uncertainty for testing conditions, including devices tested ('j"

to '"I). For example, if the loop included a flow element, transmitter,
and trip unit, the flow element is not tested, AV would only include the
uncertainty of the transmitter (device "j") and the trip unit (device "'").
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CT = the as left tolerance for each loop device. (Where the algebraic
summation of the loop components as-left values would potentially
allow leaving the loop outside the AV, the AV must be adjusted.)

The signs and portions of the total loop uncertainty to be used differ depending
on whether LSp or AV is to be determined, because the input point of interest is
different. In determining the LSp from the PL, the PL is the input value and the
uncertainty is the measure of the total expected variation around that value. The
LSp is the input point of interest when the allowable value is determined
because allowable value is related to testing and calibration. For a rising
process variable the LSp is in the negative direction from the process limit, but
the allowable value is a positive direction from the LSp; hence, the sign
difference.
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4.6.3 Setpoints and Administrative Limits

The final setpoint will in most cases, be exactly the current setting of the plant
instrumentation, and the setpoint calculation is the documented basis for that
value and record of the available margin. However it is probable that the
Administrative Limits (as-found and as-left tolerance) will change.

A
Urn ing Setpoint (LSp)

Margin
(M)

As-Found
Tolrance (AF)

A
+AF

As-Left
Tolerance (CT)

+CT

-C T
Plant Setpoint

-AF

Figure 7: Setpoint and Administrative Limits

The available margin (M) is found from the LSp and Setpoint as follows:

M = I LSp - Setpoint I

If the existing setpoint is not acceptable, or for a new setpoint, there are several
considerations which would cause the setpoint to be something other than the
LSp.

(a) Additional margin is desired to ensure the AV is not challenged or to
ensure the setpoint will not need to be changed if new information
becomes available. Whenever possible, a margin of at least 0.5% CS
should be used.

(b) a decision point should be set at a value easily remembered by the
operator and easily read on the available indicators.

4.6.4 As-Found and As-Left Tolerances

Each calibration and functional test has two administrative limits determined by
the setpoint calculation. The as-found tolerance (AF) for each instrument or
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device is numerically equal to the calculated testing uncertainty (et) and is used
to evaluate operability and confirm the results of the calculation. The as-left
tolerance (CT) or calibration tolerance is the final acceptance criteria for the test
and confirms that the device has been restored to the necessary initial conditions
for the next operating interval.

Vermont Yankee uses the as-left (AL) tolerance as the as-found (AF) tolerance
for calibration purposes. The calculated AF is provided for performance of
Operability evaluations when the actual plant AF is outside the acceptance
criteria.

4.6.5 Sequential (Stacked) Setpoint Determination

For some systems, the actions to occur for a given overall operation must occur
in sequence. Instrument setpoints can be established which insure that the order
is maintained. Another situation where the order is significant is for
annunciators and operator actions.

For example, the pressure in a tank should not exceed some limiting value (the
process limit). A switch is installed which will open a valve to relieve the
pressure if the pressure rises too close to the limit. However, there are other,
probably preferable, means of relieving pressure, but which method is best can
only be determined by an operator who is aware of plant conditions. Therefore,
an indicator is installed and an operator decision point is established below the
switch setpoint, with instructions to reduce pressure by the most appropriate
method. Because an operator has other duties, he probably won't be watching
the indicator continuously. An alarm, which provides a warning that the
pressure is approaching the decision point, is installed with a setpoint below the
decision point to alert the operator. If due to instrument uncertainty, the alarm
annunciates after the decision point has been reached, or if the switch to relieve
the pressure trips too soon, the purpose of the switches will have been defeated.
Therefore, the range of values over which the switches may be expected to
operate may not overlap the region of indication that corresponds to the operator
decision point.

Figure 8 shows a diagram of the relationship between stacked setpoints. The
individual module uncertainties are shown for the trip switch (es), indicator (el),
and alarm (eA). Difference uncertainties shown are subscripted to show that
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they apply to the combination of the alarm and indicator (UAI), trip switch and
indicator (UPS), or whole loop (UXL). These are calculated as shown in
Section 3.12.

Again, a clear understanding of loop function is essential to correctly recognize
stacked setpoints. Some loops have multiple functions that are only tangentially
related to each other, others may have several tightly coupled functions that
require that each setpoint and decision point follow one another in a specific
sequence.

Piocess Limit (PL)

UXI Trip Switch Limiting Setpoint (ISp)

_ r s ; Trip Switch Setpoint

U Is ' el

3_____ Indicator Decision Point

e1
UA -A-

___i Alarm Setpoint

eA.

NormalRange of Operation

Process Variable

Figure 8: Sequential (Stacked) Setpoints



Vermont Yankee Revision 2
INSTRUMENT UNCERTAINTY Appendix D
AND SETPOINTS DESIGN GUIDE Page 62 of 79

4.7 Design Considerations

Many design considerations have an influence on channel uncertainty and setpoint
determination. The discussion here is not intended to be exhaustive, merely indicative of
the type of factors the user should be looking for when preparing a calculation.

4.7.1 Scaling

Particularly in the cases of liquid level and flow measurements, the specific zero
and full scale values chosen for a channel may have a profound effect on
uncertainties at the process limit or setpoint.

* If the setpoint is near one end of the channel range, the uncertainties may be
large enough that the expected trip action may not occur at all.

* Operator decision points in the lower 20% of a flow channel span may not
be possible because the error is so large as to render the indication
unreliable.

* Errors in elevations, tank dimensions, and flow orifice discharge coefficients
may introduce systematic offset errors that are much more severe than the
random uncertainty effects considered in this guide.

e If the process and environmental conditions assumed by the setpoint
calculation are not the same as those used in the scaling calculation, then the
calculated error may not include all significant error contributors.

4.7.2 Installation

All instruments have certain recommended installation requirements. If not
followed, the installed loop may perform significantly worse than otherwise
expected. Particularly sensitive are the placement requirements of flow orifices
and elbow type flow elements (see Attachment D). The following is a list of
some of the more common installation problems that need to be evaluated for an
uncertainty calculation:

e Flow element piping not straight far enough upstream or downstream;

* Pressure at flow element not stable (pulsation);

* Condensate pots for level or pressure overfill, drain, or move relative to
vessel;
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* Narrow range level transmitters over ranged routinely, due to siphoning of
reference leg;

* Slope of sense lines not constant, either draining or creating vapor traps.
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5. DEFINITIONS AND ABBREVIATIONS

5.1 Definitions

v accuracy - In process instrumentation, degree of conformity of an indicated value to
a recognized accepted standard value, or ideal value [Ref. 6.6].

* accuracy, measured - The maximum positive and negative deviation observed in
testing a device under specified conditions and specified procedure [Ref. 6.6].
Determination of accuracy is illustrated in Figure 9.

* accuracy rating (reference accuracy) - In process instrumentation a number or
quantity that defines a limit that errors will not exceed when a device is used under
specified operating conditions. Reference accuracy is composed of repeatability
(Figure 10), hysteresis (Figure 11), linearity and deadband. If all four components of
accuracy are not measured, accuracy cannot be verified.

Figure 9: Accuracy

NOTE 1: When operating conditions are not specified, reference operating
conditions shall be assumed.
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NOTE 2: As a performance specification, accuracy (or reference accuracy) shall be
assumed to mean accuracy rating of the device, when used at reference
operating conditions.

NOTE 3: Accuracy rating includes the combined effects of conformity, hysteresis,
dead band and repeatability errors. The units being used are to be stated
explicitly. It is preferred that a ± sign precede the number or quantity.
The absence of a sign indicates a + and a - sign. [Ref. 6.6]

* Allowable Value (A P) - A limiting value that the trip setpoint may have when tested
periodically, beyond which appropriate action shall be taken [Ref. 6.5]. For
Vermont Yankee the periodic testing is defined as the calibration. The limiting
value for that the trip setpoint may have for other periodic testing is administratively
controlled.

* Analytical Limit (AL) - Limit of a measured or calculated variable established by the
safety analysis to ensure that a safety limit is not exceeded [Ref. 6.5].

The analytical limit is the process limit as it applies to Class 1 setpoints.NOTE:
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Figure 1: Repeatability

Figure 10: Repeatability
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• as-found - The condition in which a channel, or portion of a channel, is found after a
period of operations and before recalibration (if necessary) [Ref. 6.5].

* as-found tolerance (AF) - The calculated limits of testing uncertainty which apply to
a given instrument or group of instruments, beyond which additional evaluation is
required to determine operability [Sect. 3.8.1].

* as-left - The condition in which a channel, or portion of a channel, is left after
calibration or final setpoint device setpoint verification [Ref. 6.5].

* as-left tolerance - See calibration tolerance

a bias - An uncertainty component that consistently has the same algebraic sign, and is
expressed as an estimated limit of error [Ref. 6.5].

a barometric pressure effect (PB) - The change in the output of a gauge pressure
instrument due to changes in the ambient pressure [Sect. 3.6.0(b)].

* bistable - A device that changes state when a preselected signal value is reached
[Ref. 6.5].

NOTE: As noted in the ISA-RP, as an example of the intended use of this term,
electronic trip units at Vermont Yankee are considered "bistables".

* calibration effect (CE) - The total uncertainty associated with the calibration process,
including MTE, CT, and possibly additional allowances [Sect. 3.6].

* calibrated span (CS) - The algebraic difference between the upper and lower values
of an instrument's calibrated range, which may or may not be equivalent to the
process span.

* calibration tolerance (CT) - The specific "leave as-is zone" or as left acceptance
criteria which apply to the calibration of a given instrument [Sect. 3.6].

* correction - In process instrumentation, the algebraic difference between the ideal
value and the indication of the measured signal. It is the quantity that added
algebraically to the indication gives the ideal value [Ref. 6.6].

* correction, head (HC) - A correction applied to pressure instruments to account for
differences in pressure between the point of measurement and the sensing device
[Sect. 3.9].

I

NOTE: If the head correction is incorporated into the instrument calibration, it is
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not a part of the total loop uncertainty. However, variations in the head
correction, usually due to temperature changes, between calibration
conditions and required operating conditions (normal or accident) are
included as process measurement uncertainty. If the correction is not
accounted for, then it represents a bias.

* dead band (DB) - In process instrumentation, the range through which an input
signal may be varied, upon reversal of direction, without initiating an observable
change in the output signal [Ref 6.6]. See Figure 11 normally considered as a
component of Reference Accuracy.

10% INPUT CHANGE 5t?% INPUT CWANE 100% INPUT CHANGE

(a) HYSTERESIFS

lb) D1AD BAND

1-.
-3

0

Ic) NYSTCERIS PLUS
DEAD IADO

IC,

t

Figure 11: Hysteresis and Dead Band

NOTE: Some instruments, such as transmitters have a
specification called variously sensitivity, backlash, or inertial error, which
represents the minimum input change from the steady state, for a
detectable change in output. For the purposes of this guide, these terms
will be considered a constituent part of deadband, and thus part of
Reference Accuracy.

drift (DR) - An undesired change in output over a period of time where change is
unrelated to the input, environment, or load [Ref 6.5].

* drift, analyzed (DA) - A composite effect derived from statistical analysis of the
measured change in output over the test interval for a group of instruments,
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expressed as a tolerance interval of specified confidence and proportion [Sect. 3.6
and Ref. 6.17].

NOTE: For the purposes of this guide, analyzed drift is considered to include all of
testing uncertainties. [Sect. 3.6].

* effect - A change in output produced by some outside phenomenon, such as elevated
temperature, pressure, humidity, or radiation [Ref. 6.5].

X error - The algebraic difference between the indication and the ideal value of the
measured signal [Ref. 6.5].

* final setpoint device - A component or assembly of components, that provides input
to the process voting logic for actuated equipment [Ref. 6.5].

a humidity effect (HE) - The change in an instrument's input-output relationship due to
variations of ambient humidity in the instrument's environment [Sect. 3.6.0(b)].

a hysteresis - The maximum difference for the same input between the upscale and
downscale output values during a full range traverse in each direction.

* instrument channel - An arrangement of components and modules as required to
generate a single protective action signal when required by a plant condition. A
channel loses its identity where single protective action signals are combined [Ref
6.7].

a instrument loop - A combination of one or more interconnected instruments arranged
to measure or control a process variable or both [Ref. 6.7].

NOTE: The term "instrument loop" is not defined in the ISA-RP or in
ISA S51.1-1979 [Ref. 6.6], in this guide, loop will be used to describe the
entire chain of instruments which effect the uncertainty of a particular
process measurement or derived variable.

* Limiting Safety System Setting (LSSS) - Limiting safety system settings for nuclear
reactors are settings for automatic protective devices related to those variables
having significant safety functions [Ref. 6.5].

* Limiting Setpoint (LSp) - The least conservative setpoint which, allowing for
uncertainty, provides actuation before the measured variable reaches the analytical or
process limit.

* margin (M) - In setpoint determination, an allowance added to the instrument
channel uncertainty. Margin moves the setpoint farther away from the analytical
limit [Ref 6.5].
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* measurement & test equipment effect (MTE) - The inaccuracy introduced into the
calibration process due to the accuracy of the measurement instruments used to
calibrate the channel or device [Sect. 3.6.5].

v module - Any assembly of interconnected 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
(Ref. 6.5].

v module uncertainty (e) - The aggregate uncertainty associated with a specific
module, including random and bias effects [Sect. 3.8].

* nuclear safety related instrumentation - That which is essential to the following:

- Provide emergency reactor shutdown
- Provide containment isolation
- Provide reactor core cooling
- Provide for containment or reactor heat removal, or
- Prevent or mitigate a significant release of radioactive material to the

environment; 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. [Ref. 6.5]

* overpressure effect (PO) - The change in the output of a pressure instrument due to
exposure to pressure outside its calibrated span. This can occur when an instrument
is calibrated to detect pressure variations in a range less than the pressure to which
the instrument is normally exposed [Sect. 3.6.0(c)].

* power supply voltage effect (VE) - The changes in an instrument's output due to
power supply output variations [Sect. 3.6.0(c)].

* primary element accuracy (PE) - .. the accuracy of a component, piece of equipment,
or installation used as a primary element to obtain a given process measurement.
This would include the accuracy of a flow nozzle and/or the accuracy achievable in a
specific flow metering run [Ref. 6.5].
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D process measurement uncertainty (PM) - ... the basis ability to accurately measure
the parameter of concern. This term is not governed by the accuracy of the
instrumentation but by variation in actual process conditions that influence the
measurement. Process influences such as temperature stratification, density
variation, pressure variations, etc., which cause the basic measurement to be
inaccurate, would all be considered in the PM term [Ref 6.5].

* process limit (PL) - A limit on a plant process variable for equipment or site
personnel protection and reliable operation.

* process span (PS) - The variation of the process variable which is detectable or
meaningful to the instrument loop. For example, a flow process might vary from 0
to 100 gpm; however, the range 20-80 gpm is meaningful to the instrument (that is,
it corresponds to the calibrated span of the instrument). In this case the process span
is 20-80 gpm. [Sect. 3.6.0(c)].

* radiation effect (RE) - The change in an instrument's output due to the effects of
ionizing radiation [Sect. 3.6.11].

* random - Describing a variable whose value at a particular future instant cannot be
predicted exactly but can only be estimated by a distribution function [Ref. 6.5].

A range - The region between the limits within which a quantity is measured, received,
or transmitted, expressed by stating the lower and upper range-values [Ref 6.6].

a readability uncertainty (RD) - Uncertainty introduced into the calibration process by
the resolution of the M&TE used or the uncertainty inherent in reading the output
scale of panel indicators or recorders used in process measurement [Sect. 3.6.4].

* safety limit (SL) - A limit on an important process variable that is necessary to
reasonably protect the integrity of physical barriers that guard against the
uncontrolled release of radioactivity [Ref. 6.4].

e seismic/vibratory effect (SE) - The change in an instrument's output due to seismic
activity or local vibration [Sect. ]. The seismic/vibratory term could be used to
account for any uncertainties associated with a safe shutdown or operating basis
earthquake, physical equipment vibration-induced inaccuracies, etc. [Ref. 6.5]

* sensor - The portion of an instrument channel which responds to changes in a
primary element or plant condition and converts the measured process variable into
an electric or pneumatic signal [Ref. 6.5].
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sensitivity - The ratio of the change in output magnitude to the change of the input
which causes it after the steady-state has been reached [Ref. 6.6].

NOTE: This term has often been used to represent the smallest variation in signal
which can be detected by the instrument. In this sense is equivalent to readability or
deadband.

* setpoint tolerance - See calibration tolerance.

* sigma (a) - Symbol for one standard deviation of a random distribution.

* signal conditioning - One or more modules that perform signal conversion,
buffering, isolation, or mathematical operations on the signal as needed [Ref. 6.5].

v static pressure effect (SPX) - The change in the output of a differential pressure
instrument due to calibration at static pressure conditions different from the
operating static pressure [Sect. 3.6.0(c)].

NOTE: The subscript '<x" = C - span Correction, U-correction Uncertainty, or
Z-Zero effect.

* temperature effect (TE) - The change in an instrument's output due to variations of
ambient temperature in the instrument's environment [Sect. 3.6].

* test interval - The elapsed time between the initiation (or successful completion) of
tests on the same sensor, channel, load group, safety group, safety system, or other
specified system or device [Ref. 6.4].

* tolerance interval - The usual notation is Y/P where Y, the confidence level is the
first number to appear and P the proportion, the second number. The notation 95/99
then means a 95 percent confidence that the value will occur within the determined
boundaries 99 percent of the time.

a trip setpoint - A predetermined value for actuation of the final setpoint device to
initiate a protective action [Ref. 6.4].

* 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 [Ref. 6.5 and Sect. 3.3].

m uncertainty, independent - Uncertainty components are independent of each other if
their magnitudes or algebraic signs are not significantly correlated [Ref. 6.5 and
Sect. 3.3].
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5.2 Abbreviations

Listed below are the symbols used to represent commonly used quantities throughout this
design guide. Common formatting guides provide for consistent use of symbols. The
general pattern is to follow the single character symbols for physical phenomena
standardized by ASME, IEEE, and ICRU. Some uncertainties which are dependent only
upon an intrinsic characteristic of an instrument are also single characters. The symbols
for the effects or uncertainties associated with physical phenomena are two characters,
with the symbol of the physical cause followed by a descriptive character which uniquely
identifies the uncertainty. Some of the uncertainties are not related to physical causes,
but to procedural allowances or tolerances. These will generally have the second
character as an "A" or a "'T. The last character of the symbol can indicate the type of
value it represents: A - Allowance, E - Effect, L - limit, R - reading, S-span, T - tolerance,
U - uncertainty, V - value.

Process and Environment Variables

The symbols below are used to represent physical quantities which are more commonly
used in determining instrument uncertainties. The commonly used units are shown in
parentheses. In some cases, two symbols are given for the same quantity. This is
because both symbols are used in common engineering practice and any difference in
meaning is obtained from the context in which they are used.

a - acceleration (multiple of gravitational acceleration, g)
p - density
d, D - diameter (feet, inches)
h - height (feet, inches)
H - Humidity (% relative humidity)
v - Specific volume
P - ratio of d/D (as for a flow measuring device)
I - Electrical current (Amp, mA)
p - pressure (psig, psia, psid)
q, Q - volume flow rate (gpm)
R - Radiation dose rate (mrad/hr, rad/hr)
T - Temperature (OF)
t - time
TID - Total Integrated Dose (rads)
V - Power supply stability (volts) (emf)
w - mass flow rate (lbm/hr, lbm/sec)
Z. z - elevation or height (feet, inches)
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Uncertainties. Corrections. Effects, and Tolerances

Represented below are the various types of uncertainties or effects. There are three
general categories of uncertainties: (I) intrinsic to an instrument, (2) effect as a result of
external factors, and (3) administrative tolerances. There may also be combinations of
uncertainties.

A - Accuracy
CE - Calibration Effect on accuracy
CT - as left Calibration Tolerance
DA - Drift, Analyzed
DR - DRift
pE - density (p) Effect (i.e., as for gas measurements)
e - module uncertainty
EAP - Earliest Actuation Point
AF - As Found tolerance
hC - head Correction
hU - head correction Uncertainty error (e.g., due to density variations)
HE - Humidity Effect
IR - Insulation Resistance current leakage effect
LAP - Latest Actuation Point
LSp - Limiting Setpoint (calculated)
M - Margin allowance
MTE - Measurement & Test equipment Effect
OP - Over-Pressure effect
PB - Pressure effect, Barometric
PM - Process Measurement uncertainty (combined effect of process variations)
RD - Readability, or, resolution
RE - Radiation Effect
RST - Reset
SE - Seismic/vibratory Effect
S.C. - Static Pressure span Correction
SPU - Static Pressure correction Uncertainty
SPz - Static Pressure Zero effect
TE - Temperature Effect
U - general uncertainty for a group of instruments
VE - power supply Voltage Effect
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Miscellaneous

Provided below are some other abbreviations used in this design guide.

BOP - Balance of Plant
DBA - Design Basis Accident
HELB - High Energy Line Break
LOCA - Loss of Coolant Accident
MSLB - Main Steam Line Break
M&TE- Measurement & Test Equipment
NSSS - Nuclear Steam Supplier Systems
OBE - Operating Basis Earthquake
SRSS - Square Root Sum of the Squares
SSE - Safe Shutdown Earthquake
VYNPS- Vermont Yankee Nuclear Power Station

Effect Expressions

Vendor supplied expressions are used to describe the uncertainties and effects given in
Section 4.2.4. The symbols are formed by adding the character "X" to the effect. For
example, TEX - Temperature Effect expression, SPzX - static pressure Zero effect
expression.

Subscripts

There are three groups of subscripts: (1) applicable environmental and boundary
conditions, (2) uncertainty distribution (random or bias), and (3) applicable instrument or
group of instruments.

Environmental

a - accident (defined by specific accident scenario)
p - post-accident, EOP use
n - normal
s - seismic event
t - testing

Uncertainty Distribution

B - Bias
D - Dependent (random)
R - Random (independent)
U - Uniform, random, independent
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Instrument or Group of Instruments

i - represents ith instrument of the loop
j - used with "i", represent the group of instruments from "il to "j"
L - entire loop through to end device. Having no instrument subscripts

can imply the entire loop, using L explicitly states the entire loop.

The process measurement effect is considered the zeroth device.

Superscripts

Only two superscripts are used. They are used to indicate direction of the uncertainty
when needed. The sign convention used by this design guide is the direction of the
output for a given input. For example, an indicator which has an input of 100 psi, but
reads 105 psi has a positive uncertainty, or error, of +5 psi. A shift in the setpoint of a
bistable device has the opposite sign.

n+n _ positive direction
n-n _ negative direction

Symbol Format

For clarity, the order of subscripts is standardized. The order of the subscripts, when
present, is (1) environmental conditions, (2) uncertainty distribution, (3) instrument or
group of instruments. The first two categories of subscripts are letters and the third is
generally numbers. In some cases a multi-character subscript to designate a particular
device is beneficial. In this case, a comma separates the first two categories of subscript
from the instrument subscript. Examples are shown below.

cumi - Normal random uncertainty of the ith device
TEaXmtr - Accident temperature effect on the transmitter
S.C., RI - Random static pressure correction error for the first device
Ao - Accuracy of the zeroth device (primary element)
UnL - Normal uncertainty of the entire loop.
UnI,3 - Total normal uncertainty for devices 1 through 3.
Un"4 - Total loop uncertainty for normal conditions for the channel

ending with device 4 (for cases where there are multiple end
devices within an overall loop).
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Attachment A: Graded Approach to the Determination of Instrument Channel Accuracy

1.0 INTRODUCTION

The Vermont Yankee setpoint methodology was developed and is defined by this standard to
provide the basis, consistent with ANSI/ISA-S67.04-Part I, for the determination of instrument
setpoints, allowable values and instrument loop accuracy. This ISA standard defines the
requirements for establishing and maintaining setpoints for nuclear safety-related
instrumentation. In addition, ISA-RP67.04-Part II provides guidance for implementing
ANSI/ISA-S67.04 and imposes rigorous requirements for instrument uncertainty calculations
and setpoint determination for safety-related instrument setpoints in nuclear power plants.

ISA-RP67.04-Part II recognizes that the historical focus of ANSI/ISA-S67.04 was the class of
setpoints associated with the analytical limits as determined in the accident analysis. The
accident analyses were required to be performed with a high confidence interval. These
Analytical Limits have a traceability to this same high confidence interval and should maintain
this same confidence interval. These setpoints have typically been interpreted as the reactor
protection (RPS) and emergency core cooling systems (ECCS) setpoints. The RPS and ECCS
setpoints are those critical to ensuring that the integrity of the multiple barriers to the release of
fission products are maintained. The Recommended Practice also states that setpoints that are
not part of the safety analysis and are not required to maintain the integrity of the fission product
barriers may not require the same level of rigor or detail as described by the Recommended
Practice. For these non-RPS and non-ECCS setpoints, a graduated or "graded" approach is
appropriate for setpoints that:

* provide anticipatory inputs to the RPS or ECCS functions, but are not credited in the
accident analysis or,

* Support operation of, but not the initiation of, the ECCS setpoints,

* Do not have traceability to a limit bases on a high confidence interval analysis,

* Do not support risk significant components.

ISA draft Technical Report, ISA-dTR67.04.09, "Graded Approaches to Setpoint Determination",
is being prepared to provide further guidance in establishing classification schemes for setpoints
and recommending an approach to translate these classification schemes into a methodology for
determination of instrument loop accuracies and setpoints. The technical report requires that a
"graded methodology" provide a consistent hierarchy of both rigor and conservatism for
classifying, determining and subsequently maintaining setpoints.

This Attachment provides the associated graded methodology for the determination of
instrument loop accuracy at Vermont Yankee nuclear stations. The instrument loop accuracy
may then be used to determine the associated instrument setpoints The Vermont Yankee "graded
methodology" is summarized in Table Al.
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2.0 DETERMINATION OF INSTRUMENT LOOP ACCURACY

2.1 CLASSES OF CONFIDENCE INTERVAL

The confidence interval associated with the calculation enforces a gradation in rigor and
conservatism to the instrument loop accuracy evaluation. Class 1, the highest level of
conservatism, is typically associated with a 95% confidence interval that the setpoint will
provide its intended function prior to limit or limiting condition. Class 2, 3 and 4 provide
decreasing levels of confidence interval by allowing various additions to the methodology used
to calculate and combine errors and uncertainties. At Class 4, the instrument loop accuracy may
not be associated with any clearly identified confidence interval other than experience.

The methodology associated with each level is shown in Table Dl.

3.2 CLASS 1

Calculation of instrument loop accuracy, instrument setpoints and allowable values in Classl
shall use the equations in the design guide. These equations use a 2a confidence interval and
require that determination of instrument loop accuracy always err on the side of conservatism.

Classl setpoints are consistent with ISA S67.04, Part I and ISA RP67.04, Part II. In order to
ensure that protective actions occur 95% of the time with a high degree of confidence before the
analytical limits are reached.

3.3 CLASS 2

Class 2 instrument loop accuracy is calculated using the equations in the design guide with the
following exceptions:

1) Random errors are evaluated at a 90 % confidence interval.
2) Bias errors may be combined using SRSS.
3) Where it can be determined that a setpoint function is only evaluated in a single direction,

either increasing or decreasing, single side of interest confidence levels may be utilized.

3.4 CLASS 3

Class 3 instrument loop accuracy is calculated using the equations in the design guide, the
exceptions in Class2 and the following additional exceptions:

1) Random errors are evaluated at a 75% confidence interval.

2) Uncertainties applicable to the entire instrument channel are used wherever available, e.g.
channel drift and channel temperature uncertainty vs. module/component drift and
module/component temperature uncertainty.
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3) All terms are expected to be approximately normally distributed. Therefore, all terms can
be combined using SRSS.

4) For bistables, the RA term does not require inclusion of the hysteresis/linearity components. Only the RA
uncertainty OR the ST uncertainty, whichever is larger shall be used

3.5 CLASS 4

Class 4 instrument loop accuracy may be calculated using the equations in the design guide and
include the exceptions in Class2 and 3. For calculations associated with Class 4 instrument
loops, the basis for determining the instrument loop accuracy shall be documented.
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7. Table Al. Graded Methodology

CLASS TYPICAL METHO- APPLICABLE
APPLICATION DOLOGY UNCERTAINTY

METHODS
1 Protection 2a + Ze, * Consistent with ISA S67.04, Part I and ISA RP67.04, Part II.

setpoints
ECCS/RPS/ * Ensures protective actions occur 95% of the time with a high degree of

confidence before the analytical limits are reached.

* Random and bias error combination:

Z = +[A 2 + B2 + C2 + (E +

F)2]l2 + (1FJ) + (L) - (M)

Z = resultant uncertainty, combination of random and bias uncertainties

A,B,C = random, independent terms

D,E = random dependent terms (independent of AB and C)

F = abnormally distributed uncertainties and/or bias (unknown sign)

L,M = biases with known sign
2 * EOP operator + Lei * Bias errors combined using SRSS in accordance with ASME PTC 19.1:

action setpoints ei = -4F2 + L2 + M2]./.
* RG 1.97 category where F, L and M are bias errors as shown above

1 and 2 variables

* Single side of interest confidence interval evaluation where the
evaluated setpoint is in a single direction:

Z = 0.468 + Lei

3 * RG 1.97 category ar + Lei * Uncertainties applicable to the entire instrument channel are used
3 variables wherever available, e.g. channel drift and channel temperature

uncertainty vs. module/component drift and module/component
temperature uncertainty.

* Single side of interest confidence interval evaluation where the
evaluated setpoint is in a single direction:

Z = 0.4680 + Zei

* Where all terms are expected to be approximately normally distributed,
the sum is assumed to be approximately distributed for nŽ4:

Z =[n2 + e.?]Y.

* For bistables, the RA term does not require inclusion of the
hysteresis/linearity components, therefore use the RA uncertainty OR
the ST uncertainty, whichever is larger.

4 * Documentation of as appropriate * Engineering Judgment shall be documented
setpoint accuracy
(e.g. non-safety, * Engineering evaluation/conclusions shall be documented
non-tech spec
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compliance)
* Other regulatory * Vendor, Vermont Yankee, or other methodologies may be utilized

related setpoints where appropriate
(consequences of
non-compliance
are deemed
acceptable)

NOTE: The reduction of confidence interval is taken at the total loop uncertainty level. Errors or
allowances for calibration tolerance or M&TE are not reduced for the determination of actual field
settings or for the selection of the M&TE used for the calibration. In the rare case where the algebraic
summation of Setting Tolerances or as-left tolerances is greater than total loop uncertainty, the
summation shall be used to determine the plant setpoint or channel accuracy.
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1. PURPOSE
1.1. Calculation Objectives

1.1.1. This calculation has been developed in support of the Vermont Yankee
Instrument Uncertainty and Setpoints program and covers some set of
instrumentation (Set point Class XX: Nuclear Safety Related). This calculation
is a Major Rewrite of Revision XX and has the following major objectives:[Ref.]

1.1.2. Document the instrument loop functions and the basis for the setpoints associated
with those functions.

1.1.3. Establish the total loop uncertainty for each output function and verify
consistency with the design basis.

1.1.4. Calculate the limiting setpoints.

1.1.5. Evaluate the adequacy of existing Setpoint Administrative Limits.

1.1.6. Provide as-found and as-left tolerances for use in instrument calibration and
functional test procedures. Verify and document process corrections, instrument
scaling, and calibration methods.

1.2. Systems & Components
1.2.1. This calculation applies to the Main Steam Line High Flow/Bypass Flow Trip of

the Nuclear Boiler System. The specific components addressed are listed below
in the equipment summary table.

Table 1- Equipment Summary

Tag No. Location SYS SC Description MFG. Model CWD
Engineering Function not MPAC

=~~~ ~~~~ _= -__I-

1.3. Instrument Loop Function (Abbreviated)

Provided a discussion of the general function of the loop components. This should define
the setpoint functions of indication or alarm function.
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Table 2 - Channel Identification
Isolation Channel A-1 B-I A-2 B-2
Primary Element
Power Supply X X _ _ _

Transmitter
Trip Unit
Relays
Slave Relay _ __ _ __XA =______X
ERFIS Computer Point
Annunciator

Associated Relays

1.3.1. Normal Operations

Provide discussion and references

1.3.2. Accident Conditions
Discussion and references

1.3.3. Post-Accident or EOP Functions
Discussion and references

Table 3 - EQ Matrix Data

Services Location Accident Cat TBN1 Fl Duration
Function I Volume LOCA

BPCI ___ _
RCIC =

RWCU _ X

HHS i =
Function 2 Volume LOCA = =

HPCI __ _
RCIC _ _

RWCU =
HHS

2. METHODS AND ASSUMPTIONS

This calculation has been prepared in accordance with the Governing Procedures and
Programs listed in step 0. Standard methods employed in this calculation are explained
in the "Vermont Yankee Instrument Uncertainty and Setpoints Design Guide". [Ref.]
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2.1. Governing Procedures And Programs
2.1.1. Vermont Yankee Instrument Uncertainty and Setpoints Design Guide, Rev. 0.

[Ref.]
2.1.2. Yankee Nuclear Services Engineering Instruction, WE-103, Rev. 15, Analyses

and Calculations. [Ref.]
2.1.3. Vermont Yankee Engineering Procedure, AP-0017, Rev. 4, Calculations and

Analyses. [Ref.]
2.1.4 Yankee Nuclear Services Engineering Instruction, WE-108, Rev. 5, Computer

Codes. [Ref.]
2.1.5 VYDEP-15, "Calculations,"

AP-0022, Rev. 10 "Setpoint Change Requests"[Ref]

2.2. Criteria
2.2.1. Numerical combination for the calculations of M&TE, Total Loop Uncertainty,

Setpoint determination and other associated values have been calculated using
Microsoft Excel Spreadsheets (Math Soft Mathcad documents). Representative
calculations in Attachment(s) XXXX and YYYY(Microsoft Excel
Spreadsheets/Math Soft Mathcad 6/7Documents) were manually verified using a
hand calculator, in accordance with WE-108, Computer Codes. (Calculations for
M& TE errors from attached spreadsheets must also be verified if differentfrom
M&TE calculation) [Ref]

2.2.2. No errors were found in the manual verification of the calculations performed
with the Software in Attachment(s). Physical evidence of the check (by the
Preparer and to the extent necessary Reviewer) is provided by check marks next
to each verified calculation. Where multiple calculations are generated by coping
cells or formulas selected samples have been verified.

2.2.3. Microsoft Excel (Math soft Mathcad) stores numbers with 15 digits of accuracy,
all calculation outputs displayed within this calculation are rounded from the
values stored by Microsoft Excel. Rounding errors induced by Microsoft Excel
are assumed to be negligible within this calculation. [Ref.]

2.2.4. Computer specifications

PC used for this calculation - Serial No. XXXXXXXX
IBM Pentium 133MHz.
16MB of Ram.
Math co-processor installed.
Running in 386 Enhanced Mode.
Software
Dos Version 6.22.
Windows Version 95.
Microsoft Excel Version 5.0c.

(Be specyjic enough with hardware and software so that if a problem is found it can be traced)
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2.3. Process Corrections and Measurement Uncertainties (PM)/ Primary Element
Accuracy (PE)

2.4. Assumptions

2.4.1. Calibration of instruments is assumed to be at a temperature within the ranges
shown in the following table:

Table 4 - Normal Area Temperatures

Ref. Plant Area Min. X Max.

2.4.2. The temperature variation within a cabinet is assumed to be the same as the
variation of the room in which it is located. The temperature difference between
the room and the cabinet is therefore constant. Calibration data is collected with
the equipment at the operating temperature of the cabinet. (Ref.]

2.4.3. At Vermont Yankee, environmentally qualified instrumentation have been
evaluated for IR loss in VYC-700, Post-Accident Insulation Resistance Effects on
the Accuracy of Selected Environmentally Qualified Instrumentation, where the
IR effects were found to be negligible. For the purposes of this calculation, the IR
effects on channel accuracy will be assumed to be negligible. [Ref.]

2.4.4. For Custom Technical Specifications, the Technical Specification value is
assumed based upon the normal/seismic conditions. There are no harsh
environment conditions for this service. [Step 0]

2.4.5. Current calibration practice is to perform a nine point calibration of the
Transmitter. Previously calibrations were performed in a single direction using
only three cardinal points. This method of calibration did not verify that the
linearity, repeatability and hysteresis of the transmitter were within the
performance specifications. Therefore, in accordance with section 3.6.2.A of
"Vermont Yankee Instrument Uncertainty and Setpoint Design Guide",
calibration effect is determined by the relation CE=CT+A. Once the current
calibration method has verified transmitter performance the calibration effect may
be revised to CE = CT. [Ref.]

2.4.6. The overall Analyzed Drift (DA) term tends to account for Reference Accuracy,
M&TE errors, and for normal environmental effects, including temperature (a
20'F variation is assumed in the calibration process), radiation, power supply
voltage variations, humidity and barometric pressure. The drift information for
XXXX is based on drift calculation VYC-XXXX where DA terms are provided
for the instruments. [Ref.]

2.4.7. The effects of radiation are taken for normal conditions only since there is no
consideration of radiation effects during HELB and for LOCA, the RPS trip
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occurs prior to the harsh environment. For normal conditions, it is assumed that
the DA term includes the normal radiation effects. [Assumption]

2.4.8. It is assumed that the M&TE components will be limited to those devices, which
support the QA requirement that M&TE accuracy is better than or equal to the
accuracy of the device being calibrated. Errors associated with M&TE are
assumed to be accounted for in the DA term for those devices which are contained
in the drift analysis calculations. [Ref.]

2.4.9. The analyzed drift value for the calibration points for these instruments. The
following considerations apply in the assumption of this value. [Ref.]
The analyzed drift shows an increasing (decreasing, no) trend. The significance at
the 95% level of the slope is greater than 0.05 (State specific valuesfor point or
points of interest), thus there are no strong time dependent characteristics. The
ADR values at XXX% have been used. The current plant setpoint is set at
XXXX (XXX% of Calibrated Span) [Ref.]
From review of the drift analysis and the scatter plots, the data is bounded by a
normal distribution with no evidence of time dependency. The value provided for
512 days is assumed for the 684 day operating cycle. Since the absolute value of
the mean (State specific value) does not exceed the maximum value of non-biased
mean at a standard deviation of greater than 0.1 (State specific value) and 0.5
(State specific value), the presence of bias is assumed to be negligible and the DA
term can be used without bias correction. [Ref.]

With a calibration frequency of once per cycle, the following equation is used for the DA:[Assumption 2.

DAopr.vg ck =, DAsI2 Days = DA4sDq s = DAwU ts, No indication of time dependence)

lRef.Z
DAOperadn Cycl =DA68Days .JIPAiz 2 *(6 8 4 / 5 12 ))12 (slikht indication of time
dependence)
DA oerenticc Cve = DA 68 Days- DA 12rs *684/512 (indication of time
dependence)

2.4.10 The calibration interval is assumed to occur once during each operating cycle (18
months + 25% or 22.5 months).

2.4.11 For gauge pressure instruments, static pressure zero (SPZ) and span (SPC) effects
do not apply. Overpressure effect (PO) may be neglected if the transmitter is not
subjected to more than its maximum calibration design pressure. Any uncertainty
due to high pressure is part of the specified accuracy since the purpose of the
transmitter is to measure that pressure. No device downstream of the transmitter
or primary element is exposed to the process [Ref. "Instrument Uncertainty and
Setpoints Design Guide," Vermont Yankee,].

2.4.12 Barometric pressure variation (PB) does not affect electronic components. Only
gauge pressure devices are effected by barometric pressure variations [Ref.
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"Instrument Uncertainty and Setpoints Design Guide," Vermont Yankee,]].
NOTE: However, absolute pressure devices may have an additional M&TE error
if the calibration method is affected by changes in barometric pressure.

2.4.13 Accuracy is not considered for digital signals. The only way to change the
accuracy of a digital signal is to lose a bit. If the signal is a simple "on-off", then
the error is either 0% or 100%, with no intermediate values. If the signal is a
computer input coming from an analog-to-digital converter, and given that the
A/D converter is operating properly, any computer hardware malfunction will
cause the program to halt, leading to a loss of output. This means that the
uncertainty of computer displays is the same as the uncertainty of the output from
the corresponding analog-to-digital converter combined with any uncertainty
introduced by the software [Ref. 4.1]. Note: signal sampling rate, word size (8
bit, 16 bit etc) can affect the precision of the digital signal at the time of interest.
These errors (generally small) must be considered when establishing computer
point error.

2.4.14 Radiation effects are not applicable to devices receiving less than 104 rads TID
over 40 years and vendor information is not needed for such devices. A TID of
104 rads over 40 years corresponds to 470 rads over a 18-month (+25% = 22.5
mo.) calibration interval. Therefore, any dose less than or equal to 1000 rads for a
calibration interval less than 45 mo. will also have negligible effect. The dose rate
is not significant at these levels [Ref. "Instrument Uncertainty and Setpoints
Design Guide," Vermont Yankee,]].

2.4.15 Operator decision points have been rounded conservatively to the next division
marking for operators convince. [Ref. 4.1] When choosing an operator decision
point, readability (RD) of indicators and recorders may be accounted for by
choosing some point which is on a division (mark) more conservative than the
limiting operator decision point (LSp). This way an operator can readily
determine whether he meets the operator decision point. For general information
about what is the uncertainty of a reading, readability is to be included as is done
for other effects [Ref. "Instrument Uncertainty and Setpoints Design Guide,"
Vermont Yankee,].

2.4.16 Drift values derived from plant testing data in accordance with the Drift Analysis
Design Guide are assumed to include the following effects for normal conditions:

* Drift (DR)
* Temperature Effect (TE) (Note: Calibration Delta T only)
* Readability (RD)
* M&TE Uncertainty (MTE)
* Barometric Pressure Effect (PB)
* Power Supply Voltage Effect (VE)
* Humidity Effect (HE)
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* Radiation Effect (RE)

2.4.17 Values of uncertainty to be applied when evaluating EOP decision points are
calculated in accordance with a best estimate combination of temperature,
pressure, and radiation dose. This approach is based on the realization that
excessive conservatism may lead to faulty decisions with consequences just as
severe as those resulting from overly optimistic margin assumptions. The EOP
harsh environment assumed for this calculation corresponds to 90% of the
pressure, temperature and radiation at 30 minutes into the appropriate limiting
Design Basis Accident shown in Attachment B of the VY Environmental
Qualification Manual [Ref "Vermont Yankee Environmental Qualification
Program Manual," Rev. 36.].

(NOTE: any unverified assumption Cie. drift is equal to Reference accuracy) must be
independently supported andJustified or have reference to a program which will verify
the assumption and revise the calculation should the assumption proved incorrect)

3. INPUT data

Data used to calculate loop uncertainties, process corrections, setpoints, and decision points are
tabulated below with the applicable reference or basis and assumptions

3.1 Process and Loop Data

Presented below are the input values required to calculate the process measurement
uncertainty and those parameters such as calibration frequency which are common to all
loop components.
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Table 5 - Process/Loop Inputs

Basis Description | Data

Ref. Design Infornmaion
Ref. Technical Specification Limits
Ref. Analytical Limit ITS
Ref. Reference Elevation

Process Tap Elevation
Primary Containment Penetration
Elevation

Ref. Calibration Interval- CTS
Ref. Calibration Interval- ITS
Ref. Functional Test Interval-CTS
Ref. Functional Test Interval-ITS

3.2 - Environmental Conditions

The following information provides the limiting environmental conditions expected for
each loop instrument and the plant spaces traversed by the instrument sensing lines. The
loop instruments, excluding the flow elements, are located outside the drywell in Volume
43. The flow elements are located upstream of the inboard MSIV's within the drywell.

Table 6 - Environmental Input Data

Basis Description I Data

I r
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3.3 Primary Element (el) Data

Table 7 - Primary Element Input Data

Basis Description Data
Make
Part Number '
Discharge Coefficient
Reference Temperature
Reference Pressure (P1)
Fluid Density at Ref. Temp. &
Pressure
Rated Accuracy (RA)
Throat Diameter ID (d)
Pipe Diameter ID (D)
Maximum Flow
Maximum Pressure

Full Meter Flow
Full Meter Pressure
Rated Flow
Rated Pressure

Example primary element tables for flow elements revise or delete as necessary for

Example primary element tables for flow elements revise or delete as necessary for
specific primary elements.

3.4 Power Supplies Data (e2)

Table 8 - Power Supply Input Data

Reference Description Data

Make/Model
Output supply voltage
Combined Source and Load Effect

. (RA)
Temperature Effect (TE)
Seismic Effect (Evaluated)4 (SE)
Calibration Tolerance (CT) I

Revise or remove as necessary.
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Table 9 - Transmitter (Switch) Input Data

Basis Description [ Data
Make/Model
Calibration span (CS)
Upper Range Limit (URL)
Calibrated output span
Accuracy rating (RA)
Power Supply Effect (VE)
Deadband (DB)
Rated drift (DR)
Rated temperature effect
Rated seismic effect (SE)
Rated static pressure zero effect

Rated static pressure span correction
(SPC)
Rated static pressure span correction
uncertainty (SPU)
Radiation effect (RE)
Calibration tolerance (CT)
Analyzed drift (DA) @ 0%
Analyzed drift (DA) @ 50%
Analyzed drift (DA) @ 100%



Vermont Yankee
INSTRUMENT UNCERTAINTY
AND SETPOINTS DESIGN GUIDE

3.6 Trip Unit Data (e 4)

Revision 1 ( February 5, 2000)
Appendix D/Attachment B

Page 15 of 26

Table 10 - Trip Unit Input Data

Basis Description Data
Make/Model
Calibration span (CS)
Repeatability Normal Temperature (60-901F)
(RAt)

Repeatability High Temperature (40-1041F)
___(R~(Ae)_ _ _ _

Analog Out Normal Temperature (60-901F)
(RAt)
Analog Out High Temperature (40-1041F)
(RA.)
Seismic Effect (SE)

Temperature Effect (TE)
High Gross Failure Setpoint (For Information
Only)
Low Gross Failure Setpoint (For Information
Only)
Current Trip Setpoint
Current Calibration Tolerance
Calibration Tolerance Recommended (CT)
Analyzed Drift (DA)

Expand sections as necessary for total number of loop
should have a table describing attributes.

devices each loop component
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3.7 Calibration M&TE input data

Table 11- Calibration M&TE Input Data

4. CALCULATION DETAIL

The detailed calculation of the primary element, process measurement uncertainties, module
uncertainties and loop uncertainties has been done using Microsoft Excel Version 5.Oc (See
section 2.2 for verification) and is documented as Attachments xx, xx & xx. For detail of the
values presented in the body of this calculation, refer to the attachments listed. [Attachments]

5. RESULTS AND CONCLUSIONS

5.1. Process Measurement Uncertainties (PM - eo)

5.2. Primary Element Uncertainties (PE - el)

5.3. Loop Module Uncertainties

The module uncertainties were calculated in Attachment 4 using Microsoft Excel, the results are
listed below. For full details refer to Attachment XX.

[Att., Ref.]

Table 12 - Loop Module Uncertainties
Module Uncertainties °re Normal Nml Nml Seismic Seismic Seismic

(As Founds) Random (+) Bias (-) Bias Random (+) Bias (-) Bias
(PM)-eco__ __ _ _

(PE) - e_
Power Supply - em

Transmitter/Switch - e3 __

ri Unit - e4 Monthly
Trip Unit- e4 Quarterly
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5.4. Loop Channel Uncertainties

5.4.1. The channel uncertainties were calculated in Attachment XX using Microsoft
Excel, the results are listed below.
For details, refer to Attachment XX. [Att. X, Ref.]

Table 13 - Loop Channel Uncertainties

I Channel Nml (+) Nml (+) Nml (-) NmI (-) Seismic (+) Seismic (+) Seismic (-) Seismic (-)
Uncertainties Bias % Bias psid Bias % Bias psid Bias % Bias psid Bias % Bias psid
SeT~int I

5.5. Setpoint Determinations

Results are presented below for the Limiting Setpoint (LSp), Allowable Value (AV), and
the Technical Specifications Limit. Also calculated is the Acceptance Value (ACV) by
algebraically adding the as-found tolerances for the loop devices to the existing setpoints.
The calculation of this value and the margin from Allowable Value (AV) ensures that the
Allowable Value (AV) will not be exceeded during surveillance. All the available
margins are shown below. The current setpoint of XXXX will (will not) support the CTS
and ITS limits. [Att. 5]

Table 14 - Setpoint Results
Hi Flow Setpoint Values CTS ITS I

PROCESS OUTPUT I PROCESS OUTPUT
Analytical Limit (AL) -I
Allowable Value (AV)
rLU Testing (e3T.2 + e4T.Z)--

ACV (e3T.9 + e4Tt)

ILU Seismic
Technical Specification Limit (TS)
Limiting Setpoint (LSp)
Additional Margin LSp to Stpt (MI)
Current Setpoint
Proposed ITS Setpoint -

Margin Setpoint to Normal (M2)
Normal Operating Value

The results of Table 19 are presented graphically in Figures 1 & 2.

(MI) is the margin from the current or ITS proposed setpoint to the Limiting Setpoint (LSp - Stpt).

(M2) is the margin from the current or ITS proposed setpoint to the Normal Operating Value including the
TLU Seismic (Stpt - (Norm Op Value + Abs Value TLU Seismic).
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5.6 Graphical Representation of the CTS Setpoint
FiVgure 1 - Setpoint (Current Technical Specifications)
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5.7 Graphical Representation of the ITS Setpoint
Figure 2 - Setpoint (Improved Technical Specifications)
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5.8 Calibration and Test Results

5.8.1 In order to support and implement the results of this calculation, the loop instruments are
to be calibrated according to the following tables:

Table 15 - Calibration Setpoint and Ranges
Description [Value (Process Units) Value (calibration Units)
Transmitter Input Range
Transmitter Output Range
Trip Unit Setpoint (CTS) _
Trip Unit Setpoint (ITS)

5.8.2 Test As Found (AF) and As Left (AL) Tolerances (CT) are shown below:

Table 16 - Calibration Tolerances

Module AF & AL Tolerances Tags As Found As Left
(Power Supply) - e2
Transmitter Process
Transmitter Electronic
Trip Unit - Monthly _ _

Trip Unit - Quarterly
Slave Trip Unit - Monthly
Slave Trin Unit - Quarterly

5.9 Conclusions and Summary of Recommendations

5.10 VYPP-15 Impact Considerations

VYPP-15 Section 2.1 [Ref XXX] requires that applicable alarm responses, standard and
off normal operating procedures, and EOPs be included in the evaluation. This
calculation will evaluate the accuracy of loop components, including indicators and
recorders where applicable. The accuracy determined by this calculation will be used as
an input for generic evaluations for alarm response, operating procedure, off normal
operating procedure, and EOP impact. The interdepartmental review will also ensure
associated procedures or operator interfaces are considered as an output of this
calculation. Therefore, this calculation adequately addresses the impact to the License
and Design bases of the plant as well as the impact to plant procedure and operations.
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The following has been considered and is either addressed in this analysis or via the
Interdepartmental review process:

FSAR changes
Technical Specifications (Custom & Improved Technical Specifications)
Procedures
Technical Programs
Prints
Related Design Basis Calculations (input/output)
Design Basis Documents

Based on the above, all impact considerations of VYPP-15 are addressed.

6. REFERENCES
NOTE: It is necessary to provide selected pages of various references as attachments.

References which are included in their entirety as attachments are not listed in the
reference section.

6.47 General References

6.48 Procedures

6A9 Calculations and Bases

6.3.1 VYC-1758 Rev. 0 "Measuring and Test Equipment Uncertainty Calculation"

6.4 Drawings

6.5 Vendor Data
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VY Independent Review Check List.
CALCULATION BODY REVIEWS

Cover Sheet
Cover sheet is most current WE-103 form.

Revision Level is appropriate and reflected in the calculation signature block and page numbering at top.

Title is appropriate for the calculation.

Data for RMS is populated with as few pointers like "See Section 6" as possible.

Keywords are reasonable for calculation and match keyword thesaurus.

Table of Contents
Page numbers coincide with paragraph numbering
Tables and figures are listed
Attachments are listed with appropriate descriptive titles

Revision Sheet
Revision description is adequate for changes made to existing calculation

Calculation Text
Calculation paragraph numbering is sequential

Spelling errors are minimized (Spell Check Performed?)

Margins are at least 1/2" wide, left margin must be V2" to rev. bars

Font size is at least 10 point

Shading is not acceptable

Links to references are made within the body of the calculation (preferably shown near right margin)

Footer shows "Vermont Yankee Design Engineering" and "Page x of xx"

Header shows calculation title (abbreviated if necessary), calculation number and revision level

Tables contain appropriate information with links to references

Footnotes are clear and font size is at least 10 point

Data obtained from spread sheet attachments is accurately transferred and checked

PP-7007 form is accurately completed

Purpose
Objectives meet the requirements of the Design Guide

Setpoint Classification is provided with justification

Equipment Table includes Tag #, System, Safety Class, Engineering Function
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(NOT THE MPAC DESCRIPTION), Manufacturer, Model, Input, Output and CWD

Instrument loop function is accurate for all conditions

Loop diagram is provided as attachment

Method of Solution
Governing procedures and programs are listed and linked to references
Computer specifications and software is listed
Explanation of spread sheets is included for rounding errors
Discussion of manual verification of spread sheets is included
Explanation of uncertainty terms are provided (either in calc text or attachment)

Inputs and Assumptions
Environmental Data is clear (Location, Min and Max Parameters from EQ Manual or Design Guide)

Assumptions are clear and defendable with references provided

Component tables provide all data required for the calculation with references

Technical Specification values and calibration intervals are listed (Contact J. Lewis as necessary)

Improved Technical Specification calibration interval is listed (Contact J. Lewis as necessary)

Current plant calibration values and intervals are listed (Contact J. Lewis as necessary)

Analytic Limit is supported by reference

Normal Operation values are supported by reference
Calculation Detail
Results 4 Conclusions

VYPP-1 5 Criteria section provided
Table provided for:

Device uncertainties provide uncertainty term (el) and values in %CS and calibration or field units.

Loop uncertainties in %CS and calibration or field units except for non-linear
Devices where final values shall be displayed as 1% of point of interest or field units.

MTE uncertainties with acceptable options from MTE inventory is listed (VY MTE Tag numbers
should not be listed, just Manuf/Model/Range).

Necessary values to populate the PP-7007 form (ALAV,LSp,SetpointNorm Operation, etc.).

Table for comparison of existing setpoint, CTS setpoint and ITS setpoint.

All values required to populate a setpoint change request should be present within the calculation text.

Required values for SCR:
Present Setpoint
New Setpoint
Device Uncertainties
Loop Uncertainties
Model Number
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Manufacturers Accuracy
Technical Specification
LSp
Correction Factors (head, etc.)

Requirements shall be worded strongly enough to convey importance.

Recommendations should provide upside and downside of non-compliance.

Graphical representation of setpoint relationship should be provided for end user being careful not to provide too m
as to make confusing.

References
References to current rev. level
All references required are listed

Attachments
Provide number of pages in Attachment

LOOP DIAGRAM
Preferred as Attachment I
Shown in sufficient detail to understand function of loop

ERFIS DATA TRENDS
A good visual tool is to provide trends from ERFIS data for applicable parameters

CALCULATION ATTACHMENT SPREADSHEETS
Uncertainty terms are defined - Pressure Transmitter (PT) = el
Equations are shown and all terms defined
Bias terms are applied appropriately
Manual verification has been performed and indicated as such
Values are carried forward as necessary to provide for easy reviews
Significant digits displayed are reproducible with hand calculator - Experience with Excel requires 4.

UNDER NO CIRCUMSTANCES WILL MATH ERRORS BE TOLERATED!!!!!! - These are accuracy calculations.

Final values shall be displayed in TICS and calibration or field units except for non-linear devices
Where final values shall be displayed as % of point of interest or field units.

Assumptions within spreadsheets are listed in calculation Assumptions Section and referenced back.

REFERENCE ATTACHMENTS
Attachments should include references not easily retrievable (memos, telecons, vendor data, etc.)
Copies should be the best available for reproduction.

Attachments are numbered VYC -XXXX Attachment X Page X of XX and title, or provided stamp is used.
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Normal Operation values arc supported by reference
Calculation Detail
Results & Conclusions

VYPP-15 Criteia section provided
Table provided for:

Device uncertainties provide uncertainty term (el) and values in %CS and calibration
or field units.

Loop uncertainties in %CS and calibration or field units except for non-linear
Devices where final values shall be displayed as 1% of point of interest or field units.

MIE uncertainties with acceptable options from MlE inventory is listed (VY MME
Tag numbers should not be listed, just ManuV/Model/Range).

Necessary values to populate the PP-7007 form (ALAVLSpSetpointNorm
Operation, etc.).

Table for comparison of existing setpoint, CTS setpoint and ITS setpoint.

All values required to populate a setpoint change request should be present within the
calculation text.

Required values for SCR:
Present Setpoint
New Setpoint
Device Uncertainties
Loop Uncertainties
Model Number
Manufacturers Accuracy
Technical Specification
LSp
Correction Factors (head, etc.)

Requirements shall be worded strongly enough to convey importance.

Recommendations should provide upside and downside of non-compliance.

Graphical representation of setpoint relationship should be provided for end user being
careful not to provide too much as to make confusing.

References
References to current rev. level
All references required are listed

I
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Attachments
Provide number of pages in Attachment

LOOP DIAGRAM
Preferred as Attachment 1
Shown in sufficient detail to understand function of loop

ERFIS DATA TRENDS
A good visual tool is to provide trends from ERFIS data for applicable parameters

CALCULATION ATTACHNMENT SPREADSEEETS
Uncertainty terms are defined - Pressure Transmitter (PT) = el
Equations are shown and all terms defined
Bias terms are applied appropriately
Manual verification has been performed and indicated as such
Values are carried forward as necessary to provide for easy reviews
Significant digits displayed are reproducible with hand calculator - Experience with Excel requires
4.

UNDER NO CIRCUMSTANCES WILL MATE ERRORS BE TOLERATED!! !!! - These are
accuracy calculations.

Fmal values shall be displayed in %CS and calibration or field units except for non-linear devices
Where final values shall be displayed as % of point of interest or field units.

Assumptions within spreadsheets are listed in calculation Assumptions Section and referenced back.

REFENCE ATTACHMENTS
Attachments should include references not easily retrievable (memos, telecons, vendor data, etc.)
Copies should be the best available for reproduction.

Attachments a numbered VYC -XXXX Attachme~t X Page X of XX and tidle, or provided stamp
is used

I
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Attachment C: Process Corrections and Measurement Uncertainty

Discussion of corrections to limits or setpoints involves three locations. The first is the location where
the process variable must be controlled. In some cases, such as those where flow is the significant
process variable, the process variable is the same for a wide range of locations. In other cases, the
process variable may vary continuously, but be of direct interest at only one point; for example, at the
suction of a pump to insure minimum pressure to prevent cavitation. The second important location is
the point of measurement. This is the location where the significant process variable is sensed. In the
case of a flow variable, it is where the flow rate may be converted to a pressure difference. In the case
of pressure measurement, it is the location of the taps to the process. The third important location is the
instrument location. Differences between any of these three can cause differences in where a setpoint
should be set.

Differences between the point of concern and the point of measurement and represent a change in the
value of the limit or zero point of the measured variable. That is the process limit at the point of concern
is translated to the point of measurement, and any appropriate adjustment in its value is made during the
translation. If there are variations in the adjustment due to changes in process conditions, the most
common or usable adjustment is used, and the variations around that adjustment are considered as
process uncertainties.

Differences between the point of measurement and the instrument location generally will cause an
adjustment to the final setpoint. This can either be by means of a change in the value of the setpoint or
by changing the zero point of the instrument scale so the adjustment is considered but is calibrated out.
The most common example of this is a head correction to account for pressure differences between the
point of measurement and the location of the instrument. Elevation differences and density of the fluid
cause the pressure differences. The most common or usable pressure difference is used as the head
correction itself. Variations in the setpoint adjustment can occur if there are variations in conditions in
the instrument tubing from the point of measurement to the instrument location. For example,
environmental temperature around the instrument tubing can change which will cause a change in the
density of the fluid in the tubing. The variation in density will cause a variation in the head correction
that should be made.

In the case of switches connected directly to the process, to compensate for the head correction itself or
for uncertainties in that correction, the setpoint will have to be shifted.

1. STATIC PRESSURE EFFECTS (SPc)

1.1 Static Pressure Span Correction (SPC)

Exposure of an instrument to process static pressure may affect its span. Generally, this
effect is a bias, directly dependent on pressure. This effect can be accounted for by
calibrating the instrument at the operating pressure or by using a correction factor to
compensate the calibration.
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If the static pressure is not calibrated out, or if significant operation occurs at a pressure
different than that for which it was calibrated, the static pressure effect should be
included.

An example of this is where a transmitter provides input to both a trip unit and an
indicator. The indicator is used during normal operation, and therefore, the pressure used
for correction is the normal operations pressure. However, the switch is required during
an accident condition that has a different pressure (higher or lower). There is a bias error
caused by the difference between the calibration pressure (normal operations) and the
accident pressure. This error should be considered in the setpoint calculation.

The static pressure span effect has both random and bias parts. The bias portion can be
calibrated out by following the vendor instructions. There is an uncertainty of the bias
term given by the random correction error term. If the adjustment is not made to the
instrument, then the bias error should be used in the uncertainty analysis. Note that the
sign of the correction is opposite that of the error that results if the correction is not made.

For Rosemount transmitters (models 1151, 1152, 1153), static pressure span correction is
calculated as follows:

-SPc=SPXc ( P 1)

where,
-SPc = static pressure correction in % of input differential pressure ( p),
SPXc = vendor's static pressure expression in % of input p per 1000 psi
pop = operating static pressure

mAiw= mAri + r-SPC dpinin spin
dpsp.n

mAmax~cai = mfAma, + (- spc dp,.. pa

dp pa

where,
mAmi, ,al = corrected output mA at instrument zero (minimum output)
mAin = nominal output mA at instrument zero (minimum output)
mA,,, ax >,1 = corrected output mA at full scale (minimum output)
mAmax = nominal output mA at full scale (minimum output)
dpmin = differential pressure at instrument zero (minimum input)
dpmu = differential pressure at instrument full scale (maximum input)
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NOTE: Liquid level measurements with Rosemount transmitters are typically designed
so that the reference leg is connected to the low (L) side of the transmitter. As
used in the preceding formula, minimum input is then at a negative pressure,
zero (pressure) is elevated, and the output (mA) increases with increasing level.

Example

A reactor level transmitter, Rosemount 1152, range code 4, has an input range of
-112.8 inWC to -42.3 inWC (70.5 inWC span), for a nominal 4 - 20 mA output (16 mA
span). The maximum static pressure is 1068 psia:

SPXC
Pop

- +0.87% input p per 1000 psi (from vendor manual)
= 1068 psia

-SPc=SPXc pa 0 = 0-87 (1068 -0.929%
1000) 1000)

mAminCal = mAlin + (- SPcdpi A span = 4 + '( 0.929%x- 112.8 A16=3.762mA

70.5

mAmaxcal = NAmax + - SPc dp.. span = 20+ 0.929% x-42.3
dpo1 a 70.5

)x16 = 19.911 mA

If the correction is not applied to the calibration, then the resulting error is:

SPc(zero) ( 3.762-4 )100149%CS

SPc (span) - (19.91120 J*100=0.56%CS

Note: 1) VY does not normally correct for static pressure during the
calibration process. 2) Use care when determining the actual operating
pressure range for the specific application, it could be non-conservative to
include the static pressure correction error if critical operations are at low-
pressure conditions.
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1.2 Static Pressure Span Correction Uncertainty (SPu)

When a correction is made to an instrument's calibration by using a vendor supplied
expression, there is an additional uncertainty due to the uncertainty of the vendor
expression used to correct for static pressure. This is, in effect, the random variation
around the bias, which occur during testing to determine the vendor correction
expression. If the instrument is calibrated at the pressure at which it must later operate,
there is no need to include this uncertainty. In that case, the instrument has been adjusted
for that particular pressure in that particular installation and the vendor expression was
not used. VY typically does not calibrate out the static pressure span effect.

1.3 Static Pressure Zero Effect (SPz)

Static pressure zero effect is the shift of the zero point of the calibrated scale due to
operation at a process pressure different than the pressure at which the instrument was
calibrated. The effect is generally not predictable between instruments so an expression
cannot be used to correct for the difference in pressures. However, for a particular
instrument the effect can be eliminated by calibrating at the desired operating pressure
and adjusting the zero. A correction factor may also be shop determined, as defined in
the Rosemount manuals, and applied to the field calibration. VY typically does not
calibrate out the static pressure span effect.

1.4 Overpressure Effect (SPo)

Over pressure effects should be considered when an instrument is operated outside of its
normal operating limit. The normal operating limit is not the same as the design limit.
Example: a transmitter may have an operating limit of 2000 psi, but its design limit may
be 4500 psi. The effects above 2000 psi must be considered. For differential pressure
instruments, there may be two operating limits, one for high static line (common mode)
pressure and another for differential pressures. For Rosemount transmitters the
overpressure rating applies to any differential pressure above the Upper Range Limit
(URL).

2. LINE PRESSURE LOSS EFFECTS

2.1 Adjustment to Process Limit

The flow of liquids and gases through piping causes a drop in pressure from Point A to
Point B (see Figure 1) due to fluid friction. Many factors are involved, including length
of piping, diameter of piping, fluid viscosity, fluid velocity, etc. If, for setpoint
calculation purposes, the setpoint is based on pressure at a point in the system that is
different from the point of measurement, the pressure difference effect between those
points must be considered.
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This is most effectively done by transferring the limit from the point of concern to the
point of measurement. In Figure 1 Point A is the point of concern and Point B is the
point of measurement.

Figure 1: Pressure Drop

For this example, protective action must be taken before the pressure at Point A exceeds
the process limit (PL) of 1500 psig. Therefore, the pressure switch setpoint must be
below the process limit by at least the total loop uncertainty; in this example assumed to
be 10 psi. The setpoint must also account for the pressure loss of 30 psi between Points
A and B. For this example no other adjustments, such as those due to elevation
differences in the instrument tubing, are considered significant.

The pressure drop between Points A and B are accounted for by transferring the limit at
the point of concern to the point of measurement and adding the appropriate pressure
change.

PLmeas = PLeoncern + A P = 1500 + (-30) = 1470 psig

The channel equipment errors are then subtracted from the PL at the point of
measurement.

If the change in pressure had not been considered, the setpoint would have been 1490
psig ( = 1500 -10). With a setpoint of 1490 psig at Point B, the pressure at Point A when
the switch trips at its nominal value would be 1520 psig. This exceeds the process limit
and is a non-conservative result. The pressure change must be considered to obtain a
setpoint that properly protects the process limit.
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In some cases, the point of measurement is upstream from the point of concern. For
example, a switch is upstream of a pump that is intended to protect the pump from low
suction pressure. The pressure rise from point of concern (suction) to the point of
measurement ( P > 0 ) must also be added to the limit at the point of concern to prevent a
non-conservative setpoint. In this case, the change was a pressure rise rather than a drop,
but the process decreased to the limit rather than increased. The result was the same in
that the effect of the pressure change in the process piping must be considered to properly
protect the process limit.

There are cases where neglecting the pressure change results in an overly conservative
rather than non-conservative setpoint, and may interfere with normal plant operations.

Note that the line losses are bias terms. The effect must be added or subtracted from the
process limit, depending on the particular circumstances.

2.2 Uncertainty Due to Line Pressure Loss Effects

In Section 2.1, the pressure drop was assumed to be 30 psi. This was due to frictional
losses between Points A and B. Frictional losses are very dependent upon flow rate, and
somewhat dependent upon the fluid density. The general relation between density, flow
rate, and pressure drop can be expressed as:

AP=pKQ;

The relative change in the pressure drop can be approximated from the relation:

APA-APBPAQA-PBQB PAQA. p BQt BPAQA

APB PBQB PBQB PBQB PBQB

If the 30 psi pressure drop was determined for a temperature of 1000F
(= 61.996 lbm/ft3) and 10,000 gpm, the relative pressure drop for 300'F (= 57.307
lbml/ft3) and 8,000 gpm is:

A PA - A PB 57.307(8000)_ 1 = 025921-1 40.8%

A PB 61.996(10000)2

30 psi - (40.8%*30 psi) = 17.76 psi

The relative change is 40.8% and the new pressure drop is 17.76 psi. This change
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represents a possible uncertainty in the process correction and should be included as part
of the process measurement uncertainty, PM. In determining the pressure variation for a
given system, the flow equations for that system should be used rather than the
approximations used in this example. Generally, Darcy's formula can be used to
determine head loss in a piping system.

DP p*f *L*v2

144*D*2*g

Where:

DPn = pressure change in psi
p = Fluid Density
f = Friction factor
Vn = Mean velocity of flow, in feet per second
L = Length of Pipe in feet
D = Internal Diameter of pipe, in feet
g = Acceleration of gravity.

Once the initial head loss has been determined, most of the equation can be assumed to
be unchanged for conditional changes. The friction factor which is based on the
Reynolds number for laminar flow and the Reynolds number and relative pipe roughness
for turbulent flow, the density and the mean velocity of flow can be assumed as the only
variables for changing flow conditions or evaluating measurement errors.

3. HEAD CORRECTION

Head correction is an adjustment made to the setpoint or transmitter zero to account for elevation
differences between the instrument location and the location where the process is sensed, the
point of measurement. This is most commonly of concern for pressure or level measurements.
The adjustment is to either change the setpoint by amount of the head correction or to calibrate
out the head correction so the zero point of the scale has been shifted to correspond to zero at the
point of measurement. When the adjustment is determined, an elevation difference and density
are used. The density may vary during normal operations or during an accident, most commonly
due to temperature variations in the environment around the instrument tubing. The variation in
density causes an uncertainty in the head correction. Variation in elevation could occur in some
cases due to expansion of component due to heating. For most cases, this is considered to be
negligible.

Since the changes are predictable, they are biases. The uncertainty, however, can have a range of
errors from a negative bias to a positive bias, depending upon the environmental conditions. For
example, a pressure transmitter could have been calibrated for a temperature in the instrument
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tubing of 150'F. However, operation is such that the temperature can vary from 100'F to 250'F.
When the temperature is 1000F, the error will be in one direction; when the temperature is
250'F, the error is in the opposite direction. These errors are not random since the direction and
magnitude of the error is readily predictable from a readily measured quantity. This error is
commonly expressed as percent of ideal output, not %CS. VY head corrections can normally be
found in calculation VYC-1597 "Head Correction".

There are two general categories of head correction:

1. Those due simply to a difference between point of measurement and the location of the
instrument. An example of this is discussed in Section 2. 1, and

2. Those due to elevation and density differences which are a part of the measurement process.
An example of this is discussed in Section 3.

3.1 Effect of Elevation Difference on Pressure Measurement

The system shown in Figure 2 is similar to the system shown in Figure 1 but now
includes an elevation difference between the point of measurement and the instrument
location. The pressure is sensed at Point B but the instrument is at Point C, which is an
elevation Z below Point B. The switch associated with the instrument at Point C must
trip before the process limit is exceeded. The process limit at Point B is 1470 psig and
the TLU is 10 psi. Without considering the elevation difference, the setpoint would be
1460 psig. Both the process piping and the instrument tubing are filled with a fluid. The
density of the fluid and the elevation difference together cause a pressure difference,
which for this example will be assumed as 20 psi. Because the instrument is below the
point of measurement, the pressure will be higher at the instrument than at the point of
measurement. The proper setpoint when the elevation difference is considered is 1480
psig. If the setpoint is set at 1460 psig, the pressure at Point B when the switch trips at its
nominal value would be 1440 psig. This is conservative, but may affect normal
operations.

Ira Figure 2:
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If the instrument had been above the point of measurement then ignoring the elevation
difference would have been non-conservative. If the fluid was a liquid, then there may
have been larger problems. The instrument could have been installed incorrectly since
the device should normally be mounted above gas lines and below liquid lines.

In either case, the numerical value of the setpoint need not necessarily be changed; the
zero of the scale on the instrument could be increased so that the 20 psi pressure
difference is calibrated out.

The head correction would be found using the basic relation

PC = PB + P Zg

where:

Pc = pressure at instrument (location C)
PB = pressure at process tap (location B)
p = fluid density in sense line
Z = elevation change from C to B
g = acceleration of gravity

This can be generalized to:

hC = [(PI * 1 * Z1) + (P2 * g2 * Z2) + (P. * g * Z.)

where for several sections of Z, either density (p) or acceleration (g) may be changing
over sections of elevation (Z). In the usual case, g is considered a constant equal to 1,
and the density is taken to be constant over segments of the line length.

hC = [(PI * ZJ) + (P2 * Z2) + (P. * Z.)

An increase in elevation from the instrument location to the process connection is a
positive value and results in a positive head correction.

3.2 Head Correction Uncertainty (hU)

Head correction uncertainty is considered as a part of the overall process measurement
uncertainty (PM) included in the total loop uncertainty. Because it is a common type of
uncertainty, it has a more descriptive symbol, hU. The uncertainty of the head correction
is the difference between the head correction which should be applied due to actual
condition, hCA, and the head correction which was applied at calibration conditions, hCc.
It is caused by the variation in density from the calibration conditions. The expression
for head correction uncertainty as a fraction of the head correction is:
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hU = hCA - hCc - hCA hCc hCA

hCc hCc bCe hCc

If the density does not vary with elevation (i.e., all sections of tubing have the same
density), the expression can be simplified to:

hU= A_1= /VA - 1 = VC_ 1
PC 1/VC VA

where:

VA = specific volume for actual conditions
Vc = specific volume for nominal conditions for calibration.

4. LEVEL MEASUREMENT UNCERTAINTY

4.1 Basic Equations

When differential pressure transmitters are used to measure liquid level in vessels,
changes in density of the reference leg fluid, or vessel fluid, or both, can cause
uncertainties if the level measurement system is not automatically compensated for
density changes. This occurs because differential pressure transmitters respond to
hydrostatic pressures (head), which are directly proportional to the height of the liquid
column multiplied by the liquid density. Therefore, measurement errors may be caused
by the liquid density changes, as a function of temperature and pressure, while the actual
level in the vessel or reference leg remains constant. This changes the pressure delivered
to the differential pressure transmitters, which makes the indicated level appear different
from the actual level since the transmitter by itself cannot distinguish the difference in
pressure caused by the density changes

In level-measuring applications at Vermont Yankee, a variety of specific situations are
encountered. It is not practical to cover the details of each; however, the situation
described below encompasses the basic theory and method that may be applied to
specific systems.

The level measuring system is calibrated for some assumed operating conditions (e.g.,
normal or accident). The differential pressure transmitter or switch may be in a distinctly
different environment from the vessel. This is the case for reactor vessel level
measurement. No automatic vessel or reference leg density compensation is provided.
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The usual assumption is that the top of the vessel and the top of the reference leg are
exposed to the same pressure. Often the reference leg fluid is a compressed liquid,
assuming a saturated liquid may or may not introduce negligible error. However, the
equations presented below do not require that the reference leg be filled with liquid, only
that it remain either filled or empty at all temperatures.

Figure 3 shows a closed vessel containing a liquid with a gas (steam) blanket and a
reference leg for level measurement. The transmitter produces a signal proportional to
the pressure difference.

There are two parts to adjusting for temperature differences for level measurement. The
first part is determination of the differential pressure that should exist for certain levels
for the base conditions. This is similar to the head correction (hC) calculation. The
second part is the determination of the uncertainty in the level due to variations in
temperature and operating pressure. This is simply a variation of the head correction
calculation using different density conditions.

The differential pressure transmitter is calibrated to read level correctly at the assumed
base conditions. As long as the actual vessel and reference leg conditions remain the
same as the base conditions, the indicated level is a linear function of the measured
differential pressure and no vessel/reference leg density effects are created. However,
when the actual conditions differ from the base conditions, a process level measurement
uncertainty (PM) is created.

4.2 Reactor Vessel Level Measurement

Figure 3 is based upon an illustration from the present error analysis for Vermont
Yankee reactor vessel level [VYC-332 ]. Vessel conditions are at saturation, the
reference leg is normally at a lower temperature, but the same pressure, and therefore is
compressed.

Explanation of Symbols:

hs - height of steam to condensate pot water level (Z.-Z)
hL - height of liquid in vessel, above lower tap (Z-Zz)
hRD - height change of reference leg in drywell
hvD - height change of variable leg in drywell
hmj - height change of reference leg in reactor building
hvR - height change of variable leg in reactor building
Z - elevation of water level above reference point
Zz - elevation of 0% indicated level above reference point
ZF - elevation of 100% indicated level above reference point
Zu - elevation of condensate pot water above reference point
ZL - elevation of lower tap above reference point
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Ps - steam density in the vessel ( l/vs)
PD - water density in drywell portion of either leg ( = l/VD)
PL - water density in the vessel ( = I/VL )
PR - water density in the reactor building for either leg ( = l/vR)
PA - pressure at point A.
PB - pressure at point B.
PR - pressure for the reference leg of the transmitter
Pv - pressure for the variable leg of the transmitter.

From geometry of the vessel and reference leg and basic equations relating elevation,
density, and pressure, the following equations are valid.

hm +huv=hvRj+hvD+hL+hs

P3 PA + g (jS PS + hL PL)

PR PA + g(hm PR + hRDPd)

PV PB + g(hVR PR + hVD PD)

Figure 3 RPV Level
DRYWELL l 1. REACT

COND. POT [K
zu =

4 H

4z
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To determine differential pressure the "LO" pressure side of the transmitter is subtracted
from the "HI" pressure side of the transmitter. If the reference leg is attached to the "LO"
side of the transmitter, then the differential pressure (P) is as follows:

P=PV-PR=( hsps+hLPL+hVDPD+hvRPR)(hRDPD+hRPR )}

Note: The reference leg is actually at a constant value equivalent to the maximum value
of the variable leg. This means that as level decreases the differential pressure
becomes more negative. For this application level equal to the condensate pot
would result in a zero differential pressure.

If the reference leg is connected to the "Hr' side of the transmitter or switch, then the
sign of the pressure difference is reversed. However, the process measurement
uncertainty calculated below is of the same sign since it involves a ratio in which the
direction of the pressure difference cancel.

The AP which should exist for some indicated level (Z) is found by substituting Z-Zz for
hL and Zu-Z for hs.

AP =g(ZV - Z)PS + (Z- ZZ)PL +hvDPD +hVRPR) (hRDAD + hRR PR)}

Note that at the elevation and latitude of Vermont Yankee, g may be set to one (1).

Setting Z equal to ZL, solving for P then setting Z equal to Zu, solving for P, determines
the pressure differentials at which the loop should be calibrated. The value for the
densities, PLO, pDo, PRO, and Pso, should be the appropriate values for the calibration
conditions.

Once the P's associated with the limits of calibration and normal level conditions have
been determined, the equations may be revised for differences in elevations, densities, or
gravity to determine the associated PM error.

These equations are valid for any consistent set of units; however, the Steam Tables
provide specific volume in units of ft3per lbm, so if elevations are expressed in feet,
resulting pressures will be in lb. per fl2 , which may be divided by 144 to find psi. If the
result is desired in inches of water column (inWC), then from Crane's Flow of Fluids: 1
psi = 27.7276 inWC and:

lb 27.72761 lb 27-77 = 0.192553 inWC
ft2 144
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Example:

The Fuel Zone level measuring loops at Vermont Yankee have the following conditions
(from VYC-332):

Base Conditions:

(1) Vessel Pressure = 1020 psia (saturated), vsO = 0.43620, so = 2.2 9 2 5 3 lb/ft3 , vLO =

0.02166, pLO = 46.16166 lb/ft3

(2) Drywell temperature = 160 'F, v])o = 0.016343, PDO = 61.18828 lb/ft3

(3) Reactor Building temperature = 100 'F, VRO = 0.016080, pRo = 62.18905 lb/ft3

(4) Zz = 151.5 inches above vessel bottom = 12.625 ft.

(5) Z = 400 inches = 33.333 ft.

(6) Zu = 545.75 inches = 45.479 ft.

(7) ZL = 129.0 inches = 10.750 ft.

(8) Vessel lower tap @ 129 in., condensate pot @ 545.75 in.

(9) Drywell penetration: reference @ 373 in., variable @ 97 in.

(10) AhD = hRD - hvD= (545.75 - 373) - (129 - 97) = 140.75 in. = 11.729 ft.

(11) AhR = hRR- hvR= 373 - 97 = 276 in. = 23.0 ft. (both legs converge @ 97 in.)

Actual Conditions:

(12) Vessel pressure =1000 psia (saturated), vs = 0.44596, ps = 2.24235 lb/ft3 ,
vL= 0.021591, PL= 46.31559 lb/ft3

(13) Drywell temperature = 180 -F, vD = 0.016457, PD = 60.76442 lb/ft3

(14) Reactor Building temperature = 120 'F, VR = 0.016155, pRO = 61.90034 lb/ft3

To determine the differential pressure for the zero and full span condition, during
calibration each segment of the liquid must be evaluated. For the zero span condition the
elevations and conditions are as follows:
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For the variable leg (inside the vessel and the variable leg connection):

From the condensing pot to the normal level 545.75 - 400 inches (12.1458 feet) at
reactor steam density (2.2925 lbs/ft3).

From the normal level to the instrument zero 400-151.5 inches (20.7083 feet) at
reactor steam density (2.2925 lbs/ft3 ).

From the instrument zero to the lower tap elevation 151.5-129 inches (1.875 feet) at
reactor liquid density (46.1617 lbs/ft3 ).

From the lower tap to the drywell penetration 129-97 inches (2.667 feet) at drywell
liquid density (61.1883 Ibs/f 3).

From the drywell penetration to the instrument the variable and reference lines run
parallel therefore, no calculation is required.

For the reference leg:

From the Condensing pot to the drywell penetration 545.75-373 inches (14.396 feet)
at drywell liquid density (61.1883 lbs/ft3).

From the drywell penetration to parallel with the variable leg 373-97 inches (23 feet)
at reactor building density (62.1891 lbs/ft3).

For the full span condition the elevations and conditions are as follows:

For the variable leg (inside the vessel and the variable leg connection):

From the condensing pot to the normal level 545.75 - 400 inches (12.1458 feet) at
reactor liquid density (46.1617 lbs/ft3).

From the normal level to the instrument zero 400-151.5 inches (20.7083 feet) at
reactor liquid density (46.1617 lbs/fW3).

From the instrument zero to the lower tap elevation 151.5-129 inches (1.875 feet) at
reactor liquid density (46.1617 lbs/ft3).

From the lower tap to the drywell penetration 129-97 inches (2.667 feet) at drywell
liquid density (61.1883 lbs/ft3 ).

From the drywell penetration to the instrument the variable and reference lines run
parallel therefore, no calculation is required.
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For the reference leg:

From the Condensing pot to the drywell penetration 545.75-373 inches (14.396 feet)
at drywell liquid density (61.1883 lbs/ft3 ).

From the drywell penetration to parallel with the variable leg 373-97 inches (23 feet)
at reactor building density (62.1891 lbs/ft3 ).

APzo = (12.14583*2.2925) + (20.7083*2.2925) + (1.875*461617) +
(2.667*61.18828)-(14.39583*61.1883)-(23.0*62.1891) =
-1986.145 lb / fAl =
[-1986.145 lb/ft2]/[144 in/f 2] =

-13.793 psi *27.728 inwc/psi
-382.44 in WC

APso = (12.14583*46.1617) + (20.7083*46.1617) + (1.875*461617) +
(2.667*61.18828)i(14.39583*61.1883)-(23.0*62.189l) =

-544.86 lb/ft2 =
[-544.86 lb/fl2]/[144 in/fl2] =

-3.784 psi *27.728 inwc/psi
-104.916 in WC

Then the zero and span shift are calculated using the same equations and replacing the
applicable densities. These equations may be used to determine the differential pressure
at any point in the span simply by changing the desired level and correcting the density
for the desired conditions. Normally the fluid above the desired level will be steam and
the fluid below the desired level will be liquid. The following example calculates the
differential pressure for the 400 inch level:

APz4w = (12.14583*2.2925) + (20.7083*46.1617) + (1.875*461617) +
(2.667*61.18828)-(14.39583*61.1883)-(23.0*62.1891) =
-1077.689 lb / f 2 =
[-1077.689 lb/fl?]/[144 in/fl2] =
-7.484 psi *27.728 inwc/psi
-207.515 in WC

5.0 FLOW MEASUREMENT PROCESS UNCERTAINTIES

In most flow applications at Vermont Yankee, process liquid and gas flow is measured using
orifice plates, venturis, or elbow taps along with differential pressure transmitters. The
measurement of concern is either the volumetric flow rate or the mass flow rate. The flow
element converts flow rate to differential pressure. For most uncertainty calculations, the flow
rate is specified and the uncertainty is associated with the differential pressure measurement.
This is the condition when a process limit is specified. The general relation is:
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2
A. p= K P. Q.

Where:
x can be A for actual or C for calibration or design conditions
AP differential pressure at flow element taps
p nominal (upstream) fluid density
K = constant depending on system of units and element type.
Q = volumetric flow rate

As shown above, the density of the fluid has a direct influence on the differential pressure that
the pressure transmitter sees. A flow orifice is design to operate at a specified temperature. At
these conditions, it provides its best accuracy. Operations at different temperatures affect the
density of the fluid and therefore the differential pressure across the orifice. The remainder of
the instrument loop will interpret this changed AP as a change in flow rate, Q, rather than a
change in density. This is, therefore, a bias error for the instrument loop.

The actual, or indicated, pressure differential, DPA, is that caused by the actual density, rA, and
the actual flow rate, QA. The calibration pressure differential, DPC, is caused by operation at the
calibration density, rc, and at the calibration flow rate, Qc, which is held equal to the actual flow
rate, QA, since the flow rate is specified as the process limit or some other point of interest. The
error in the pressure difference can be expressed as a ratio of the difference between indicated
(due to actual density) and as calibrated for a given flow rate. The relation between density, p,
and specific volume, v, (p = l/v) is also used.

IPA-APC= PA_ 1= VC 1

A PC Pc VA

Because the temperature can increase above and decrease below the calibration temperature,
there are both positive and negative biases possible. This error is expressed as a fraction of ideal
output, not of calibrated span, in which the actual (indicated) DPA differs from the expected DPc
for a given flow rate.
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Example

As an example of the use of the equation above, assume an orifice plate is used to measure flow
in a water system that is normally at 120'F. The orifice is sized to produce 100 inWC at 100
gpm flow at 120'F and 250 psia. Assume further that under accident conditions the temperature
rises to 300 'F with saturated conditions at an actual flow of 50 gpm. It is desired to find the
process measurement uncertainty, PM, for this change in process conditions, and the indicated
flow.

The first step is to determine the relationship between Q and DP. From the basic relation:

KAPcK= 2

QC

1
100

At an accident flow rate of 50 gpm the design differential pressure would be:

A P= 1 (50) 2 = 25 inWC
100

However, the density has changed. Using thermodynamic steam tables:

VC = 0.01619 ft3/lbm @ 120 0F and 250 psia.
VA = 0.01745 ft3 /lbm @ 300 0F saturated

Substituting these values into the uncertainty equation results in a relative error of:

A PA - A PC VC 1 = 0.01619 _1=-7.22%

A PC VA 0.01745

This is a actual error of 1.81 inches of water (-7.22% of 25 inches).

Therefore, the rise in temperature reduces the actual differential pressure input to the transmitter
to 23.19 inches of water (= 25 -1.81). Substituting this differential pressure into the flow
equation and rearranging to solve for flow rate results in an indicated flow of:

Q = r10 0A P = ,J(100)23.19 = 48.16 gpm
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Attachment D: Flow Loop Scaling and Uncertainty

Flow orifices are non-linear devices; however, the errors can be written such that they can be combined
with the uncertainties of linear devices as if they were linear devices, but only for specific points of
interest. The errors are propagated from the input through the non-linear device and then combined with
the errors of the instruments on the downstream side of the non-linear device. The methods of this
Attachment effectively propagate any errors on the input side of the flow element to the output side.
Therefore, when the equations of this Attachment are used, the flow orifice uncertainties and those of
any square root converter can be combined with the uncertainties of other instruments as if they were
linear but only at the specific point where the error propagation is performed.

1. BASIC EQUATIONS

This section is included to provide guidance on how the flow versus differential pressure relation
should be developed for a flow orifice whenever a change in the calibration data for the
transmitter is deemed appropriate. The primary reference will be the ASME standard
"Measurement of Fluid Flow in Pipes Using Orifice, Nozzle, and Venturi" (ASME MFC-3M-
1989). This is a recent publication and has considered several of the other common references
used to obtain similar relations. Therefore, this standard will be considered as superseding
earlier references. Other references may give similar results, but for consistency, this standard is
to be used for future work.

The basic equation for determining flow rate is Eq 13 from the standard. The equations will be
presented here, with possible variation in symbols to be consistent with other symbols used in
this design guide.

wir = 0.09970190 CYd2 A-

where:

w - mass flow rate (lbm/sec)
C - discharge coefficient
Y - expansion coefficient, for liquid this is 1
d - bore diameter of orifice plate or throat diameter of nozzle or venturi (inches)
AP - pressure difference across orifice or nozzle (in WC, see Note 2 of Table I in

MFC-3M-1989, also entry for Pw,68iF-

p - fluid density, for this design guide the density will be determined upstream of the orifice or
nozzle (lbm/ft3)

- ratio of bore or throat diameter to pipe inside diameter, d/D, see Table 1 of the Standard.
This can be converted to measure volume flow rate in gallons per minute (gpm) by using the
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appropriate unit conversions r.

Q = (60) * (8.34517) * (0.09970190) CYd2 P -49.92176CYd 2 P
p(l -4)Pol - WV)

To determine the AP which will exist for a given flow rate, the equation above can be rearranged.

AP=( Q
AP I49.92176 Cyd1 P(l-IV

This type of rearrangement is needed to determine the calibration characteristics of a differential
pressure transmitter that is used to measure flow rate. The transmitter is designed to produce a
linear output signal (current) for a linear input signal (differential pressure). Two points are
needed to define the line. The common points are the two endpoints of the line, zero differential
pressure (zero flow) and the design differential pressure (from the design flow rate). At the
design conditions, temperature and flow, the quantities p, I, d, Y, and C are evaluated. Common
practice is then to consider that these quantities are constant. When that is done, the form of the
equation is:

Ap=kQ2

where k is the flow coefficient and is expressed by:

k = p(1 P4)
(49.92176 CYd2)

The density, p, is a function of temperature and pressure. The expansion factor, Y, can vary with
pressure ratio for compressible fluids. For liquids it is constant at a value of one. Determination
of the expansion factor for compressible flow is not discussed in this guide. Information is
provided in the ASME standard for those who must consider compressible flow (e.g. steam).
The bore diameter, d, and diameter ratio, IB, can vary with temperature due to the expansion of
the flow element and pipe with temperature. The discharge coefficient, C, is a function of pipe
diameter, D, the diameter ratio, I, and Reynolds number. Reynolds number is, in turn, a
function of flow rate, pipe diameter, and fluid properties at the flowing conditions. The Reynold
number contribution to discharge coefficient is small, and therefore, discharge coefficient is
nearly constant for most flow conditions. However, there is a small error associated with
assuming that the discharge coefficient is constant. Equations will be presented later which will
allow determination of that error. At very low Reynolds numbers, and at or near the transition

5 Example CRC Handbook of Mathematical Sciences 5th edition: From Pounds H20 (39.20F)/min to Gal(US)/min Multiply
by 1/0.1198298)
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point from laminar to turbulent flow, the equations for the determination of differential pressure
may not be valid. Where operation is considered for low Reynolds number conditions (less than
2000) specific orifice calibration confirmation is required. Also the change in flow coefficient
below Reynolds numbers of 10,000 becomes more and more non-linear with the flow decrease,
due to this specific discharge coefficients should be calculated for flows in these regions.

Note that equations above do not include a thermal expansion correction factor, Fa, which is used
in some publications. This correction factor is discussed in Section 4.2 of the Standard and is
used for initial sizing of the bore. Once the primary element has been manufactured, the effect
of thermal expansion on the bore and pipe diameter are included using Equations 19a and 19b of
Section 4.3 of the Standard, which are repeated below, again with slight symbol changes.

d = [1 + aPE (T- Te,. )Jdme..

D = [1 + aPE (T- T...p )]Dmeas

Attachment E of the Standard provides some values for the thermal expansion coefficient, a,
which may be useful. As stated in Section 4.3 (d) of the Standard, the measurement temperature,
Tm.as, is assumed to be 680F. The diameters given from the equations above are to be used for
further calculations to determine volume flow rate or differential pressure.

The determination of the discharge coefficient for an orifice plate in Section 7.3.1.1 of the
Standard. The exact equation will depend upon the type of taps used, but all have a series of
terms which are a function of the diameter ratio, A, and the pipe diameter, D, and an additional
term which is a function of Reynolds number. The equations for the discharge coefficient can be
expressed by the general form below, where "M" is the series of terms which are a function of I
and D.

C M+ 91.71 p25
C=M+~~ R675

The relation for Reynolds number in terms of the volume flow rate is:

RD = 50.657 Q p
RDD

Note: the discharge coefficient is relatively constant for Reynolds numbers above 2 * 105.
Transition of flow from turbulent to laminar occurs somewhere between Reynolds numbers of 2
* 103 and 1 * 104. In this region the relative change in uncertainty of the coefficient of
discharge, for a given change in Reynolds number, is very large. These changes in the discharge
coefficient can result in substantial errors in the flow measurement. Measurement of flow in
these areas may require additional condition specific testing or a more extensive evaluation of
the discharge coefficient and other flow condition errors. The calculation preparer must ensure
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that the specific pipe conditions (e.g. pipe full, adequate flow profile, etc.) are know for the point
of interest of the calculation.

2. FLOW ELEMENT ERRORS

There are three causes of errors in the flow measurement. First is the uncertainty of the
coefficients used to determine the differential pressure or flow rate. This can be termed flow
element accuracy. Second is a temperature and or pressure variation, which occurs during
normal operation, which will affect material properties such as density (discussed in Attachment
C) and pipe size (i.e., thermal expansion). The third is the flow rate itself, which will cause the
discharge coefficient to vary slightly.

The relative change of differential pressure produced by the actual operating conditions, PA,
compared to the design conditions, PD, for the same flow rate is:

APA-APD kAQ 2 -kDQ 2 kA-kD= kA 1

APD kDQ 2 kD kD

This equation shows that for a decrease in the flow coefficient, the relative error will be negative.
This means that the indicated flow will be less than the actual flow. The instrument loops are
designed to interpret a change in differential pressure as a change in flow rate. For example, the
differential pressure is less for a less dense fluid at the same volume flow rate (kA is smaller).
With a smaller differential pressure, the instrument loop indicates this as a smaller flow, since it
does not know that the change was caused by a change in density rather than a change in flow.

2.1 Flow Element Accuracy

There are three primary components of the inaccuracy of a flow element: (1) uncertainty
of the discharge coefficient, C; (2) bore diameter uncertainty, d; and (3) pipe diameter
uncertainty. Section 10.2.2 of the Standard discusses how the uncertainties are to be
combined. More uncertainties than the three just listed are presented in Section 10.2.2;
however, they are treated elsewhere in this design guide, or considered insignificant (i.e.,
no uncertainty for expansion factor for liquids). Simplifying the equation of Section
10.2.2 to include only the three primary components of uncertainty (for liquids) results in
the equation below.

PEQ Q __(8C ) 21i 4 (D) (2 ) (+ d )

where:

PEQ = primary element uncertainty as a fraction of input
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SQ/Q = uncertainty of flow,
SC/C = uncertainty of discharge coefficient,
SD/D = uncertainty of upstream pipe diameter,
Ad/d = uncertainty of orifice bore diameter,
P = diameter ratio= d/D.

The uncertainty of the bore and pipe diameter should be obtained from vendor
manufacturing data. Section 7.3.2.1 of the Standard provides an estimate of the
uncertainty of the discharge coefficient. This information is reproduced below.
However, this information assumes that turbulent flow exists at the associated Reynolds
number.

2in.<D<36in. 0.2•< < 0.6 0.6•< P 0.75 |
(nominal sizes)

l0,000<RD• I0O 0.6%

2,000 < RD < 10,000 (0.6 + 1P)% 1
Table DI: Discharge Coefficient Uncertainty

The standard presents additional information in its Sections 6.4.1, 6.4.2, and 6.4.3, which
should be considered. In particular any additional uncertainty due to fittings (e.g., pipe
elbows, tees, etc.) should be considered and included as part of PE.

The ASME Standard assumes a fixed differential pressure and an uncertainty in the flow
rate. The uncertainty of the flow rate needs to be converted to an uncertainty of the
differential pressure to be consistent with the other uncertainty terms in this design guide.

This error may be determined by solving the differential pressure equation for the base
flow and then revising the equation to calculate the differential pressure difference based
on the change in flow.

Given a one percent of full scale flow error, for a system with a 5000 gpm flow in a
schedule 80-10 inch pipe with an installed orifice having a beta ratio of 0.725 and a
calculated flow coefficient of 0.72, assuming a expansion factor of 1. Determine the
error in percent of differential pressure.

(49.92176 CYd2 j

Solve the equation for the point of interest:
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' 50900 * 58.9214 *(1 -0.7254)
49.92176* 0.72 * 1 * 9.5622)

98.7059 =(

Solve the equation for the positive and negative application of the flow error (0.01 *5000
= 50 gpm):

100.6898 =
(49.92176* 5050 *589214*(1- 4)

t49.92176 *0.72 * 1 * 9.5622 )

96.7416 = (49502 ) *58.9214*(1-0.7254)
t49.92176 *0.72* 1 *9.5622*5.21)1-.2

100.6898-98.7059 * 100=+2.01%
98.7059

96.7416-98.7059 *100=-1.99%
98.7059

The differential pressure error is approximately ±2.0% at the point of interest. Note:
since the flow error is 50 gpm at all times the effect in terms of % of reading or point of
interest will be greater as flow rate decreases. The error must be evaluated at the point of
interest for the flow element.

2.2 Temperature Variations

To account for any change in the normal operating temperature, a new constant k as
defined in this Attachment or the ASME Standard should be determined, and at the same
design flow as was used to determine the original constant. The relative error of
differential pressure produced by the actual operating conditions, APA, to the design
conditions, APD, for the same flow rate is given by the equation at the beginning of
Section 2.

For many situations, the temperature variation is significant only for its effect on density,
which is covered in Attachment C. That is the change in the diameter, d, and the
diameter ratio, A, do not change significantly due to thermal expansion. Similarly, the
discharge coefficient, which is a function of d, I, and Reynolds number (a function of
flow, density and viscosity), does not change significantly. When all other terms, except
density are considered as constant (all at the design flow rate), the expression for relative
error can be expressed as shown below (from Attachment C).
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1

APA-APC=PA-1=--1= VC1

A PC PC 1 VA

Vc

This error may also be evaluated by solving the equation in section 2.1 above for the
effect of the change in temperature on each of the variables. Where a detailed knowledge
of the errors associated with process conditions changes are required the ratio method
may not have sufficient detail.

2.3 Flow Variations

The discharge coefficient can vary with flow rate and cause the flow coefficient, k, to
vary. As explained above, most commonly used instruments only "know" about design
conditions and, therefore, assume that k is constant. The relative error of differential
pressure produced by the actual operating conditions, APA, where the discharge
coefficient, C, and therefore, the flow coefficient, k, varies with flow as compared to the
differential pressure that would have been produced if the discharge coefficient were
constant at the design value. All terms in the flow coefficient, k, except the discharge
coefficient are constant and can be factored out. The resulting equation is:

APA-APD (CD _-1

APD CA

This equation shows that as discharge coefficient rises, the relative error becomes
negative. Inspection of the basic flow equation shows that as the actual flow falls
(decreases) below the design flow the Reynolds number falls also. From the discharge
coefficient formula, it can be seen that as Reynolds number falls (decreases), the
discharge coefficient rises (increases) above the value that existed for design flow.
Therefore, flows below design flow induce a small negative bias error.

Example

The error due to variation in flow for a 12 inch schedule 80 pipe (id 11.374), with an
orifice plate with a bore of 7.2 inches (P = 0.6330) and flange taps, with a design flow of
8,000 gpm. The temperature of the water is 100'F so g is 0.66 centipoise and p is
61.996 lbm/ft3 . For flange taps the equation for the discharge coefficient is:

C=O.5959+O.031V 2-10 .184CO 8+ 0.090q34 0.033V73 + 91.7A25
D(1-0 ) D
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Substituting all values except RD results in:

C = 0.5959 + 0.0312 * 0.63302.1 - 0.1840 * 0.6330w

+ 0.0900*0.63304 0.0337*0.63303 + 91.71 * 0.63302.5
11.374 * (1-0.63304) 11.374 R0675

C =0617484 + 29-23916C=0.617484+~~0.7
RD

Substituting all values except flow rate into the equation for Reynolds number results in:

50.657*Q*p
RD =

RD = (50.657) * Q* (61.996) -418.4Q
(0.66) * (11.374)

For a design flow rate of 8,000 gpm, the Reynolds number is determined to be 3,347,200
and the discharge coefficient, CD, is determined to be 0.617858. For an actual flow of
1,000 gpm, the Reynold number is determined to be 418,400, and the discharge
coefficient, CA, is determined to be 0.619262. Therefore, the relative error is:

A PA-APD= CD1 1 r0.6178582 1 000452
APD CAx) 0.619262)

This is a -0.453 % error in the differential pressure at a flow rate of 1,000 gpm.

3. FLOW LOOP UNCERTAINTY PROPAGATION

3.1 Non-linear Devices

Process Meas. Primary Transmitter Square Root
Effects Element Converter

Indicator
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The loop displayed above has two non-linear conversions, the first a conversion from
flow to differential pressure takes place in the flow element. The second non-linear
process occurs in the square root extractor. For this loop, the conversion of process
errors to differential pressure errors has been covered in the first part of this Attachment.
The propagation of the errors associated with flow transmitter (and the converted process
errors) is the purpose of this section.

Calculation model errors result from the use of a mathematical model to calculate a
variable from measured process variables. These errors may be non-linear over the
process range. To ensure that non-linear considerations do not produce non-conservative
results in setpoint calculations the following error combination method may be used
when a loop contains one or more non-linear devices.

1. Individual device uncertainties are calculated in the same manner as the existing
methodology.

2. A total uncertainty for each device would be calculated then the error associated
with all the devices on the input side of the non-linear devices would be combined
(by SRSS usually) to determine a total uncertainty.

3. The input point of interest value and the input errors are converted to process
values (e.g. milliamps).

4. Determine the transfer function for the non-linear device.

5. Using the transfer function substitute the point of interest for the applied value.
The output value is the pure signal value.

6. Add the input error values determined above to the point of interest value.
Substitute this value for the applied value in the transfer function. Subtract the
value from step 5 above from this propagated value. The result is the positive
error value.

7. Subtract the input error values determined above to the point of interest value.
Substitute this value for the applied value in the transfer function. Subtract the
value from step 5 above from this propagated value. The result is the negative
error value.

8. The resultant uncertainty would be evaluated via the SRSS method with all the
device uncertainties on the output side of the non-linear (or multiple-input
device). Since current methodology is to measure errors on the output side of
components, the propagated errors would be combined with the This value would
be the Total Loop Uncertainty.
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Because of the method of error combination used in the formulas, non-linear
device errors cannot be made dependent with errors from other loop devices.
The errors for the non-linear device must be combined only in the manner
specified in the equations. Once the formula has been used and the error on the
output side of the non-linear device has been determined the error may then be
combined with the errors from the rest of the devices on the output side of the
non-linear device.

Example

Determine the Total Loop Uncertainty for the following flow loop at a point of interest of
40 gpm:

DEVICE DESCRIPTION INPUT/OUTPUT DEVICE
RANGE UNCERTAINTY

FE Orifice Plate 0-5000 GPM/0-100 0.8% of span
INWC

FT Diff. Press. Xmtr. 0-100 INWC/4-20 1.2% of span
_ _ _ M A _ _ _ _ _

I/E Current to Voltage 4-20 MA/l-5 V 0.7% of span
Converter

FY Square-Root 1-5 V/1-5 V 0.9% of span
Converter

FS Bistable 1-5 V/0-5000 GPM 0.5% of span

Calculate Input Error to non-linear device

The input error to the FY is the SRSS of the FE, FT, and I/E device uncertainties is as
follows: Note: this assumes that any process related errors (e.g. flow bases errors) have
been propagated through the flow to differential pressure conversion as discussed above.

Input error =

e. = 1(0.008)2+ (0.012 )2 + (0.007)2 = 0.016
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Calculate Output Error from non-linear device

The transfer function for a square root device is

C=K* 4A

ec = AXe- N

where:

-c = Output Error from non-linear device in output signal units.
ea = Input Error to non-linear device in input signal units
A = Point of Interest (input signal in signal units) A in this case is the

full transfer function as follows:
C = Output Value for the equivalent value of A
K = Any constant multiplier use to scale the output for the device.

To convert from an input value to an output value and therefore to determine the output
error requires that we work with the

C= K Ie- * Output Span + Output - Minimum
V InputSpan

For this example,

ea = 1.6 % of square root extractor input span (calculated above)

convert the flow point of interest to signal units

Point of Interest = (400 gpm/5000gpm)2 * 100 inwc = 0.64 inwc

This is differential pressure value must be converted to a signal value at the input of the
square root converter. Use the scaling vales to determine the input signal at the point of
interest.

0.64 inwc/100 inwc span * 16 mA =0.1024 mA
0.1 024mA/ 16 mA * 4 volts + 1 volt minimum output span = 1.0256 volts square root
extractor input value

Convert the error to signal units

0.016* 4 volts = 0.064 volts
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Substituting into the error propagation equation:

True Output =

C = * 4+1
4

C= 1.32

Output with error =

= 1.0256+0.064)- * 4+1
4

C = 1.59867

C = ,1.0256-0.064)-i* 4+1
4

-= 0.0384 * 4+1

Note: the propagation of the negative error results in imaginary numbers since the error
is actually larger than the signal value. The error associated with the positive side
of the propagation is 0.27867/0.32 *100

Therefore the error associated with this point of interest is: over 87% of the actual signal.

Calculate Total Loon Error (TLE)

The TLE is the SRSS of the non-linear device Output Error with the device uncertainties
of the devices downstream and the output errors of the non-linear device. For this
example, the Bistable and the output of the square root extractor act as the only
downstream devices. The span errors are used to determine the total error in signal units.

Therefore:

Convert down stream errors to equivalent volts.
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For the square root extractor error is 0.9% of 4 volts = 0.036 volts

For the bistable indication 0.5% of 4 volts = 0.02 volts

Evaluate the error as a fraction of expected signal or pure signal.

TLE= 4(0.2786)2 + (0.036)2 +(0.02)2

= 0.28163 volts error for a signal value of 0.32 volts. Error is 88 % of the signal value.

TLE = 0.88 * 400= 352 gpm

Additional methods of calculating the modeling error for non-linear devices may be
applied, two example methods are the use of Partial derivatives and perturbation
techniques as discussed in Attachment K of Reference 2.1.6. It is acceptable to construct
a Monte Carlo model of the loop and perform a statistical analysis of the error based upon
the specific transfer function for each loop component.

Modeling error may be ignored for loops where the calibration is performed at the loop
trip setpoint, or the point of interest for indicators and the input signal for calibration is
on the input side of the non-linear device.
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Attachment E: Special Considerations for Radiation Monitors

1. INTRODUCTION

When reduced to its essence, a setpoint calculation is simply an estimate of uncertainty.
Protective actions are set to initiate as close to some limit as the total measurement uncertainty
will allow. In a conventional instrument loop, this limit is expressed in units of a single process
variable (i.e., gpm) for a single known substance (i.e., borated water). The estimated uncertainty
is in turn found from relatively well understood environmental effects and other characteristics
of the instrument loop which in principle can be measured or compensated for in routine
calibrations.

Radiation monitors in stark contrast, respond to a characteristic radiation property, such as
photon flux (photons/cm2-s), in a plant area or effluent stream, while their setpoint limits may be
calculated levels of off-site radioactivity (JiCi/cc) or dose (rem). The uncertainties which need to
be considered in performing radiation monitor setpoint calculations may include factors related
to instrument linearity, detector geometry and energy response, source term composition, sample
flow, process/vent flow, effluent dilution, and off-site dose assessment. Uncertainties related to
processes downstream of the monitor, such as atmospheric diffusion, are beyond the scope of
this guide and are assumed to be included in the process limit.

A common setpoint basis for radiation monitors is the detection of any significant radiation above
background. From the perspective of this guide, the maximum expected background is a control
limit and the positive (U+) uncertainty is applied to arrive at the setpoint. Other applications, such
as effluent monitors, are calculated using the negative (U) uncertainty is applied to an upper
process limit.

The discussion which follows provides guidance for evaluating uncertainty contributors that
are largely unique to radiation monitors. Other contributors, generally applicable to all
instrument systems, are discussed in the body of this guide and should be evaluated in the
setpoint calculation. Response time allowances may be crucial to radiation monitor setpoint
determination and the calculation preparer should carefully verify that appropriate
allowances are included in the process/analytic limit.

1.1 Combining Uncertainties

The general output equation for digital radiation monitors is of the form:

OR = k(IV) = k(Re)
where:

OR = output reading in engineering units
k = conversion and correction constants
IV = monitor input value



Vermont Yankee Revision 1 (February 5, 2000)
INSTRUMENT UNCERTAINTY Appendix D/Attachment E
AND SETPOINTS DESIGN GUIDE Page 2 of 9

R = radiation variable of interest
e = detector efficiency

The preferred method is to assume the value of (k) is without error at some reference
condition and calculate the uncertainty as a function of (RE). As can be seen in the
following sections, the effective expression has many more terms; however, the basic
product form is maintained.

For random, independent effects:

{d(OR)} = U2
= (U a (6R) 2

(aY + (
which is more conveniently expressed as the ratio of uncertainty to output as:

(U 2( 2) +( 2)
where:

& = uncertainty in detector efficiency
SR = uncertainty in radiation value due to process effects

For systematic (bias) effects, the corresponding expression is:

U A i5R + 9;RB

OR .; R

Unfortunately, unless the effects are small, the nonlinear nature of the monitor transfer
function causes this equation to substantially overestimate the bias effects. An alternate
approach, which is also consistently conservative but to a lesser extent, is to propagate
the effects for each point of interest using the basic response function:

(U~ A a (OR)R + a (OR)B

IVOR) OR

[(R+ 5 RB+SRR)(E+ &B + &R-RE

RE

2. PROCESS CONSIDERATIONS

Radiation monitors are typically either particle counting systems (cpm) or operate in a current
mode (pA) which is proportional to radiation flux, such as neutron fission chambers or gamma
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ion chambers. When a setpoint is calculated, the quantity of interest is usually activity
concentration (jiCi/cc) or exposure (mR/hr). There are conversion factors in the monitor data
base which allows the monitor to read directly in the unit of interest. If the conversion is
performed digitally, math errors may be neglected.

3. PRIMARY CALIBRATION

When the sensitivity factors are derived from a one-time primary calibration, it can have
a profound effect on total measurement uncertainty.

Ideally, a primary calibration would be based upon multiple measurements of mono-energetic,
NITS traceable sources, over the complete counting and energy range of several monitors. The
sources would be in precisely the same composition and geometry as the intended application.
This form of calibration would allow statistical prediction of the mean detector response and
tolerance band for the entire population of detectors with a 95% confidence.

Liquid and gaseous effluent monitors, however, are usually calibrated with a small number of
nonideal sources which match the monitor geometry, supplemented by solid or liquid sources,
which deviate in composition and geometry from the process sample. Relating the supplemental
source response to the sample geometry often involves some significant leaps of faith.
Particularly with beta detectors, simply multiplying the source response by a constant may
introduce substantial error. This is true because the effective solid angle subtended by the
detector and the sample self-absorption may not be constant with energy.

Data interpretation can be error prone for noble gas primary calibrations. "'Xe has an average
photon energy of 30 keV, however most calibration reports show the measurement plotted at 80
keV, arguing that it is "obvious" that the detector does not respond in the 30-35 keV region. If
this assumption is unwarranted, then the low energy portion of the response curve is shifted. r5 KI
measurements for gamma detectors are complicated by the possibility that bremsstrahlung from
beta emissions may contribute significantly to measured sensitivity, because the gamma
abundance is very low.

When the supplemental sources differ substantially in composition from the process sample (i.e.,
solid for gas), then solid angle and scattering differences may result in both sensitivity errors and
an apparent shift in energy.

Often, the primary calibration will attempt to cover the three-decade (0.03 to 3 MeV) energy
range with one source in the first decade and one in the last. This lack of data contributes to
sometimes severe extrapolation error.
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Recognizing that noble gas calibrations using only 133Xe and 85Kr do not provide sufficient data
concerning the overall shape of the energy response, some studies have been done using
shielding codes such as ISOSHLD or QAD-CG to predict the response of the monitor. Due to a
variety of effects, these codes are not accurate below 200 keV. This form of modeling
contributes
an additional component to the extrapolation error.

Energy, E (MeVN

Figure 1: Hypothetical Primary Calibration Results

All measurements may have been performed on a single "prototype" monitor. As a consequence,
the user has no measure of reproducibility and may be basing the monitor calibration upon an
atypical sample. This, plus the fact that the calibration for all monitors will reflect any
uncertainties in the primary calibration, indicates that those uncertainties be included in the
setpoint calculation as additional terms.

The source concentration uncertainty and the counting uncertainty are normally evaluated
explicitly in the primary calibration report. However, many of the other factors may only be
inferred. As can be seen from Figure 1, the factors which cause an apparent energy shift are
significant only when the sensitivity is rapidly changing usually at low energies. A method
which is consistent with the uncertainties involved, is to estimate the magnitude of the effects at
each energy of interest and graphically combine them as shown in Figure 1.

Much of this uncertainty may be avoided for normal effluents by routinely calibrating the
monitor with dilute samples from primary coolant or waste gas holdup tanks. Under those
conditions, the source term sensitivity is found by direct comparison to laboratory analysis, and
the primary/transfer calibration uncertainties may be neglected. Since an accident source term
would bear no simple relationship to normal effluents, NUREG-737 high range monitors must be
calibrated using data from the primary calibration.
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* Transfer Calibration

In order to avoid the complexity of liquid or gaseous calibrations, most sites use a
secondary or tertiary set of solid sources. The source uncertainty and counting
uncertainty involved in making the comparison between the prototype monitor and the
final set of transfer sources are the obvious contributors. Additionally, the results for one
monitor do not apply without uncertainty to any other monitor.

Off-line monitors experience a variety of effects which reduce the concentration of
activity at the monitor. Leakage may cause the sample to be diluted, however, except
under accident conditions, this effect should be negligible. Plateout, settling, and gas
adsorption may cause buildup in the sample line. These factors may be estimates or
measurements for specific operating conditions. Over the expected range of operating
conditions, these factors are subject to large systematic variations. If the sample chamber
is operating at a vacuum, then gas expansion would cause an error in concentration (or
mass flow).

4. AREA TYPE MONITORS

As noted above, the typical radiation detector responds to the flux of particles reaching it.
Scintillation counters respond more or less directly to betas and photons as they are absorbed.
G-M tubes on the other hand respond to the secondary emission of electrons from the tube wall
so that the gamma response (cpm or current) is roughly proportional to energy fluence
(MeV-cm2/s), which makes them well suited to area monitors calibrated in mR/hr.

If the composition of the source term is unknown but the energy distribution is known, then the
uncertainty in the energy of the sample may be used to calculate the energy-dependent
uncertainty in the output. Figure 2 illustrates the hypothetical response for an area detector,
superimposed on 11 energy groups along with a hypothetical exposure distribution.
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Figure 2: Energy Group Analysis

E_ .ia . .; ,---C

Energy, E (MeVJ)

Unlike the process sampling monitors, the area montors are routinely calibrated using a source
which is calibrated directly in mR/:r. Consequently the conversion factor may be readjusted to
compensate for systematic sample to sample variations in the sensitivity at one energy (usually
661 keV).

Another example of this case would be a G-M tube post-accident monitor, when the expected
source term energy is a function of time after an accident generated by a shielding code. If such a
detector is calibrated in energy adjusted units, such as gCi-MeV/cc, (eXe-Equivalent gCi/cc, or
Bq-MeV/cc, then this source of error is at least partially compensated, since the sensitivity is
more nearly constant at each energy.

5. INSTRUMENT UNCERTAINTIES

5.1 Dead Time Uncertainty

Modem radiation counting systems generally have dead time characteristics
approximated by the so called "nonparalysabley model:

m
n1

1 -mv
where:
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n = true interaction rate
m = observed count rate
T = deadtime

The count rate may be thought to be reduced by a variable factor (Ma):

= - =1-mrn

If this effect is not corrected, it is a pure negative error term, which is predictable and
consequently must be treated as a bias.

5.2 Efficiency Uncertainties

Drift (DR), accuracy or calibration effect (CA), voltage effect (VE), and the
environmental effects all contribute to the uncertainty in instrument efficiency (or
sensitivity). Humidity, IR loss, radiation effects and atmospheric pressure may all
contribute significant uncertainties; however, for most applications, these factors may be
neglected for normal conditions. Efficiency should be defined in the same terms as the
efficiency measured during calibration.

5.2.1 Effective Accuracy

The effective accuracy for inclusion in setpoint calculations should generally be
the calibration tolerance combined with the testing uncertainties. If the conversion
factor is adjusted to match the measured efficiency, the uncertainty is simply the
counting uncertainty and calibration source tolerance, neglecting the calibration
tolerance.

5.2.2 Drift

Few manufacturers of radiation detectors specify long-term drift (DR),
consequently the recommended source for drift information is the as-found/as-left
surveillance data. Such data would also include the cumulative effects of radiation
and other environmental factors.

5.2.3 Gain Uncertainty

For scintillation detectors, the discriminator threshold and amplifier gain may not
be set to match the prototype monitor. This error (5G) may cause significant
uncertainties at low energies, unless the calibration procedure includes
verification of the threshold setting energy. The system gain is also a predictable
function of temperature and high voltage fluctuations.
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Scintillation detectors typically have a negative temperature effect, bounded by
roughly -10 to -20% per 50'F.

Typically, the detector high voltage is adjusted at one energy such that the
counting efficiency is on a "plateau", with a positive slope of from 5 to 10% per
100 V. At lower energies, the slope may be much more severe, and a change in
voltage will cause a proportionally larger change in efficiency.

The temperature (TE) and voltage effects (VE) are complex functions, depending
upon scintillation material, PM tube construction, and preamplifier design. Both
factors are related to the threshold setting and gain error (6G).

For G-M tube detectors, the threshold has negligible effect on efficiency and the
voltage effect may be estimated directly from the plateau slope. Temperature
effect may be calculated directly from the resulting specific ionization changes
inside the G-M tube6; however, for temperature swings normally encountered, the
total effect is approximately 1% and may be estimated.

Preferably, the overall stability of the detector system should be obtained from
vendor testing. Alternately, the effects may be calculated from published data7 .
Unless the detector is servo gain stabilized, these effects are biases or abnormally
distributed.

6. TOTAL UNCERTAINTY

There is no single expression for total uncertainty that applies to all radiation monitors. The
preceding equations are suggestive of how the individual effects may be evaluated. The specific
form of the total uncertainty equation depends upon the analyst's evaluation of which effects are
bias terms and which are random. If the effects are large (more typical), then the most reliable
method available would be to evaluate the random effects using SRSS, and propagate random
and bias uncertainties together using the response function.

For the typical monitor which is set as close to background as practical, a statistical evaluation of
actual response may be all that is necessary.

6W. J. Price, Nuclear Radiation Detection, 2nd Edition, McGraw-Hill, 1958.

7JU B. Birks, The Theory and Practice of Scintillation Counting, Pergamon Press, 1964.
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Particular mention should be made of the Vermont Yankee main steam line monitors, which
have been assigned in an allowable value of 3.6 times background, and a nominal setpoint of
3.0 times background by most BWR plants, entirely by precedent and regulatory approval, since
there is no analytical limit associated with this channel in the safety analysis.
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Attachment F: Statistical Considerations

There are two terms that will be used extensively in statistical discussion, these are confidence
and proportion. The proportion of an occurrence is based on the frequency distribution. The
frequency distribution defines how often a given event will have a specific outcome. Given a
coin toss how often will the coin land heads up? The second term is confidence. The level of
confidence is based on the size of the sample used to determine the frequency distribution.
There is less confidence in the measurement if 5 coin tosses are used instead of 500 to determine
a frequency distribution. For the purposes of the design guide a short hand term will be used for
the discussion of statistical characteristics. This short hand is confidence/ proportion. The short
hand 95/75 means we have a 95 percent confidence that at least 75 percent of the events will fall
within our projected distribution. Proportion can be picked from a histogram or frequency
distribution, confidence is based on the size of the sample set compared to the total population.
The term confidence interval as used in this Attachment refers to the confidence and proportion
as an integral value (e.g. 95/95) is a confidence interval.

1. COMBINING UNCERTAINTIES WITH DIFFERENT LEVELS OF CONFIDENCE INTERVAL

Equipment vendors usually provide uncertainty data that may be assumed to reflect at least a
95% confidence interval or a two standard deviation (2-sigma or 2a) value. The uncertainty
estimate resulting from combining the random terms by SRSS will reflect the least conservative
statistical characteristics of the included terms. In other words, if all the terms except one are 3a
values (99.7% confidence interval) and that one is a 2c value (-95% confidence interval), then
the uncertainty estimate will be a 2cr value. For conservatism, it shall be assumed that published
vendor specifications are no better than 2cy values unless specific information is available to
indicate otherwise.

If there is very strong evidence that a particular error specification represents a higher
confidence level, the individual preparing an uncertainty calculation may adjust that specification
to be consistent with other uncertainty elements. This evidence should be equivalent to one or
more of the following:

1. Manufacturer's testing data, demonstrating the statistical distribution and confidence
interval.

2. Documented vendor statement of the confidence interval.

3. Third party or plant data demonstrating a minimum tolerance interval corresponding to
the specification, which is at least 99/95 (see next section).

Table 1 in the following section, shows the K multipliers for a two-sided distribution for various
proportions of the population. If the uncertainty is being determined using confidence interval
values for a normal distribution, then a 99% confidence interval (2.58a) uncertainty value may
be multiplied by 1.96/2.58 = 0.760 to approximate the 95% (1.96cr) confidence interval value.
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The combination with other error limits would yield an overall uncertainty calculation with a
95% confidence interval.

2. SINGLE SIDED DISTRIBUTIONS

For nearly all setpoints, interest is only in the possibility that a single value of the process
parameter is not exceeded, and the single value is approached only from one direction. A good
example of such a process parameter is reactor vessel low-low level. The analytical limit is a
single value near the top of active fuel. It is approached only from the direction of decreasing
level. In this case, the uncertainty of particular interest is unidirectional, and is the largest
positive limit for errors that encompasses 95% of the population of instruments.

As generally calculated here and in ISA-RP67.04 Part II uncertainty is bidirectional, describing
the limits in either direction, which encompass a particular confidence interval, for instance, 95%
of a population of instruments, around the mean. In situations where it can be proven that the
protection point is only approached from one side, accounting for a one-sided area of interest
may reduce the magnitude of the random uncertainty component. In such a case, the random
uncertainty may be reduced by a factor J/K, where the quantities J and K are distances from the
mean, in standard deviations, for one- and two-tailed tests, respectively, to insure that a particular
portion of the proportion is included. Values of J and K are shown in Table 1 for representative
confidence intervals [Ref. 6.1].

Nearly all-single input, bistable setpoints could fit into this category; however, for general
indication and measurement, the two-tailed limits are appropriate. To avoid confusion among
the users of uncertainty information, this adjustment generally should not be made unless needed
to prevent operational impact.

Table 1: Proportion Factors for One and Two Sided Uncertainties

Proportion I One-Sided (J) I Two-Sided (K)

75% 0.68 1.15

90% 1.29 1.65

95% 1.65 1.96

99% 2.33 2.58

3. DEPENDENCY

Dependent errors can exist when there is an interaction between two or more effects. Those
interactions could be intradevice (multiple effects acting on one instrument) or inter-device (an
effect causing an interaction between devices). A combination of dependent effects is generally
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assumed to have greater uncertainty than independent effects; though, theoretically the
uncertainty could be smaller. Dependency is only a consideration when errors are not random
and normally distributed.

3.1 Intra-device Dependency

Intra-device dependency exists when the effect of multiple external factors applied
simultaneously is different from when the factors are applied individually and then
combined analytically without consideration of any interaction.

An example of where an intra-device dependency might exist is that between temperature
and pressure for a pressure transmitter using a bellows with a fill fluid. For a given plant
event the pressure and temperature increase in a dependent manner (i.e. due to the single
initiating event both pressure and temperature increase). The increased pressure caused a
force on the outside of the measuring bellows. The increased temperature causes a
change in the density of the fluid used to fill the bellows. In this case both errors are
directional and possible have a specific linear relationship between the change and the
error. Since a single event causes the increase in pressure and temperature and these
changes both cause non-random changes in the device output, a dependency exists
between the errors. Where non-normally distributed random errors are present
dependency must be evaluated.

3.21nter-device Dependency

Inter-device dependency is of concern when a given change in some external factor,
which affects two or more instruments (e.g., power supply voltage or temperature), may
results in a larger error than when they were tested individually and then combined
without concern for a common interaction. In general, there are only three mechanisms
by which interaction can occur. The first is via the intended signal between the
instruments. The second is via a common environment. And the third is via a common
power supply.

As an example two switches are used to measure the difference in inlet and outlet
pressure for a pump and display a pump differential pressure. If each switch has a
temperature error which is a bias, then any temperature change would create a dependent
error for the differential pressure measurement based on the bias change for each switch.
Dependent errors will be treated, as bias or error combination by other than SRSS will be
used.

4. DRIFT EVALUATIONS

A detailed summary is provided in each drift calculation describing the results of that analysis.
The summary provided in the associated drift analysis should be included (all or in part) within
the setpoint calculation. The Vermont Yankee drift calculations provide two-sided and one-sided
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tolerance intervals where appropriate. The drift calculation values may be reduce to lesser
confidence interval values in accordance with Table 1. For all other conditions values should be
selected directly from the drift calculation. There shall be no interpretation of time dependence
or drift value outside of the drift calculation with the exception of confidence interval
adjustment.
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Attachment G: Abnormal and Uniform Uncertainty Distributions

Not all random uncertainties are described by the gaussian or normal distribution. Possible theoretical
distributions include the poisson, binomial, lagrangian, bi-modal, and the subject of this discussion, the
uniform or rectangular distribution.

The uniform distribution is important because many uncertainty terms may be recognizably random but
not understood in sufficient detail to rigorously establish 95/95 tolerance intervals using an underlying
assumption of normality. In particular, for estimated uncertainties, only the upper bound for the
magnitude of uncertainty is known, the frequency distribution remains unknown. However, it is often
reasonable to assume that any uncertainty between the assumed plus and minus limits is equally
probable, which describes the uniform distribution.

All the discussion which follows is based upon Chapter 4 of Uncertainty. Calibration and Probability.
Second Edition, by C. F. Dietrich. Figure 1 illustrates the proportion density function of a uniform
distribution with a semi-range of ±h about the mean value (ji x ) of the random variable, x.

- s I l h

Figure 1: Uniform Distribution, Range = ±h

Since the area under a proportion distribution must be unity (1), the height of the rectangle must be

equal to I . For the uniform distribution, the standard deviation (au) is:
2h

h 2
C= x2Pdx =h

-h ~~3

h
(Yu = ,\
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The proportion of an uncertainty lying between the limits of ± au, for the uniform distribution, is

i/6 = 0.5770, which means that the interval +2au exceeds the range of the entire distribution and the
chance that the uncertainty lies outside the range of -2au to + 2au is zero. Dietrich has exhaustively
evaluated the combination of uniform (rectangular) distributions with other uniform distributions and
with normal distributions. The results of these evaluations are summarized below (from Table 4.68,
Uncertainty, Calibration and Probability).

I I
Probability of an Error

Outside 2a or 3a I
Type of Distribution -26; to +26y -36r to +36y

Uniform (rectangular) 0.00% 0.00%

Combination of 2 similar uniform distributions 3.37% 0.00%

Combination of 3 similar uniform distributions 4.17% 0.00%

Combination of 3 uniform distributions, standard deviations in 3.29% 0.00%
ratio 3:2:1
Combination of 3 uniform distributions, standard deviations in 2.87% 0.00%
ratio 3:1.5:1
Combination of 4 equal uniform distributions 4.20% 0.07%

Combination of 1 uniform distribution with 1 normal 4.01%
distribution of equal standard deviation
Combination of 1 uniform distribution with 1 normal 0.36%
distribution of 1/5 the standard deviation of the uniform
distribution
Normal (Gaussian) distribution 4.55% 0.27%

Quoting from Dietrich:

'The most important point to notice about the results is that the probabilities of an
uncertainty outside either ±2a or ±3a are greater for a Gaussian distribution than for
any of the combinations. This is a highly important point since it means that if we
combine rectangular distributions both with themselves or with Gaussian distributions,
we can always be sure that the probability of an uncertainty greater than ±2o, +3a, etc., is
always less than in the corresponding Gaussian case, and that the true probability will in
general not be much less than the Gaussian one."
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For the purposes of this guide, any random uncertainty, which is bounded by a uniform distribution of
semi-range, h, may be combined with normally distributed uncertainties using SRSS and a uncertainty
value (uu) equal to:

CY 2hus = ±2s =±- >

The principal caution to applying this rule is that the distribution cannot be bi-modal, that is the errors
cannot cluster around the limits with very few cases near the mean, such as would be the case if the
system were operated in one of two modes, with neither predominating, but the errors being mostly
positive in one mode and mostly negative in the other.

1. UNCERTAINTIES WITH ESTIMATED LIMITS, DISTRIBUTION UNKNOWN

In many cases, for environmental error influences particularly, the uncertainty distribution is not
known, only the upper and lower limits are available either by design or estimate. The
ISA-RP67.04 Part II position is that in these cases, the resulting uncertainties are to be treated as
biases. The methodology described by this guide generally follows this recommendation, which
is intended to avoid underestimating the contribution of estimated uncertainties to the total loop
uncertainty, by inappropriately combining non-normally distributed errors with normally
distributed terms using the SRSS method. However, this approach may be overly conservative
for some cases. This guide allows treatment of certain estimated uncertainties as uniform
distributions, which satisfy the following criteria:

1.1. The uncertainty is a random effect or a systematic effect of an influence which is
itself a random variable.

1.2. For the random influence variable under the specific operating conditions
considered, either:

1.2.1. Is equally likely to assume any value within certain known limits or,

1.2.2. Is typically found near a single nominal operating point.

1.3. The random influence variable is symmetrically distributed around its mean value.

An example of such a case would be the process measurement uncertainty (PM) for reactor
vessel level under normal operating conditions, as described in Attachment C. This effect is
systematically related to liquid density, which is in turn dependent upon vessel pressure, vessel
temperature, drywell temperature, and Reactor Building temperature. Since the vessel is at
saturation, vessel density follows pressure, which during normal operations is held very close to
1020 psia. The drywell and Reactor Building temperatures fluctuate daily, seasonally and also in
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response to varying heat loads in the buildings. The net result is that fluid densities in the
measurement system fluctuate randomly around the mean, but not demonstrably according to a
normal distribution. In this case, it would be appropriate to assume the PMn uncertainty is a
uniformly distributed, random variable.

Such is not the case for the same system during an accident. For a LOCA, reactor pressure falls
predictably in response to the loss of coolant, eventually stabilizing at a new value depending
upon the size of the break. Consequently, the vessel and sense line liquid densities would all
decrease, at the limit resulting in a predictable error. In this case, the criteria for randomness are
not satisfied and PMa should be treated as a bias.

2. UNCERTAINTIES WITH KNOWN ABNORMAL DISTRIBUTION

For uncertainties which, as a result of statistical analysis, such as a drift study, are found to be
abnormally distributed, but bounded by a uniform distribution, then the uncertainty may be
treated as a uniform distribution and combined with other uncertainties using the SRSS method.
The bounding distribution is not that which has the same sample standard deviation as the
sample studied, but rather has the same semi-range from the mean as the most extreme (non-
outlier) measurement.

Example

In a transmitter drift study, the mean analyzed drift is found to be 0.1% CS, the most positive
drift value in the study sample is +1.4% CS, most negative is -0.9%. The sample distribution is
not covered by a normal distribution of the same standard deviation. Neglecting the 0.1% mean
offset from zero, the bounding rectangular distribution has a semi-range of 1.4% and the
effective uncertainty is:
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ATTACHMENT H: IST Accuracy Calculation and Calibration Requirements.

In-Service Testing (IST) is intended to monitor degradation of components. The ASME Code does not
require that pumps be tested at design basis conditions. Many plants use the ASME test to verify
compliance with the ASME Code and the pump design basis requirements contained in the plant design
basis documentation such as the FSAR. In this case, additional plant design basis accuracy
considerations need to be properly integrated into surveillance test procedure acceptance criteria.

Instrument accuracy and full scale range limits are important to ensure that pump in-service testing
obtains measurements that permits the detection of pump degradation. It is important to detect pump
degradation during in-service testing so a pump with significant degradation can be repaired prior to the
pump degrading to the point where there is the likelihood that it will not be capable of performing its
safety function if called upon to do so to mitigate the consequences of an accident.

Instrument inaccuracy results in uncertainty in the test measurements. This uncertainty could result in a
scatter of data which could be sufficient to mask changes in pump capability that is indicative of
degradation. This could result in false positive results. To minimize the potential for false positive
results ASME Section XI established criteria for testing instrumentation.

ASME Section XI (1989 Edition, OM-1987/OMa-1988 Addenda) requires testing to assess the
operational readiness of selected centrifugal and positive displacement pumps. Testing criteria uses
reference values established at points of operation readily duplicated during subsequent tests. All
subsequent tests are compared to the initial reference values to monitor degradation. Deviations detected
are symptoms of changes and, depending upon the degree of deviation, indicate need for further tests or
corrective action. The instrumentation relied on to evaluate degradation is intended to be good
commercial grade quality that are repeatable from one test to the next. The ASME OMa-1 988 Addenda
to the OM-1987 Code (Part 6) provides the acceptance criteria for instrumentation to be used in this
application.

1. Accuracy: Per Section 4.6.1, "Instrumentation" refers to station instruments used to trend and
predict pump degradation and must have an accuracy as stipulated in Table I as noted below:

Parameter Accuracy - Percent Full Scale8

Pressure ±2%
Flow Rate ±2%
Speed ±2%
Vibration ±5%
Differential Pressure ±2%

8 Percent fill scale for individual analog, percent total loop accuracy for a combination of instruments, or the calibrated range
for digital instruments. Flow elements are not included in the flow rate accuracy determination.
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2. Range:

a. The full scale range of each analog device shall be <3-times the reference value.
Reference values are established from the preservice testing or the first inservice test.

b. When digital instrumentation is used, the reference value shall be <70% of the calibrated
range.

3. Measurement:

a. Static head based on a filled sensing line (or based on a voided sensing line) where the
absence or presence of fluid could impact a pressure reading by more than 0.25% must be
considered. The consideration could be that verification of the appropriate static head be
made.

b. A differential pressure sensor should be used when monitoring pressure difference across
a pump (although this is not specifically required by the Code). If two separate pressure
gauges are used instead (one at the suction side and one at the discharge side) to
determine differential pressure, the accuracy of each gauge should be Root-Sum-Squared
(RSS) to determine "loop" accuracy (the Code implies that only the individual pressure
gauge accuracy needs to be considered; the RSS approach is a more conservative position
and viewed as appropriate).

The criteria established assumes that conditions are repeatable from one test and the next. As such,
applying a full instrument uncertainty analysis in accordance with ISA SP67.04 does not apply. OMa-
1988, Part 6, Table 1 only considers instrument accuracy and does not take into account attributes such
as orifice plate tolerance, tap locations, and process temperature (also refer to NUREG 1482 Section
5.5.4). ASME/ANSI OMa -1988, Part 6, Section 1.3 defines instrument accuracy as the allowable
inaccuracy of an instrument loop based on the square root of the sum of the square of the inaccuracies of
each instrument or component in the loop. Alternatively, the allowable inaccuracy of an instrument loop
may be based on the output for a known input into the instrument loop. Accuracy is based on full scale
range. Note that if the surveillance test includes the design basis criteria, than additional instrument
uncertainty needs to be applied; design basis surveillance will be addressed as a separate subject.

Per Section 4.6.1.4, instruments shall be calibrated in accordance with the Owner's QA program. New
or repaired instruments shall be calibrated before test use. Based on this, a calibration of test instruments
is not required prior to each test (unless repaired or replaced) and instrument drift is not a required
consideration.

It is anticipated that there will be gradual differences from one test and the next due to changes in
performance. The differences are anticipated to be within predicted bounds. If there are deviations in the
direction of degradation (or in the opposite direction) which are higher than predicted, then an
evaluation of the instrumentation and the parameter being measured is warranted before determining
operability.
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Unless the cause of the excessive deviation is obvious, a calibration of the instrumentation loop should
be performed. A comparison of the "as left" with the "as found" calibration data will determine
instrument drift. If large enough, the instrument drift could be the major contributor to the excessive
results. A successful retest would validate this conclusion. Other parameters which could cause the
measurement system to provide excessive results are extreme differences from one test and the next of:

* Ambient temperature (electronic instrumentation)
* Process temperature (flow)

Example:

Pump differential pressure (DP) is monitored in the control room. An analog DP transmitter and an
analog indicator are used. Reference value is 120 psid. IST on pump DP is performed quarterly; this is
the third quarter test. The transmitter is connected to the process via filled impulse lines. The transmitter
is located 1 0-feet below the process taps. The process taps are located at the pump discharge and suction
along the horizontal plane. Instrument loop calibrations are performed yearly. The instrument
component accuracy specifications are as follows:

Full scale range:
Transmitter:
Indicator:

RSS Method:
Loop cal method:

200 psid
+0.5% of full scale range (Manufacturer's published data)
+2.0% of full scale range (Manufacturer's published data)

±(0.5%/o2 + 2.0%2)12 = ±2.06% of full scale
Input pressure using highly accurate M&TE and reading output from board
indicator. If an input pressure of 120 psid reads at the indictor 122 psid, then the
full scale loop accuracy is 1%.

Evaluation:

1. The criteria of Table 1 is 2% of full scale. The calculated loop accuracy is ±2.05% of full scale.
Therefore, the primary method of determining accuracy criteria is not satisfied. However, an
alternative approach yields an acceptable full scale accuracy of 1%.

2. The transmitter is located below the process line and the tap is center of the pipe. It is maintained
filled by gravity. Therefore, no additional considerations are needed.

3. A single pressure differential monitoring device is used.

4. Calibration has been performed within the past year.

5. The reference value is 120 psid. The full scale range is 200 psig. The full scale range is <3 times
reference.

Therefore, use of this loop is acceptable for IST.
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If a loop calibration is not available, an evaluation of component drift can be applied. In this case, the
accuracy component would be considered to be fully representative by the drift evaluation results.-When
drift is used, it should be evaluated as a Class 3 setpoint and apply the 950/o/75% criteria (95%
probability with a 75% confidence level). This applies providing the calibration is performed in the
direction of interest. Specifically, if the degradation is anticipated to trend in the decreasing direction,
then the calibration must include a verification in the decreasing direction. However, it is preferable that
the calibration be both in the increasing and decreasing direction.
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ATTACHMENT I: Instrument Cross Comparison Averaging Methodology

The difference between a parameters actual (true) value and the value indicated to the operator is the
instrument uncertainty associated with the loop. When the same parameter is being monitored by
multiple loops, the outputs can be combined together to provide an average reading of the parameter

It stands to reason that the more independent readings provided for a given parameter that are averaged
together the averaged loop uncertainty will diminish, For example:

Taken to an extreme, a thousand instrument loops monitor the same temperature parameter.
Each instrument loop exhibits and uncertainty of+ 4° F. This uncertainty is random in nature
and at any time can be positive (+) or negative (-). Taken alone, each loop would be considered
to be accurate to within + 40F. However, when the accuracy component of all 1000 instrument
loops are average together, the random nature of this variation will essentially result in a
negligible uncertainty.

This approach can be applied anytime a variable has multiple readings that are averaged to provide a
single value. It must be recognized that as the number of independent readings decreases, the value of
the uncertainty increases. The uncertainties are not averaged together in a true Average nor is the
uncertainty halved as the monitoring points double. Instead, a nonlinear approach is applied. A
comparison of the techniques discussed follows:

Two temperature readings of the same variable; each loop has an uncertainty of + 50F:

1. Adding uncertainties arithmetically:
Total uncertainty = ± (5 0F+50F) = ± 10F

2. Averaging uncertainties linearly:
Total uncertainty = ± (50F+50F)/2 = ± 50F

3. Averaging uncertainties linearly then dividing the square of the number of loops:
Total uncertainty = ± (50F+50F)/22 = ± 2.50F

4. Averaging uncertainties non-linearly:
Total uncertainty = ± (520F+5 2 0F)l"2/2 = + 3.540F

Extending the above example to include three temperature readings of the same variable; each
again with an uncertainties of + 50F:

1. Adding uncertainties arithmetically:
Total uncertainty = ± (5-F+50F+50F) + 1 50F
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2. Averaging uncertainties linearly.
Total uncertainty = ± (50F+50F+50F)/3 = + 5GF

3. Averaging uncertainties linearly then dividing the square of the number of loops:
Total uncertainty = ± (50F+50F+50F)/32= + 1.70F

4. Averaging uncertainties non-linearly:
Total uncertainty ± (520F+5 2 aF+52°F)l/ 2/3 = + 2.3aF

Options 3 & 4 both provide a method that supports the premise that as the sampling points increase the
uncertainty contribution decreases. Option 3 is basically obtaining the average of the uncertainty of all
the loops and then dividing the averaged uncertainty by the number of loops, or:

Total Uncertainty =± (50F+50F+50F)/3 = + 50F/3 = + 1.70F

However, the non-linear averaging technique (option 4) is a more conservative method. Taken to an
extreme, the non-linear averaging performs as follows:

* 1 Sampling Point: Total Uncertainty = + (I * 520F) 12 /l = + 50F
* 2 Sampling Points: Total Uncertainty =± (2 * 520F)1/2/2 = _ 3.540 F
* 5 Sampling Points: Total Uncertainty = ± (5 * 52 oF)1 12/5 = + 2.20F
* 10 Sampling Points: Total Uncertainty = ± (10 * 52oF)1/ 2 /10 = + 1.60F
* 25 Sampling Points: Total Uncertainty = ± (25 * 520F)I/2/25 = + 1.0'F
* 50 Sampling Points: Total Uncertainty = ± (50 * 52oF)1/ 2/50 = + 0.710F
* 100 Sampling Points: Total Uncertainty = ± (100 * 52oF)1 /2/100 = + 0.50F
* 500 Sampling Points: Total Uncertainty = ± (500 * 52oF)I1/21500 = + 0..22°F
* 1000 Sampling Points: Total Uncertainty = ± (1000 * 52ojF)l/2/1000 = + 0.160F
* 10000 Sampling Points: Total Uncertainty = ± (10000 * 5

2OF)It2 / 100 0 0 + 0.050F

As is evident, the uncertainty approaches zero but can never reach it. The mathematical model for non-
linear averaging is:

Non-linear Average = (A 2 + A22 + AN2 )"2 /BN = + C

Where: Al, A2, AN = Individual loop uncertainty
BN = Total number of loops monitoring the parameter
C = Average uncertainty

This same non-linear average would also be used to perform channel checks. For comparison of two
different channels the two sample point calculation would be used to determine the maximum value of
the difference between the two indications or recordings. The total loop uncertainty associated with the
indications should be used. Where channel checks between multiple channels will be performed the
difference between any two readings is defined as above, however the difference between multiple
channels would be calculated based on the total number of channels evaluated.
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ATTACHMENT J: Instrument Uncertainty and Performance Monitoring

There are several considerations when analyzing instrument uncertainty in regards performance monitoring.

I1. Technical Specifications: Surveillance tests are required to validate operability of selected
components.

2. Component Protection: Limiting conditions are identified which must be satisfied to ensure
damage does not occur to components.

3. Analysis: Values (analytical limits) that are used in safety related analysis.

Unless stipulated otherwise, the values are absolute limits, i.e., "not to be exceeded". These limits
are not nominal values. The limits apply to both manual and automatic functions. Automatic
functions are evaluated as setpoints and are addresses in detail in the Vermont Yankee Setpoint and
Uncertainty Design Guide.

Manual functions, such as Core Spray pump flow surveillance, rely on monitoring instrumentation
to determine performance characteristics. The monitoring instrumentation inherently includes an
accuracy component, which can cause the information presented to the operator to be erroneous,
i.e., instrument uncertainty. To ensure limits are not exceeded, the acceptable value must consider
instrument uncertainty.

The following guidance will apply

1. Custom Technical Specifications (CTS): Limits identified in CTS apply during normal
plant operation. Therefore, only normal operating parameters need to be considered.
These limits fall into two categories:

a. Limits associated with parameters used in safety related analysis, and
b. Limits that are not associated with safety related analysis.

When a parameter is used in a safety related analysis, the CTS operability test
(surveillance test) verifies that the component will perform in a manner that will support
assumptions of the analysis. However, the bases for the CTS values is that as long as the
plant operates within those limits during normal operation, the components will perform
as required when exposed to abnormal conditions.

If a CTS parameter limit is also used in a safety related analysis, the instrument
uncertainty evaluation will require a high degree of rigor. In this case, the uncertainty
analysis would be evaluated as a Class 1 setpoint (95% probability that the true parameter
value is validated by the surveillance test wit a 95% confidence).

If the CTS parameter limit is not used in a safety related analysis, the instrument uncertainty
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evaluation does not require as high a degree of rigor. In this case, the uncertainty analysis
would be evaluated as a Class 3 setpoint (75% probability that the true parameter value is
validated by the surveillance test with a confidence of 95%).

When not sure, the higher level of rigor should be applied. In addition, manufacturer's data
is typically provided as 2 sigma (95%) probabillity. If only manufacturer's data is available,
the 950/o/95% criteria would have to be applied in either case. In all cases, the uncertainty
analysis is to be prepared in accordance with ISA S67.04.

Example #1:

CTS require Core Spray pump surveillance. The CTS limit is 22700 gpm flow at a
discharge pressure of <90 psig. Core Spray flow is a parameter used in a safety related
analysis. The Analytical Limit is 2300 gpm at a discharge pressure of 80 psig.

a. A 95%/o95% uncertainty analysis is required. Assume an indicated flow
uncertainty of +200 gpm and an indicated pressure uncertainty of +7.5 psig.

b. To ensure an actual flow of 22700 gpm, the surveillance criteria must account for
the 200 gpm uncertainty in the indicated reading. Therefore, the acceptance
criteria must be 22900 gpm.

c. To ensure an actual pressure <90 psig, the surveillance criteria must account for
the 7.5 psig uncertainty in the indicated reading. Therefore, the acceptance criteria
must be <82.5 psig.

This approach ensures the Analytical Limit is not compromised. By proving the pump is
operable during normal plant conditions, the pumps will be capable of providing the flow
assumed in the analysis.

Example #2:

CTS require Core Spray pump surveillance. The CTS limit is 22700 gpm flow at a
discharge pressure of <90 psig. Core Spray flow is not a parameter used in a safety
related analysis.

a. A 950/o/75% uncertainty analysis is required. Assume an indicated flow
uncertainty of d1 50 gpm and an indicated pressure uncertainty of 5.0 psig.

b. To ensure an actual flow of 22700 gpm, the surveillance criteria must account for
the 150 gpm uncertainty in the indicated reading. Therefore, the acceptance
criteria must be 2850 gpm.
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c. To ensure an actual pressure <90 psig, the surveillance criteria must account for
the 5.0 psig uncertainty in the indicated reading. Therefore, the acceptance criteria
must be <85.0 psig.

This approach ensures the CTS Limit is not compromised. The pump is operable during
normal plant conditions. It would be expected to perform when called upon to do so.

2. Improved Technical Specifications (ITS): Values identified in ITS are Allowable Values.
They are not limits, but are developed from the analytical limits used in safety related
analysis. ITS includes only the parameters assumed in safety related analysis.

The ITS operability test (surveillance test) verifies that the component will perform in a
manner which will support assumptions of the analysis. The Allowable Value takes into
account the instrument uncertainty associated with the performance monitoring
instrumentation. The uncertainty analysis would be evaluated as a Class 1 setpoint (95%
probability that the true parameter value is validated by the surveillance test 95% of the
time) and is prepared in accordance with ISA S67.04.

In the case of Allowable Value, there is no additional instrument uncertainty to be
considered.

Example:

ITS requires Core Spray pump surveillance. The ITS Allowable Value is >2900 gpm
flow at a discharge pressure of <80 psig. The surveillance test only needs to consider the
Allowable Value as the final acceptance criteria for operability determination. This
approach ensures the Analytical Limit is not compromised. By proving the pump is
operable in within the Allowable Value during normal plant conditions, the pumps will
be capable of providing the flow assumed in the analysis.

3. Component Protection: Limits are imposed on selected equipment to prevent component
damage. These limits are imposed via Operator training and procedures. These limits are
typically mandated by the equipment manufacturer but can also have been determined
from operating experience. These limits are not part of any safety related analysis.
However, it is necessary to conform to the operating limits imposed to ensure the
equipment will be available when required to perform its safety related function.
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Example:

The pump vendor requires a minimum Core Spray pump flow of >300 gpm for the first
half hour of operation and >2000 gpm thereafter. The 300 gpm flow requirement is
automatically satisfied by the design of the Core Spray pump minimum recirculation flow
piping. A setpoint analysis ensures the pump minimum recirculation valve remains open
until there is at least 300 gpm flow. At 2000 gpm, assume an instrument uncertainty of
+250 gpm.

The 2000 gpm minimum flow is controlled by manual Operator action. The operating
procedure must account for the 250 gpm instrument uncertainty. Therefore, to ensure the
2000 gpm pump minimum recirculation flow requirement is satisfied, the procedure must
stipulate a minimum flow of >2500 gpJ be maintained after the first half hour.

4. Safety Related Analysis: Unless otherwise noted, values applied in safety related analysis
are Analytical Limits. Analytical Limits used in a safety related analysis require that the a
high degree of rigor be imposed in the determination of the instrument uncertainty
evaluation. In this case, the uncertainty analysis would be evaluated as a Class 1 setpoint
(95% probability that the true parameter value is validated by the surveillance test 95% of
the time). The uncertainty analysis is to be prepared in accordance with ISA S67.04.

Example:

Core Spray flow is an input to a safety relate analysis. The Analytical Limit is 2300 gpm
based on Operator action during an accident.

a. A 95%/o95% uncertainty analysis is required. Assume an indicated flow
uncertainty of 200 gpm.

b. To ensure an actual flow of 22300 gpm, the Operator action must account for the
250 gpm uncertainty in the indicated reading. Therefore, the acceptance criteria
must be >2550 gpm.

This approach ensures the Analytical Limit is not compromised. The Operator will provide
the flow required to perform the required safety related function and there is assurance that
the safety analysis remains valid.

5. In general, linear instrument loops will have a fixed uncertainty that will apply at any given
reading (such as temperature or pressure). However, non-linear instrument loops will have a
varying uncertainty dependent on where along the scale the reading is taken. To address
flow loop performance operability a series of flow curves should be developed. The flow
curve should consist of:
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a. The pump curve associated with the analytical or performance limit. This curve is
the minimum (or maximum) acceptable set of pump flow and head conditions.
These conditions must be met or exceeded for pump operation. The Technical
Specification limiting Condition for Operation condition. This condition is the
Technical Specification limitations for pressure and flow. The pump curve
design pressure (psig") vs. design flow (gpm), also referred to as the pump head
curve.

b. The final curve to be developed is the required test curve to ensure conformance
to the Technical Specification limit and the Analytical Limit. This curve is based
on the the Technical Specification Limiting condition for operation and the errors
associated with the flow and pressure measurement methods.

1. Determine the error associated with the pressure measurement and flow
measurement methods. These errors may be constant over the range of
measurement or may vary depending on scale position.

2. Select a point on the LCO condition curve. Determine the flow and pressure
coordinates for this point on the curve. Apply the error calculated for the
pressure measurement method to the pressure coordinates of the point and
draw a line parallel to the x axis equivalent to this pressure plus error
(assuming flow and pressure on the LCO curve are for minimum conditions.
Perform the same steps for the flow coordinates. Where these two lines meet
are the coordinates for the equivalent point on the required testing curve.

3. Repeat this process for representative points on the curve until a smooth
required test curve can be drawn.

4. Table 1 shows selection of a point on the curve, the application of flow and
pressure measurement errors and the resulting point on the required test curve.
Note: where errors are not constant for the entire range of measurement, lines
may either converge or diverge.
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All errors have been converted to pressure errors. Note the the data points

6. For certain special testing conditions test personnel may be required to combine
several different variables together to verify acceptability with a single performance
criteria (i.e. flow, temperature, pressure and velocity to determine total developed
head). When this occurs the error associated with each of the measurement methods
must be considered as discussed previously. However, in these special conditions
the method of combining the various inputs to provide a single acceptance criteria
may also generate, significantly magnify or compress the measurement errors. One
method to determine the specific contribution of the measurement and calculation
errors associated with the testing method is discussed below.
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a Perturbation of values to determine weighted values to be used in an SRSS error
combination. This is best explained by a simple example.

Evaluating the following simplified flow formula:

Q = K * Old

It is obvious from the equation that an error associated with the K value would not
have the same impact as an error associated with the delta P term. To determine
the actual impact of errors, evaluate the equation for normal testing conditions.
For this example we will assume that both K and delta P are equal to 100.
1000=100* a

To determine the actual effect of an error for each term, we test each term with an
identical error and evaluate the impact of this error on the result. First assume a
10% error for K:

100 =10*4Ig

900 = 90 * Vi an error of 100 for a positive or negative error

Next assume a 10% error for the delta P term. Note: the error magnitude selected
for the test may not be realistic for all of the different terms. However, the test
must use equivalent values to provide appropriate weighting.

1048.80 = 100i*oo 1
948.68 = 100 * V/90 or an error of 48.8 for a positive error and of 51.32 for
negative errors.

Based on this evaluation if we combined the errors together using an SRSS
approach the delta P error would have a 0.488 or 0.513 (depending upon the
direction of interest) multiplier while the error associated with K would have a
multiplier of 1.
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ATTACHMENT K: Maximum Allowable Deviation Limit

The Improved Technical Specifications (ITS) NUREG 1433 requires instrument channel checks. NUREG
1433 (Standard Technical Specifications General Electric Plants, BWR/4 NUREG-1433 RI April 1995)
defines CHANNEL CHECK as:

"... the qualitative assessment, by observation, of channel behavior during
operation. This determination shall include, where possible, comparison of the
channel indication and status to the other indications or status derived from independent
instrument channels measuring the same parameter".

The Standard Technical Specification Bases for the Channel Check Surveillance Requirement states,

"Performance of the CHANNEL CHECK once every XXX hours ensures that a
gross failure of the instrumentation has no occurred".

A Channel Check is normally a comparison of the parameter indicated on one calibrated channel to a
similar parameter on other calibrated channels. It is based on the assumption that instrument channels
monitoring the same parameter will read approximately the same value. Significant deviations between
instrument channels could be indicative of excess instrument drift in one of the channels or a prelude to a
more serious failure. A Channel Check will detect gross channel failure; thus, it is a key to verifying the
instrumentation continues to operate properly between each channel calibration.

Channel Check acceptance criteria are determined by the plant staff based on a combination of the channel
instrument uncertainties, including indication and readability. If a channel is outside the established criteria,
it could be an indication that the instrument is performing outside its intended functional use.

For Vermont Yankee, the Maximum Allowable Deviation Limit (MADL) defines the allowable difference
between readings of a common parameter. MADL is the largest value difference between channels
measuring the same parameter which can exist before the operability of the channel is questioned. The
industry has not adopted a standard for determining MADL. For MADL analysis, the smaller differences
are the more conservative.

MADL will be determined by combining the random uncertainties associated with an instrument loop using
the Root-Sum-Square methodology. This methodology of combining random and independent uncertainties
is endorsed by ISA S67.04 for setpoint and uncertainty analysis. MADL criteria is to be based on the
following:

1. More than two (2) identical instrument channels monitoring the same parameter - MADL will be
defined as twice the random uncertainty associated with one instrunent channel. When there are
more than two instrument channels random errors should be clearly defined and it should be readily
apparent which channel is in question.

MADL = 2 * ±(A2 + DR2 + CE2 + TEN2)2 Rounded up to the nearest minor division,
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Where:

* A, DR, CE, & TEN are the random uncertainties associated with one channel. Alternately, where
multiple indications being verified are connected to a single transmitter, the terms should be
limited to the errors associated with the unique loop components being compared. The
uncertainty values are provided from manufacturers published specifications, or, where drift
analysis is available,

* A, DR, CE, & TEN (or portion thereof) is the standard deviation representing normal operating
conditions associated with one channel.

2. Two (2) identical instrument channels monitoring the same parameter - MADL will be defined
as the random uncertainty associated with one instrument channel. When there are only two (2)
instrument channels, determining which channel is in question becomes more difficult.
Additional investigation will be needed to determine which channel is not operable.

MADL = I x ±(A2 + DR2 + CE2 + TEN2 )" 2 Rounded up to the nearest minor division,

Where:
* A + DR + CE + TEN are the random uncertainties associated with one channel. Alternately,

where multiple indications being verified are connected to a single transmitter, the terms should
be limited to the errors associated with the unique loop components being compared. The
uncertainty values are provided from manufacturers published specifications, or, where drift
analysis is available.

* A, DR, CE, & TEN (or portion thereof) is the standard deviation representing normal operating
conditions associated with one channel.

3. Two (2) or more instrument channels monitoring the same parameter that differ from each other
- MADL will be defined as a combination of the two channels exhibiting the smallest and largest
random uncertainties. The combination of each channel uncertainty will be by using the standard
RSS methodology.

An example would be to compare eight (8) level loops; four (4) identical channels that are
ranged 100-inches, two (2) identical channels that are ranged 1 1-inches, and two (2) identical
channels that are ranged 60-inches.

Step 1: Determine the random uncertainty associated with each set of identical channels.

MADL-100 = 1 x ±(Al00
2 + DRIoo2 + CE100

2 + TEN1002)12 = X
MADL- 10 = 1 x ±(Al 10

2 + DRI1 0
2 + CE 10

2 + TEN11o2) 1 2 = Y (largest random uncertainty)
MADL-60 = 1 x ±(A6 0

2 + DR6o2 + CE60
2 + TEN6o2 )"2 = Z (smallest random uncertainty)
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MADL al 8 = 1 X Y(Y2 + Z2 )1"2 Rounded up to the nearest one-half of a minor division where
possible. In some cases, an adjustment might be required due to scaling differences. This
adjustment should be based on engineering judgement keeping the MADL as close as practical to
the value determined above yet providing a value that can be read from all scales.

Where:

* A, DR, CE, & TEN are the random uncertainties associated with one channel. The
uncertainty values are provided from manufacturers published specifications, or,
where drift analysis is available,

* A, DR, CE, & TEN (or portion thereof) is the standard deviation representing normal
operating conditions associated with one channel.

* X, Y, & Z are the RSS values associated with the random uncertainties associated with
each identical channel.

* MADL all 8 is the RSS value associated with the channels exhibiting the smallest and
largest random uncertainty.
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DRIFT ANALYSIS DESIGN GUIDE
1. OBJECTIVE/PURPOSE

The objective of this Design Guide is to provide the necessary detail and guidance to perform drift
analysis using past calibration history data for the purposes of:

* Quantifying component/loop drift characteristics within defined probability limits to gain an
understanding of the expected behavior for the component/loop by evaluating past performance.

* Estimating component/loop drift for integration into setpoint programs.

* Analysis aid for reliability centered maintenance practices (e.g., optimizing calibration
frequency).

* Establishing a technical basis for extending calibration and surveillance intervals using historical
calibration data.

* Evaluating extended surveillance intervals in support of longer fuel cycles.

2. DRIFT ANALYSIS SCOPE

The scope of this design guide is limited to the calculation of the expected performance for a
component, group of components or loop utilizing past calibration data. The results obtained
from a completed data analysis will be incorporated into a Drift Calculation in accordance with
Yankee Procedure WE-103 or Vermont Yankee Procedure AP-0017. The Drift Calculation(s)
are the final product of the data analysis and will document the use of the drift data for the
purposes listed in Section 1. The SetpointlUncertainty calculations will incorporate the values
documented in the Drift Calculations for the applications specific to a given loop or component
(e.g. Tolerance Interval Factors for other than 95% /95%, single side of interest setpoints,
combination of uncertainties for multiple components in a given loop, etc.). (Ref. 7.2.1 & 7.2.2)

This design guide is applicable to all devices which are surveilled or calibrated where as found
and as left data is recorded. The scope of this design guide includes but is not limited to the
following list of devices:

* Transmitters (Differential Pressure, Flow, Level, Pressure, Temperature, etc.)
* Bistables (Master & Slave Trip Units, Alarm Units, etc.)
* Indicators (Analog, Digital)
* Switches (Differential Pressure, Flow, Level, Position, Pressure, Temperature, etc.)
* Signal Conditioners/Converters (Summers, E/P Converters, Square Root Converters, etc.)
* Recorders (Temperature, Pressure, Flow, Level, etc.)
* Monitors & Modules (Radiation, Neutron, H202, Pre-Amplifiers, etc.)

I
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* Relaysl(Time Delay, Undervoltage, Overvoltage, etc.)
* Power Supplies

3. DISCUSSION/METHODOLOGY

3.1 Methodology Options

This design guide is written to provide the methodology necessary for the analysis of as found versus
as left calibration data as a means of characterizing the performance of a component or group of
components via the following methods:

3.1.1 Electric Power Research Institute (EPRI) has developed a guideline to provide nuclear
plants with practical methods for analyzing historic component calibration data to predict
component performance via a simple spreadsheet program (e.g., Excel, Lotus 1-2-3).
This design guide is written in close adherence to Report "EPRI TR-103335, Rev. 1,
GUIDELiNES FOR INSTRUMENT CALIBRATION EXTENSION/REDUCTION
PROGRAMS" which meets the intent of the comments provided by the NRC review of
the EPRI TR-103335. This design guide provides detailed instructions for use of
Microsoft Excel to analyze the raw as found/as left calibration data.

(Ref. 7.1.1, 7.4.9 & 7.4.6)

) 3.1.2 Commercial Grade Software programs other than Microsoft Excel (e.g. IPASS, Lotus 1-
2-3, SYSTAT, etc.) that will perform the functions necessary to evaluate drift may be
utilized providing:

* the intent of this design guide is met as outlined in Reference 7.1.1.(Ref. 7.1.1)
* that software verification and validation is performed in accordance with WE-

103 and WE-108. (Ref. 7.2.1 & 7.2.3)

2 Software Verification And Validation

3.2.1 The software selected to perform a data analysis must meet the requirements of
WE-103 and WE-108. (Ref. 7.2.1 & 7.2.3)

3.2.2 The first drift analysis performed (VYC-1599 Rev. 0, Attachment 1) using
Revision 0 of this Design Guide and Microsoft Excel Version 5.0 was 100%
mathematically verified using a hand calculator. Subsequent drift analyses
utilized the verified analysis as a template and performed random manual
verifications of each spreadsheet. The upgrade from Microsoft Excel Version 5.0
to 97SR-2 was verified to provide the same results in both versions by rerunning
VYC-1599 Rev. 0 using Microsoft Excel Version 97SR-2

(see Attachment 2).(Att. 1 & 2)

I
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3.2.3 The final product of the data analysis is the hard copy Drift Calculation which is
controlled by AP-0017 or WE-103 as a QA document. The electronic files are an
intermediate step from raw data to final product and is not controlled as a QA file.
All data contained in the electronic files is recoverable from QA calibration

records controlled by DCC. (Ref. 7.2.1 & 7.2.2)

3.2.4 Microsoft Excel stores numbers with 15 digits of accuracy, all calculation outputs
displayed within the calculations are rounded from the values stored by Microsoft
Excel. Rounding errors induced by Microsoft Excel are assumed to be negligible
within the calculations. (Ref. 7.4.6)

3.3 Data Analysis Discussion

The following data analysis methods were evaluated for use at Vermont Yankee; As Found
Versus Setpoint, Worst Case - As Found Versus As Left, Combined Calibration Data Points
Analysis and As Found Versus As Left. The evaluation concluded that the As Found versus
As Left methodology provided results that were more representative of the data and has been
chosen for use by this Design Guide. Statistical tests not covered by this design guide may
be utilized providing the Engineer performing the analysis adequately justifies the use of the
tests.

) 3.3.1 As Found Versus As Left Calibration Data Analysis

The as found versus as left calibration data analysis is based on calculating drift by
subtracting the previous as left component setting from the current as found setting.
Each calibration point is treated as an independent set of data for purposes of
characterizing drift across the full calibrated span of the component/loop. By
evaluating as found versus as left data for a component/loop or a similar group of
components/loops, the following information may be obtained:

* The typical component/loop drift between calibrations (Random in nature).

* Any tendency for the component/loop to drift in a particular direction (Bias).

* Any tendency for the component/loop drift to increase in magnitude over time
(Time Dependent).

* Confirmation that the selected setting or calibration tolerance is appropriate or
achievable for the component/loop.

I



Vermont Yankee Revision 1 ( June 7, 1999)
INSTRUMENT DRIFT ANALYSIS Appendix E
DESIGN GUIDE Page 4 of 53

3.3.1.1 General Features Of As Found Versus As Left Analysis

* The methodology evaluates historical calibration data only. The method
does not monitor on-line component output; data is obtained from
component calibration records.

* Present and future performance is predicted based on statistical analysis of
past performance.

* Data is readily available from component calibration records. Data can be
analyzed from plant startup to the present or from time of device
installation.

* Since only historical data is evaluated, the method is not intended as a tool
to identify individual faulty components, although it can be used to
demonstrate that a particular component model or application historically
performs poorly.

) * A similar class of components, i.e., same make, model, or application, is
evaluated. For example, the method can determine the drift of all analog
indicators of a certain type installed in the control room.

* The methodology is less suitable for evaluating the drift of a single
component over time due to statistical analysis penalties that occur with
smaller sample sizes.

* The methodology is based on actual calibration data and is thus traceable
to calibration standards.

* The methodology obtains a value of drift for a particular component model
that can be used in component uncertainty and setpoint calculations.

* The methodology is designed to support the analysis of longer calibration
intervals due to fuel cycle extensions and is consistent with the NRC
expectations described in Generic Letter 91-04, Changes in Technical
Specification Surveillance Intervals to Accommodate a 24-Month Fuel
Cycle. (Ref. 7.4.2)
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3.3.1.2 Error And Uncertainty Content In As Found Versus As Left Calibration
Data

The as found versus the as left data includes several sources of uncertainty
over and above component drift. The following is a list of uncertainties
which may be included in drift data obtained through analyzing the as
found versus as left data:

* Accuracy errors present during the two calibrations.

* Measurement and test equipment error present during the two
calibrations.

* Personnel-induced or human-related variation or error during the two
calibrations.

* Normal temperature effects due to a difference in ambient temperature
between the two calibrations.

* Power Supply variations between the two calibrations.

* Environmental effects on component performance, e.g., radiation,
humidity, vibration, etc., between the two calibrations that cause a shift in
component output.
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* Misapplication, improper installation, or other operating effects that effect
component calibration during the period between calibrations.

* True drift representing a change, time-dependent or otherwise, in
component/loop output over the time period between calibrations.

3.3.1.3 Potential Impacts Of As Found Versus As Left Data Analysis

Many of the bulleted items listed in step 3.3.1.2 are not expected to have a
significant effect on the measured as found and as left settings. Because
there are so many independent parameters contributing to the possible
variance in calibration data, they will all be considered together and
termed the component's Analyzed Drift (ADR or DA) uncertainty. This
approach has the following potential impacts on an analysis of the
component's calibration data:

* The magnitude of the calculated variation may be conservative and thus
may exceed any assumptions or manufacturer predictions regarding drift.
Attempts to validate manufacturer's performance claims should consider
the possible contributors listed in step 3.3.1.2 to the calculated drift.

* The magnitude of the calculated variation that includes all of the above
sources of uncertainty may mask any "true" time-dependent drift. In other
words, the analysis of as found versus as left data may not demonstrate any
time dependency. This does not mean that time-dependent drift does not
exist, only that it is so small that it is negligible in the cumulative effects
of component uncertainty when all of the above sources of uncertainty are
combined.

4 Assignment Of Rigor For The Analysis

3.4.1 What is Rigor?

The term "Rigor" is defined for the purposes of this Design Guide as the degree of strictness
applied to the analysis and the results of the analysis. For example, a safety related
component used to satisfy a Technical Specification value would have the highest degree of
strictness applied when performing the analysis and associated calculations.

3.4.2 Rigor Levels

This Design Guide assigns four levels of rigor when performing data analyses and the
associated calculations. See Reference 7.1.6 for further information. (Ref. 7.1.6)
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NOTE: The default Tolerance Interval Factor (TIF) for all Drift Calculations performed using this
Design Guide, regardless of Rigor Level, will be 95%o195% (Standard statistics term meaning
that the results have a 95% confidence (y) that at least 95% of the population will lie between
the stated interval (P) for a sample size (n)). Any reduction in TIF will be shown in addition
to the 95%195% value with a detailed discussion provided for the basis of reducing the TIP.

3.4.2.1 Rigor Level 1 - Components that perform functions which satisfy a
specific Technical Specification value. For example, PT-2-3-55A(M) and
associated loop provides a Reactor SCRAM Signal through the RPS for
High Reactor Pressure and is listed in the Technical Specifications with a
specific trip value. Components/loops that fall into this level of rigor
must:

* be included in the data group if the analyzed drift value is to be applied to
the component/loop in a Setpoint/Uncertainty Calculation.

* use the 95 /95% TIP for determination of the Analyzed Drift term. (See
step 0 and Table 1 - Equipment Summary)

* be evaluated in the SetpointlUncertainty Calculation for application of the
Analyzed Drift term (e.g. The ADR term may include the normal

) temperature effects for a given device but, due to the impossibility of
separating out that specific term an additional temperature uncertainty may
be included in the SetpointlUncertainty Calculation).

3.4.2.2 Rigor Level 2 - Components/loops that perform functions that are required
by; the Technical Specifications with no specific values listed, the FSAR,
Reg. Guide 1.97, Appendix R and Electrical Coordination Equipment.
Components/loops that fall into this level of rigor must meet the
requirements of Rigor Level 1 with the exception of the TIF which may be
reduced to 90%/95%. Design Engineering is responsible for determining
if the use of less restrictive TIF is permissible for any given evaluation.
(See step 0 and Attachment 3 for TIF's)

3.4.2.3 Rigor Level 3 - Components/loops that perform functions that are not
covered by the Technical Specifications, FSAR, Reg. Guide 1.97,
Appendix R or Electrical Coordination Equipment but provide a system
related function (e.g. Pump Trip on High Vibration, Air Compressor Trip
on High Temperature, etc.). Components/loops that fall into this level of
rigor:
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* do not need to be included in the data group provided they are
adequately represented by the data in the analysis group. Refer to
Section 3.6 for further clarification.

* may use less restrictive TIF for determination of the Analyzed Drift
term up to and including 75/95%. Design Engineering is responsible
for determining if the use of less restrictive TIF is permissible for any
given evaluation. (See step 3.5.2.1 and Attachment 3 for TIF's)

* may use the Analyzed Drift term in the Setpoint/Uncertainty
Calculation without taking additional uncertainty penalties for
component accuracy errors, M&TE errors, personnel-induced or
human related errors, ambient temperature and other environmental
effects, power supply effects, misapplication errors and true
component drift. Design Engineering is responsible for determining
the need for additional uncertainty penalties for any given evaluation.

3.4.2.4 Rigor Level 4 - Components/loops that perform functions that do not
fall into the other 3 levels of rigor. Components/loops that fall into
this level of rigor must meet the requirements of Rigor Level 3.

3.5 Calibration Data Collection

3.5.1 Sources And Location Of Data

The sources of data to perform a drift analysis are Surveillance Tests, Calibration
Procedures and other calibration processes (MPAC calibration files, calibration
sheets for Balance of Plant devices, Preventative Maintenance Routes, VISI Cards,
etc.). The location of the completed Surveillance Tests, Calibration Procedures and
other calibration processes are listed below.

3.5.1.1 Completed Surveillance Tests and Calibration Procedures are stored in the
following locations:

* Most recently completed surveillance tests or calibration procedures are
maintained in filing cabinets located in the associated departments.

* Document Control Center (DCC) maintains the surveillance tests or
calibration procedures that have not yet been scanned or microfilmed in
filing cabinets in DCC.
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* DCC maintains a database for the surveillance tests or calibration
procedures that have been scanned and stored on optical disk. The data
and or its location is retrievable through the "VYDCC" database on the
network or by request to DCC. (Ref. 7.4.4)

* DCC maintains a database for the surveillance tests or calibration
procedures that have been microfilmed. The location of the data is
retrievable through the "DATAFIND" database on the network or by
request to DCC. (Ref. 7.4.5)

3.5.1.2 MPAC Calibration Files and Calibration Sheets.

* The MPAC Calibration Files are accessible through the VY Custom
Menu, I&C Custom Menu A, Calibration Data by Equipment Number
selection. (Ref. 7.4.3)

* The Calibration Sheets prior to 1991 are stored on microfilm by Balance
of Plant Procedure Number or on VISI Cards. The location of the data is
retrievable through the "DATAFIND" database on the network or by
request to DCC. (Ref. 7.4.5)

* The Calibration Sheets from 1991 to present are stored on microfilm or
optical disk by device number and or work order number. The work order
numbers that perform calibrations for any given device are accessible
through page 4 (EQUIPMENT WORK ORDER INQUIRY) of
EQUIPMENT INQUIRY under the MAINTENANCE PLANNING
SYSTEM in MPAC. A search of the DATAFIND and VYDCC databases
using the equipment number and associated work order numbers will
provide the location of the data. (Ref. 7.4.3, 7.4.4 & 7.4.5)

3.5.2 How Much Data To Collect

3.5.2.1 The goal is to collect enough data for the instrument or group of
instruments as to make a statistically valid pool. There is no hard fast
number that must be attained for any given pool. Table 1 provides the
95%/95% TIF for various sample pool sizes, it should be noted that the
smaller the pool the larger the penalty. A tolerance interval is a statement
of probability that a certain proportion of the total population is contained
within a defined set of bounds. The tolerance interval description also
includes an assessment of the level of confidence in the statement of
probability. For example, a 95o/95% TIF indicates a 95% level of
confidence that 95% of the population is contained within the stated
interval.
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Table 1 - 95%/95%Tolerance Interval Factors
Sample Size 95%/95% Sample 95%195 Sample 95%195

Size % Size %
Ž2 37.674 23 2.673 2 120 2.205
-3 9.916 24 2.651 2Ž130 2.194
24 6.370 25 2.631 >Ž140 2.184
Ž5 5.079 2>26 2.612 Ž 150 2.175
2Ž6 4.414 Ž 27 2.595 2 160 2.167
27 4.007 2 30 2.549 2170 2.160
28 3.732 235 2.490 2180 2.154
29 3.532 - 40 2.445 2Ž190 2.148

210 3.379 2 45 2.408 Ž 200 2.143
211 3.259 Ž 50 2.379 _2250 2.121
2 12 3.162 2Ž55 2.354 2Ž300 2.106
2Ž13 3.081 2 60 2.333 2Ž400 2.084
2Ž14 3.012 Ž 65 2.315 2Ž500 2.070
2 15 2.954 2Ž70 2.299 2 600 2.060
2 16 2.903 > 75 2.285 2 700 2.052
> 17 2.858 2 80 2.272 Ž 800 2.046
2 18 2.819 2Ž85 2.261 2Ž900 2.040
2 19 2.784 Ž 90 2.251 1000 2.036
2Ž20 2.752 > 95 2.241 co 1.960
2Ž21 2.723 2 100 2.233
Ž 22 2.697 Ž 110 2.218 ,

)

Note: Attachment 3 provides tolerance interval factors for 75%/75% through
99%199.9%.

3.5.2.2 The end purpose of the analysis determines the types of components that
require evaluation. Different information may be needed depending on the
analysis purpose, therefore, the total population of components - all
makes, models, and applications - that will be analyzed must be known.
(e.g. All Rosemount Trip Units)
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3.5.2.3 Once the total population of components is known, the components should
be grouped into functionally equivalent groups. Each grouping is treated
as a separate population for analysis purposes. (e.g. Starting with all
Rosemount Trip Units as the initial group and breaking them down into
various sub groups - 710 Masters, 710 Slaves, 510 Masters, 510 Slaves,
Increasing Setpoints, Decreasing Setpoints, Monthly Calibrations,
Quarterly Calibrations, etc.).

3.5.2.4 Not all components or available calibration data points need to be
analyzed within each group in order to establish statistical performance
limits for the group. However, devices contained in rigor levels 1 & 2 (see
step 3.4.2) must be contained in the analysis group. Acquisition of data
should be considered from different perspectives:

* For each grouping, a large enough sample of components should be
randomly selected from the population so that there is assurance that the
evaluated components are representative of the entire population. By
randomly selecting the components and confirming that the behavior of
the randomly selected components is similar, a basis for not evaluating the
entire population can be established. For sensors, a random sample from
the population should include representation of all desired component
spans and functions. It may be difficult to justify the application of
analysis results to a sensor whose span or function was not represented in
the data set.

* For each selected component in the sample, enough historic calibration
data should be provided to ensure that the component's performance over
time is understood.

* The number of components as well as the number of years back in time to
be evaluated for each component requires a careful balance. Ten year old
information may not be as relevant as the most current calibration
information, but it can be used to establish any time-dependent trends in
the components' performance. For example, one approach to managing
the quantity of data might be to analyze only the last as found versus as
left value for each and every component within the grouped population.
Although the population is completely represented in this case, there may
not be adequate data to determine any more than the most cursory time-
dependent analysis of the results.

* On the other hand, suppose the grouped population consists of 75
components for which monthly surveillance data is available. Choosing to
analyze the last 10 years of monthly data for 2 components may provide as
many as 240 data points which sounds like a lot of data. Unfortunately,
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there is little diversity in the data and the 240 data points are not actually a
random sample of the total population. In this case, more components
should be selected for analysis with perhaps only the last 5 years of data
included in the analysis for each component allowing a manageable
sample size.

* A key consideration when selecting the data population is for what
purpose is the analysis being performed. Data grouping and population
sets for an analysis performed to gain insight into long-term drift
variations will differ significantly from an analysis aimed at understanding
the current behavior of a group of components.

3.6 Categorizing Calibration Data

3.6.1 Grouping Calibration Data

One analysis goal should be to combine functionally equivalent components (components
with similar design and performance characteristics) into a single group. In some cases, all
components of a particular manufacturer make and model can be combined into a single
sample. In other cases, virtually no grouping of data beyond a particular component make,
model, and specific span or application may be possible. Some examples of groupings that

) may be possible include but are not limited to the following:

3.6.1.1 Small Groupings

* All devices of same manufacturer, model and range covered by the same
Surveillance Test.

* All trip units used to monitor a specific parameter (assuming that all trip
units are the same manufacturer, model and range).

3.6.1.2 Larger Groupings

* All transmitters of a specific manufacturer, model that have similar spans
and performance requirements.

* All Rosemount trip units with functionally equivalent model numbers.

* All control room analog indicators of a specific manufacturer and model.

3.6.2 Rationale For Grouping Components Into A Larger Sample

* A single component analysis may result in too few data points to make statistically
meaningful performance predictions.
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* Smaller sample sizes associated with a single component may unduly penalize
performance predictions by applying a larger uncertainty factor to account for the
smaller data set. Larger sample sizes reflect a greater understanding and assurance of
representative data which in turn reduces the uncertainty factor.

* Large groupings of components into a sample set for a single population ultimately
allows the user to state the plant-specific performance for a particular make and
model of component. For example, the user may state, 'Main Steam Flow
Transmitters have historically drifted by less than 1%", or "All control room
indicators of a particular make and model have historically drifted by less that 1.5%".

* An analysis of smaller sample sizes is more likely to be influenced by non-
representative variations of a single component (outliers).

* Grouping similar components together rather than analyzing them separately is more
efficient and minimizes the number of separate calculations that must be maintained.
Each new calculation at a nuclear plant involves a certain ongoing operations and
maintenance expense even if only because it is another quality document in the
system.

! 3.6.3 Considerations When Combining Components Into A Single Group

Grouping components together into a sample set for a single population does not have to
become a complicated effort. Most components can be categorized readily into the
appropriate population. Consider the following guidelines when grouping functionally
equivalent components together.

* If performed on a type-of -component basis, component groupings should usually
be established down to the manufacturer make and model, as a minimum. For
example, mixing Rosemount transmitters in the same analysis as General Electric
or Barton transmitters should not be done. The principles of operation are
different for the various manufacturers and combining the data might mask some
trend for one type of component. This said, it may be desirable to combine groups
of components for certain studies. If dissimilar component types are combined, a
separate analysis of each component type should still be completed to ensure
analysis results of the mixed population are not misinterpreted or misapplied.

* Sensors of the same manufacturer make and model, but with different calibrated
spans or elevated zero points, can possibly still be combined into a single group.
For example, a single analysis that determines the drift for all Rosemount 1153
pressure transmitters installed onsite might simplify the application of the results.
Note that some manufacturers provide a predicted accuracy and drift value for a

given component model, regardless of its span. However, the validity of
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combining components with a variation of span ranging from tens of pounds to
several thousand pounds should be confirmed. As part of the analysis, the
performance of components within each span should be compared to the overall
expected performance to determine if any differences are evident between
components with different spans. See step 3.6.4 for more information.

* Components combined into a single grouping should be exposed to similar
calibration or surveillance conditions, as applicable. Note that the term operating
condition was not used in this case. Although it is desirable that the grouped
components perform similar functions, the method by which the data is obtained
for this analysis is also significant. If half the components are calibrated in the
summer at 900F and the other half in the winter at 400F, a difference in observed
drift between the data for the two sets of components may exist. In many cases,
ambient temperature variations are not expected to have a large effect since the
components are located in environmentally controlled areas.

* Avoid using historical calibration data for components that have been replaced or
are no longer in service. The analysis results should be based on the performance
of currently installed components.

3.6.4 Verification That Data Grouping Is Appropriate

* Combining functionally equivalent components into a single group for analysis
purposes may simplify the scope of work; however, some level of verification
should be performed to confirm that the selected component grouping is
appropriate. As an example, the manufacturer may claim the same accuracy and
drift specifications for two components of the same model, but with different
ranges, e.g., 0-5 PSIG and 0-3000 PSIG. However, in actual application,
components of one range may perform differently than components of another
range.

* Standard statistics texts provide methods that can be used to determine if data
from similar types of components can be pooled into a single group. If different
groups of components have essentially equal variances and means at the desired
statistical level, the data for the groups can be pooled into a single group.
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A t-Test (two samples assuming unequal variances) should also be performed on
the proposed components to be grouped. The t-Test returns the probability
associated with a Student's t-Test to determine whether two samples are likely to
have come from the same two underlying populations that have unequal
variances. If for example, the proposed group contains 5 sub-groups the t-Tests
should be performed on all possible combinations for the groupings. The
following formula is used to determine the test statistic value t.

- 2 - (Ref. 7.4.6)
Si S2

nI n2

Where;
tv - test statistic
n - Total number of data points.
x - Mean of the samples.
s2 - Pooled variance
A0 - Hypothesized mean difference.

3.6.5 Examples Of Proven Groupings:

* All control room indicators receiving a 4-2OmADC (or 1-5VDC) signal. Notice
that a combined grouping may be possible even though the indicators have
different indication spans. For example, a 12 mADC signal should move the
indicator pointer to the 50% of span position on each indicator scale regardless of
the span indicated on the face plate (exceptions are non-linear meter scales).

* All control room bistables of similar make or model tested monthly for Technical
Specification surveillances. Note that this assumes that all bistables are tested in a
similar manner and have the same input range, e.g., a 1-5VDC or 4-20mADC
spans.

* A specific type of pressure transmitter used for similar applications in the plant in
which the operating and calibration environment does not vary significantly
between applications or location.

* A group of transmitters of the same make and model, but with different spans,
given that a review confirms that the transmitters of different spans have similar
performance characteristics.
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3.6.6 Using Data From Other Nuclear Power Plants:

It is acceptable, although not recommended, to pool Vermont Yankee Plant
specific data with data obtained from other utilities providing the
requirements of step 3.6.4 are met and the data can be verified to be of high
quality.

3.7 Outlier Analysis

An outlier is a data point significantly different in value from the rest of the sample. The
presence of an outlier or multiple outliers in the sample of component or group data may
result in the calculation of a larger than expected sample standard deviation and tolerance
interval. Calibration data can contain outliers for several reasons that permit correction of
the data or rejection of these data points from the sample. Examples include:

* Data Transcription Errors - Calibration data can be recorded incorrectly either on
the original calibration data sheet or in the spreadsheet program used to analyze the
data.

* Calibration Errors - Improper setting of a device at the time of calibration. Would
indicate larger than normal drift during the next subsequent calibration.

* Measuring & Test Equipment Errors - Improperly selected or miscalibrated test
equipment could indicate drift when little or no drift was actually present.

* Scaling or Setpoint Changes - Changes in scaling or setpoints can appear in the data
as a larger than actual drift point unless the change is detected during the data entry
or screening process.

* Failed Instruments - Calibrations are occasionally performed to verify proper
operation due to erratic indications, spurious alarms, etc.. These calibrations may
be indicative of component failure and not drift which would introduce errors that
are not representative of the device performance during routine conditions.

* Design or Application Deficiencies - An analysis of calibration data may indicate a
particular component that always tends to drift significantly more than all other
similar components installed in the plant. In this case, the component may need an
evaluation for the possibility of a design, application, or installation problem.
Including this particular component in the same population as the other similar
components may skew the drift analysis results.
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)

3.7.1 Detection of Outliers

There are several methods for determining the presence of outliers. This design
guide utilizes the Critical Values for t-Test (Extreme Studentized Deviate). The t-
Test utilizes the values listed in Table 2 with an upper significance level of 5% to
compare a given data point against. Note that the critical value of t increases as the
sample size increases. This signifies that as the sample size grows, it is more likely
that the sample is truly representative of the population. The t-Test assumes that the
data is normally distributed which should be proven prior to performance of the t-
Test.

,)

Table 2 - Critical Values For t-Test
Sample Size Upper 5% Sample Size Upper 5%

Significance Level Significance
Level

•3 1.15 22 2.60
4 1.46 23 2.62
5 1.67 24 2.64
6 1.82 25 2.66
7 1.94 . <30 2.75
8 2.03 < 35 2.82
9 2.11 •540 2.87
10 2.18 < 45 2.92
11 2.23 • 50 2.96
12 2.29 5 60 3.03
13 2.33 < 70 3.09
14 2.37 • 75 3.10
15 2.41 :5<80 3.14
16 2.44 < 90 3.18
17 2.47 < 100 3.21
18 2.50 •5125 3.28
19 2.53 <•150 3.33
20 2.56 >150 4.00
21 2.58
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3.7.2 t-Test Outlier Detection Equation

tx= -1xi

S
(Ref. 7.1.1)

Where;

xiXi

s

t

- An individual sample data point
- Mean of all sample data points
- Standard deviation of all sample data points
- Calculated value of extreme studentized deviate that is compared to the

critical value of t for the sample size

3.7.3 Outlier Expulsion

!

Outliers may be excluded from the sample pool providing justification is provided
for each outlier. See some outlier examples provided in the bulleted items listed
above in Section 3.7. Multiple outlier tests or passes is not recommended by this
Design Guide. -

3.8 Methods For Verifying Normality

A test for normality can be important because many frequently used statistical methods are based
upon an assumption that the data is normally distributed. This assumption applies to the analysis
of component calibration data also. For example, the following analyses may rely on an assumption
that the data is normally distributed:

* Determination of a tolerance interval that bounds a stated proportion of the population
based on calculation of mean and standard deviation.

* Identification of outliers.

* Pooling of data from different samples into a single population.
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The normal distribution occurs frequently and is an excellent approximation to describe many
processes. Testing the assumption of normality is important to confirm that the data appears
to fit the model of a normal distribution, but tests will not prove that the normal distribution
is a correct model for the data. At best, it can only be found that the data is reasonably
consistent with the characteristics of a normal distribution. For example, some tests for
normality will only allow the rejection of the hypothesis that the data is not normally
distributed. This does not mean the data is normally distributed; it only means that there is
no evidence to say that it is not normally distributed.

Distribution-free techniques are available when the data is not normally distributed;
however, these techniques are not as well known and often result in penalizing the results
by calculating tolerance intervals that are substantially larger than the normal distribution
equivalent. There is a good reason to demonstrate that the data is normally distributed or
can be bounded by the assumption of normality.

Analytically verifying that a sample appears to be normally distributed usually invokes a
form of statistics known as hypothesis testing. In general, a hypothesis test includes the
following steps:

1) Statement of the hypothesis to be tested and any assumptions.
2) Statement of a level of significance to use as the basis for acceptance or rejection of

) the hypothesis.
3) Determination of a test statistic and a critical region.
4) Calculation of the appropriate statistics to compare against the test statistic.
5) Statement of conclusions.

The following sections discuss various ways in which the assumption of normality can be
verified to be consistent with the data or can be claimed to be a conservative representation
of the actual data. Analytical hypothesis testing as well as more subjective graphical
analyses are discussed. The following are methods for assessing normality:

3.8.1 Chi-Squared, x2, Goodness of Fit Test

This well known test is stated as a method for assessing normality in ISA-
RP67.04, Recommended Practice, Methodologies for the Determination of
Setpoints for Nuclear Safety-Related Instrumentation. The x2 test compares the
actual distribution of sample values to the expected distribution. The expected
values are calculated by using the normal mean and standard deviation for the
sample. If the distribution is normally or approximately normally distributed, the
difference between the actual versus expected values should be very small. And,
if the distribution is not normally distributed, the differences should be significant.

(Ref. 7.1.2)
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3.8.1.1 Equations To Perform The x2Test

1) First calculate the mean for the sample group

j= Ex
n

Where;
xi - An individual sample data point
X - Mean of all sample data points
n - Total number of data points

(Ref. 7.1.1)

2) Second calculate the standard deviation for the sample group

nEx - (ox)
S n(n - 1)

(Ref. 7.1.1)

Where;
x -Sampledatavalues(xl,x2,x3 ...... )
s - Standard deviation of all sample data points
n - Total number of data points

3) Third the data must be divided into bins to aid in determination of a
normal distribution. The number of bins selected is up to the individual
performing the analysis. Refer to Reference 7.1.1 for further guidance.

)

4) Fourth calculate the X2 value for the sample group

2 ni n- 1)

=In(n - 1)
E, = NP 1

(Ref. 7.1.1)

Where;
E, - Expected values for the sample
N - Total number of samples in the population
Pi - Probability that a given sample will be contained in a bin
Oi - Observed sample values (01, 02,03,. )
x2 - Chi squared result

3.8.2 W Test

This test is recommended by ANSI N15.15-1974, Assessment of the Assumption of
Normality (Employing Individual Observed Values), for sample sizes less than 50. The W
Test calculates a test statistic value for the sample population and compares the calculated
value to the critical values for W which are tabulated in ANSI N15.15. The W test is a
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lower-tailed test. Thus if the calculated value of W is less than the critical value of W, the
assumption of normality would be rejected at the stated significance level. If the calculated
value of W is larger than the critical value of W, there is no evidence to reject the assumption
of normality. For the equations required to perform a W test refer to the reference listed.

(Ref. 7.1.4)

3.8.3 D-Prime Test

This test is recommended by ANSI N15.15-1974, Assessment of the Assumption of
Normality (Employing Individual Observed Values), for moderate to large sample sizes.
The D' Test calculates a test statistic value for the sample population and compares the
calculated value to the values for the D' percentage points of the distribution which are
tabulated in ANSI N15.15. The D' Test is two-sided, which effectively means that the
calculated D' must be bounded by the two-sided percentage points at the stated level of
significance. For the given sample size, the calculated value of D' must lie within the two
values provided in the ANSI N15.15 table in order to accept the hypothesis of normality.

(Ref. 7.1.4)

3.8.3.1 Equations To Perform The D' Test

)
1) First calculate the linear combination of the sample group

T [( 2 -) ']X

Where;
xi - An individual sample data point
i - The number of the sample point
n - Total number of data points

2) Second calculate the S2 for the sample group

S 2 = (n - 1)s 2

Where;
s2 - Unbiased estimate of the sample population variance
n - Total number of data points

3) Third calculate the D' value for the sample group

D'=-
S

(Ref. 7.1.A)

(Ref. 7.1.4)

(Ref. 7.1.4)

3.8.4 Probability Plots

Probability plots are discussed since a graphical presentation of the data can reveal possible
reasons for why the data is or is not normal. A probability plot is a graph of the sample data
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with the axes scaled for a normal distribution. If the data is normal, the data will tend to
follow a straight line. If the data is non-normal, a nonlinear shape should be evident from
the graph. The types of probability plots used by this design guide are as follows:

* Cumulative Probability Plot - an XY scatter plot of the outlier tested data
plotted against the percent probability (Po) for a normal distribution. Pi is
calculated using the following equation:

10Ox i- 1)

Pi = 2)(Ref. 7.1.1)
n

where; i =sample number i.e. 1,2,...
n = sample size

NOTE: Refer, as necessary, to Appendix C Section C.4 of the EPRI TR-103335, GUIDELINES FOR
INSTRUMENT CALIBRATION EXTENSION/ REDUCTION PROGRAMS.(Ref. 7.1.1)

* Normalized Probability Plot - an XY scatter plot of the outlier tested data
plotted against the probability for a normal distribution expressed in
multiples of the standard deviation.

3.8.5 Coverage Analysis

A coverage analysis is discussed for cases in which the data fails a test for normality, but the
assumption of normality may still be a conservative representation of the data.

* Coverage - a histogram of the outlier tested data overlaid with the equivalent
probability distribution curve for the normal distribution based on the data
samples mean and standard deviation. This plot provides a very useful tool
in determining normal distribution of the sample data.

3.8.6 Sample Counting Within lo and 2a for the Group

A good method of verifying normality is to calculate the Standard Deviation of the group and
count the number of times the absolute value of the samples are less than or equal to one
Standard Deviation and repeat the process for two Standard Deviations. The counts would
be divided by the total number of samples in the group to determine a percentage. The
following table provides values for a normal distribution:
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Table 3 - Values For A Normal Distribution
STDEV Percentages for a Normal

Distribution
1 Standard Deviation 68.27%

2 Standard Deviations 95.45%

3.9 Binomial Pass/Fail Analysis For Distributions Considered Not To Be Normal

A pass/fail criteria for component performance simply compares the as found versus as left
surveillance drift data against a pre-defined acceptable value of drift. If the drift value is less than
the pass/fail criteria, that data point passes; if it is larger than the pass/fail criteria, it fails. By
comparing the total number of passes to the number of failures, a probability can be computed for
the expected number of component passes in the population. Note that the term failure in this
instance does not mean that the component actually failed, only that it exceeded the selected pass/fail
criteria for the analysis. Often the pass/fail criteria will be established at a point that clearly
demonstrates acceptable component performance. The equations used to determine the Failure
Proportion, Normal, Minimum and Maximum Probabilities are as follows:

Failure Proportion
Pf = x/n where;
x = Number of values exceeding the pass/fail criteria (Failures)(Ref. 7.1.1)
n = Total number of drift values in the sample

.}

Normal Probability that a value will pass
P = l-Pf (Ref. 7.1.1)

Minimum Probability that a value will pass

P =-- ZI X(( J(i-•
n nn n (Ref. 7.1.1)

Maximum Probability that a value will pass

Pa =i -+ ZX ( X X ( ( _) (Ref. 7.1.1)

where;
PI = the minimum probability that a value will pass
Pu = the maximum probability that a value will pass
z = the standardized normal distribution value corresponding to the desired confidence

level, e.g., z = 1.96 for a 95% confidence level.
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The Binomial Pass/Fail Analysis is a good tool for verifying that drift values calculated for
calibration extensions are appropriate for the interval. Refer to the EPRI TR-103335,
GUIDELINES FOR INSTRUMENT CALIBRATION EXTENSION/ REDUCTION
PROGRAMS for the necessary detail to perform a pass/fail analysis. (Ref. 7.1.1)

3.10 Time-Dependent Drift Analysis

The component/loop drift calculated in the previous sections represented a predicted
performance limit without any consideration of whether the drift may vary with time between
calibrations or component age. This section discusses the importance of understanding the
time-dependent performance and the impact of any time-dependency on an analysis.
Understanding the time dependency can be either important or unimportant, depending on the
application. A time dependency analysis is important whenever the drift analysis results are
intended to support an extension of calibration intervals.

3.10.1 Limitations of Time Dependency Analyses

EPRI TR-103335, GUIDELINES FOR INSTRUMENT CALIBRATION
EXTENSION/ REDUCTION PROGRAMS performed drift analysis for
numerous components at several nuclear plants as part of their project. The data
evaluated did not demonstrate any significant time-dependent or age-dependent
trends. Time dependency may have existed in all of the cases analyzed but was
insignificant in comparison to other uncertainty contributors. Because time
dependency cannot be completely ruled out, there should be an ongoing
evaluation to verify that component drift continues to meet expectations whenever
calibration intervals are extended. (Ref. 7.1.1)

3.10.2 Standard Deviations And Means at Different Calibration Intervals (Time
Dependency Plot)

This analysis technique is the most recommended by the NRC's review of EPRI TR-
103335 (Reference 7.4.9) method of determining time dependent tendencies in a
given sample pool. The test consists simply of segregating the drift data into
different groups corresponding to different ranges of calibration or surveillance
intervals and comparing the standard deviations and means for the data in the various
groups. The purpose of this type of calculation is to determine if the standard
deviation or mean tends to become larger as the time between calibrations increases.
This is best viewed by plotting the Mean and Standard Deviation against the

Average Interval for each bin. (Ref. 7.4.9)
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3.10.3 XY Scatter Plots

* Drift Interval - an XY scatter plot that shows the outlier tested % Drift data
plotted against the time interval between tests for the data points. This plot
method relies upon the human eye to discriminate the plot for any trend in the
data to exhibit a time dependency.

* Drift Interval Regression - an XY scatter plot that fits a line through the
outlier tested % Drift data plotted against the time interval between tests for
the data points using the "least squares" method to predict values for the given
data set. The predicted line is plotted through the actual data for use in
predicting drift over time. It is important to note that data outliers can have
dramatic effect upon the regression line.

* Absolute Value Drift Interval - an XY scatter plot that shows the Absolute
Value of the outlier tested % Drift data plotted against the time interval
between tests for the data points. This plot is intended to demonstrate any
tendency for a given group to drift, in either direction, over time. This plot
method relies upon the human eye to discriminate the plot for any trend in the
data to exhibit a time dependency.

* Absolute Value Drift Interval Regression - an XY scatter plot that fits a line
through the Absolute Value of the outlier tested % Drift data plotted against
the time interval between tests for the data points using the "least squares"
method to predict values for the given data set. The predicted line is plotted
through the actual data for use in predicting drift, in either direction, over
time. It is important to note that data outliers can have dramatic effect upon
the regression line.

3.10.4 Additional Time Dependency Analyses

* Instrument Resetting Evaluation - For data sets that consist of a single
calibration interval the time dependency determination may be accomplished
simply by evaluating the frequency at which instruments require resetting.
This type of analysis is particularly useful when applied to extend monthly
Technical Specification surveillances to quarterly. However, is less useful for
instruments such as sensors or relays that may be reset at each calibration
interval regardless of whether the instrument was already in calibration.

The Instrument Resetting Evaluation may be performed only if the devices in
the sample pool are shown to be stable, not requiring adjustment (i.e. less than
5% of the data shows that adjustments were made). Methodology for
calculating the drift is as follows:

I



Vermont Yankee Revision 1 ( June 7, 1999)
INSTRUMENT DRIFT ANALYSIS Appendix E
DESIGN GUIDE Page 26 of 53

Monthly As Found/As Left
(As Found Current Calibration - As Left Previous Calibration)
or AFh - AL2 (Ref. 7.1.1)

Quarterly As Found/As Left using Monthly Data
(AF, - AL2) + (AF2 - AL3) + (AF3 - AL4) (Ref. 7.1.1)

3.10.5 Age-Dependent Drift Considerations

Age-dependency is the tendency for a component's drift to increase in magnitude as
the component ages. This can be assessed by plotting the as found value for each
calibration minus the previous calibration as left value of each component over the
period of time for which data is available. Random fluctuations around zero may
obscure any age-dependent drift trends. By plotting the absolute values of the as
found versus as left calibration data, the tendency for the magnitude of drift to
increase with time can be assessed.

3.10.6 Application of Time Dependent Tendencies to SetpointlUncertainty Calculations

When a group is determined to have Time Dependent tendencies using the tools and
tests outlined in Section 0 and the interval is to be extended beyond the current
calibration interval the following must be performed:

Determine the Time Dependency strength (Strong, Moderate, None) by reviewing
the Time Dependency Plot, XY Scatter Plots and ANOVA Statistics associated
with the Regression Lines.

3.10.6.1 Data exhibiting no Time Dependency requires no manipulation of the
Analyzed Drift Value for the extendend calibration interval with the
exception noted in section 0.

3.10.6.2 Data exhibiting a Moderate Time Dependency requires the Analyzed
Drift Value and applicable bias be extended to the new interval using
the following equation:

DA =DAa t1 l

where,
DA. = analyzed drift in %CS for new interval
DAa = analyzed drift in %CS for analyzed interval
tX= instrument test interval (including 125% of nominal test
interval for technical specification devices).
ta = drift interval of analyzed data.
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3.10.6.4 Data exhibiting a Strong Time Dependency requires the Analyzed
Drift Value and applicable bias be extended to the new interval using
the following equation:

DA, = DAa tX
ta

where,
DAx = analyzed drift in %CS for new interval
DAa = analyzed drift in %CS for analyzed interval
tX = instrument test interval (including 125% of nominal test
interval for technical specification devices).
ta = drift interval of analyzed data.

3.11 Calibration Point Drift

For devices with multiple calibration points (e.g., transmitters, indicators, etc.) the Drift-Calibration
Point Plot is a useful tool for comparing the amount of drift exhibited by the group of devices at the
different calibration points. The plot consists of a line graph of tolerance interval as a function of
calibration point.

3.12 Drift Bias Determination

If an instrument or group of instruments consistently drifts predominately in one direction the drift
is assumed to have a bias. When the absolute value of the calculated average for the sample pool
exceeds the values in Table 4 for the given sample size and calculated standard deviation the average
is treated as a bias to the drift term. The application of the bias must be carefully considered so that
the overall drift term is not reduced in the non-conservative direction. Refer to Example 1 below.
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Table 4 - Maximum Values of Non-Biased Mean
Sample Size Normal Deviate Maximum Value of Non-Biased Mean (Xit) For Given STDEV (s)

(n) (t) @ 0.025for s Ž sŽ sŽ S s Ž s S 5>

95% Confidence 0.10% 0.25% 0.50% 0.75% 1.00% 1.50% 2.00% 2.50% 3.00%

<5 2.571 0.115 0.287 0.575 0.862 1.150 1.725 2.300 2.874 3.449
•10 2.228 0.070 0.176 0.352 0.528 0.705 1.057 1.409 1.761 2.114
• 15 2.131 0.055 0.138 0.275 0.413 0.550 0.825 1.100 1.376 1.651
<20 2.086 0.047 0.117 0.233 0.350 0.466 0.700 0.933 1.166 1.399
•25 2.060 0.041 0.103 0.206 0.309 0.412 0.618 0.824 1.030 1.236
•30 2.042 0.037 0.093 0.186 0.280 0.373 0.559 0.746 0.932 1.118
•40 2.021 0.032 0.080 0.160 0.240 0.320 0.479 0.639 0.799 0.959
•60 2.000 0.026 0.065 0.129 0.194 0.258 0.387 0.516 0.645 0.775

<120 1.980 0.018 0.045 0.090 0.136 0.181 0.271 0.361 0.452 0.542
>120 1.960 See Equation Below

The maximum values of non-biased mean (Xcrit) for a given standard deviation (s) and sample size
(n) is calculated using the following formula:

)
s

Xcrit tx r j~ (Ref. 7.4.8)

Where;
Xcrit = Maximum value of non-biased mean for a given s & n, expressed in %
T = Normal Deviate for a t-distribution @ 0.025 for 95% Confidence
S = Standard Deviation of sample pool
n = Sample pool size
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Example of determining and applying bias to the analyzed drift term:

1) Transmitter Grouv With a Biased Mean - A group of transmitters are calculated to have
a standard deviation of 1.150%, average of -0.355% with a count of 47. From table
4 the maximum value that the average could be is ± 0.258%. The analyzed drift term
for a 95%195% tolerance interval level is shown as DA = -0.355% ± 1.150% x 2.408
(IfF from Table 1 for 47 samples) or DA = -0.355% ± 2.769%. For conservatism the
DA term for the positive direction is not reduced by the bias value where as the
negative direction is summed with the bias value so; DA = + 2.769%, - 3.124%

2) Transmitter Group With a Non-Biased Mean - A group of transmitters are calculated
to have a standard deviation of 1.150%, average of 0.100% with a count of 47. From
table 4 the maximum value that the average could be is ± 0.258%. The analyzed drift
term for a 9596/95% tolerance interval level is shown as DA = ± 1.150% x 2.408 CMIF
from Table 1 for 47 samples) or DA = ± 2.769%.

3.13 Time Dependent Drift Uncertainty

When calibration intervals are extended beyond the range for which historical data is
available, the statistical confidence in the ability to predict drift is reduced. This reduced
confidence is translated to a higher drift uncertainty and is not dependent upon the

) observation of time dependency within the original sample. This Design Guide
recommends increasing the Tolerance Interval Factor to account for the higher drift
uncertainty at extended intervals.

For example: components that perform functions which satisfy a specific Technical
Specification value (rigor level 1), the normal tolerance interval factor is 95%/95%
indicating a 95% level of confidence that 95% of the population is contained within the
stated interval. To account for the drift uncertainty associated with extension of the
calibration interval the confidence level would be increased to 99% or 99%/95%. An
increased confidence level shall be applied to calibration interval extensions regardless of
detected time dependency.
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3.14 Shelf Life Of Analysis Results

Any analysis result based on performance of existing components has a shelf life. In this
case, the term shelf life is used to describe a period of time extending from the present
into the future during which the analysis results are considered valid. Predictions for
future component/loop performance are based upon our knowledge of past calibration
performance. This approach assumes that changes in component/loop performance will
occur slowly or not at all over time. For example, if evaluation of the last ten years of
data shows the component/loop drift is stable with no observable trend, there is little
reason to expect a dramatic change in performance during the next year. However, it is
also difficult to claim that an analysis completed today is still a valid indicator of
component/loop performance ten years from now. For this reason, the analysis results
should be re-verified periodically (every 5-7 years).

Depending on the type of component/loop, the analysis results are also dependent on the
method of calibration, the component/loop span, and the M&TE accuracy. Any of the
following program or component/loop changes should be evaluated to determine if they
affect the analysis results:

* Changes to M&TE accuracy.

* Changes to the component or loop (e.g. span, environment, manufacturer, model,
etc.)

* Calibration procedure changes which alter the calibration methodology.

4 PERFORMING AN ANALYSIS

The E & C Department initiated a data collection effort in November 1995. The collected
data was entered into Microsoft Excel workbooks grouped by surveillance test or calibration
procedure. Each workbook contains a spreadsheet tab for each sub-group of components
contained by the surveillance test or calibration procedure (e.g. OP4310.XLS contains a
spreadsheet tab for the Master Trip Unit trips, Master Trip Unit indicators, Slave Trip Unit
trips, Transmitters and Indicators covered by the surveillance test). In order to evaluate a
group of components (e.g. all Rosemount Trip Units) data from multiple workbooks would
have to be consolidated to a new workbook.
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4.1 Populating The Spreadsheet

4.1.1. Determine the component group to be analyzed (e.g., all Rosemount Trip Units).
4.1.2. Develop a list of component numbers, manufacturers, models, component types,

brief descriptions, surveillance tests, calibration procedures and calibration
information (spans, setpoints, etc.).

4.1.3. Determine the data to be collected following the guidance of sections 3.4 through
3.6 of this Design Guide.

4.1.4. Identify, locate and collect data for the component group to be analyzed (e.g., all
Surveillance Tests for the Rosemount Trip Units completed to present).

4.1.5. Sort the data by surveillance test or calibration procedure if more than one
test/procedure is involved.

4.1.6. Obtain and enter on an index sheet the Surveillance or Calibration Procedure
Number, Tag Number, Manufacturer and Model Number, Spans, Required Trips,
Indications or Outputs for all devices to analyzed.

4.1.7. Enter the Date, as found and as left values on the appropriate component/group
sheet starting with the most recent data using the example formats provided in
Figures 1&2.

4.1.8. Review the notes on each calibration data sheet to determine possible contributors
for a given data point being an outlier. The notes should be condensed and

) entered on to the excel spreadsheet for the applicable calibration points.
4.1.9. Calculate the time interval by subtracting the second date from the first date for

the data set as shown in the example formats provided in Figures 1&2.
4.1.10. Calculate the % Drift by subtracting the second dates as left value from the first

dates as found value divided by the device span for the data set. Format the
spreadsheet cells to show the value in percent span (0.0000%).

4.1.11. Flag the calibration points that are suspected to be outliers due to the calibration
notes reviewed in step 4.1.8.
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Figure 1 - Sample Spreadsheet (Switches, Trip Units & Other Tripping Devices)

OP 43 10: SCRAM DISCHARGE INSTRU UI
HIGH WATER FUNCT/CAL
DRIFT ANALYSIS LT-3-231A(M / SPAN = 16

/ mADC
|Data |Interval tial Data Raw Drift

Date Status (Day s TRIPP
___ __ Required Trip 50.0 "H20 (=16.70 mADC)

2/22/96 As Found 16.68

As Left 94 16.68 0.0000%

11/20/95 As Found 16.68

As Left 25 16.68 0.0000%

10/26/95 As Found 16.68

As Left 64 16.68 0.0000%
8/23/95 As Found 16.68

As Left 16.68

_ Value represents the
number of days
between 2122196 and
11120/95.

- Value represents the
2122/96 As Found
minus the 11/20/95
As Left divided by
the device span.

i Note: The shaded areas show where data from surveillance tests or calibration procedures are
inputted on the spreadsheet.
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l

Figure 2 - Sample Spreadsheet (Transmitters, Indicators. Recorders & Other Non-Triypint Devices)

OP 4312: REACTOR VESSEL HIGH PRESSURE SCRAM
FUNCTIONAL TEST/CAL
DRIFT
ANALYSIS

PT-2-3-55A COMPONENT
CALIBRATION

SPAN = 16
rnADC

Interval Initial Raw Drift Data
Data

Date Status (Days) 13 PSI 763 PSI 1513 13 PSI 763 PSI 1513 PSI
PSI

Require 4 12 20 4 12 20
d mADC mADC mADC mADC A mADC

3/28/95 As 4.01 12.02 20.06
Found
As Left 575 4.00 11.99 20.00 0.1250% 0.3750% 0.5000%

8/30/93 As 3.99 11.96 19.98
Found
As Left 526 3.99 11.96 19.98 - - -0.3750%

0.0620% 0.2500%
3/22/92 As 1.00 3.00 5.01

Found I
As Left 731 1.00 3.00 5.01 0.0000% 0.0000% 0.2500%

3/22/90 As 1.000 3.000 5.000
Found_ _ . -

As Left _ . 1.000 3.000 5.000 _
_ Value represents the number I Values represent the 3fl5/95 As|

I

of days between 3fl3/95 and
8130/93.

Found ninus the S/30(93 As Left
divided by the device span.

Note: The shaded areas show where data from surveillance tests ot ;lUjuxUUi piucuues'are
inputted on the spreadsheet.
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4.2. Spreadsheet Performance Of Basic Statistics

Basic statistics include, at a minimum, determining the number of data points in the sample, the
average, standard deviation, variance, minimum, maximum, kurtosis, skewness and the
Tolerance Interval Factor contained in each data column. This section provides the specific
details for using Microsoft Excel. Other spreadsheet programs that are similar in function are
acceptable for use to perform the data analysis providing all analysis requirements are met.

4.2.1. For each sub-group of components create and name a new spreadsheet tab titled Group
Raw Drift.

Example: OP-4311 contains the calibration data for the Drywell High Pressure
Scram/Isolation Instrumentation which includes 4 pressure transmitters and 4 trip units of
the same spans, setpoints, manufacturer and model numbers. For a drift calculation covering
the trip units the data outlined in step 4.2.2 would be copied to a new spreadsheet titled
OP4311 MTU Group.

4.2.2. Copy the raw drift expressed in % Span, the test interval in days and the tag number from
each of the component spreadsheet tabs to the appropriate Group Drift worksheet tab.

4.2.3. Determine the number of data points contained in each column for each initial group by
using the "COUNT" function. Example cell format =COUNT(C2:C133); The Count
function returns the number of all populated cells within the range of cells C2 through
C133.

4.2.4. Determine the average for the data points contained in each column for each initial group
by using the "AVERAGE" function. Example cell format =AVERAGE(C2:C133); The
Average function returns the average of the data contained within the range of cells C2
through C133.

4.2.5. Determine the standard deviation for the data points contained in each column for each
initial group by using the "STDEV" function. Example cell format =STDEV(C2:C133);
The Standard Deviation function returns the measure of how widely values are dispersed
from the mean of the data contained within the range of cells C2 through C133. Formula
used by Microsoft Excel to determine the standard deviation:

_ n(n -() 2 (Ref. 7.4.6)
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)
Where;
x
S

n

- Sample data values (xI, X2, X3, ..... )
- Standard deviation of all sample data points
- Total number of data points

4.2.6. Determine the variance for the data points contained in each column for each initial group
by using the "VAR" function or "VARP" if the entire population is contained within the
spreadsheet. Example cell format =VAR(C2:C133); The Variance function returns the
measure of how widely values are dispersed from the mean of the data contained within
the range of cells C2 through C133. Formula used by Microsoft Excel to determine the
variance:

VAR (Variance of the sample population): (Ref. 7.4.6)

njX2 -(X) 2

n(n - 1)

VARP (Variance of the population): (Ref. 7.4.6)

) X
2

- (2
W h e r e ; n

Where;
x
S2

n

- Sample data values (xI, x2, X3 ...... )
- Variance of the sample population.
- Variance of the entire population.
- Total number of data points

4.2.7. Determine the kurtosis for the data points contained in each column for each initial group
by using the "KURT" function. Example cell format =KURT(C2:C133); The Kurtosis
function returns the relative peakedness or flatness of the distribution within the range of
cells C2 through C133. Formula used by Microsoft Excel to determine the kurtosis:

I KUT= n(n+l) (xI_- -4 3(n - 1)2

(n - lXn - 2Xn - s J (n -2Xn-3)
(Ref. 7.4.6)
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Where;
x - Sample data values (xI, x2, X3 ..... )
n - Total number of data points.
S - Sample Standard Deviation.

4.2.8. Determine the skewness for the data points contained in each column for each initial
group by using the "SKEW" function. Example cell format =SKEW(C2:C133); The
Skewness function returns the degree of symmetry around the mean of the cells contained
within the range of cells C2 through C133. Formula used by Microsoft Excel to
determine the skewness:

SKEW = n(n +1) XI
= (n - 1)(n - 2) ( s) (Ref. 7.4.6)

Where;
x - Sample data values (xl, 2 X3, ..... )
n - Total number of data points.
s - Sample Standard Deviation.

4.2.9. Determine the maximum value for the data points contained in each column for each
initial group by using the '"AX" function. Example cell format =MAX(C2:C133); The
Maximum function returns the largest value of the cells contained within the range of
cells C2 through C133.

4.2.10. Determine the minimum value for the data points contained in each column for each
initial group by using the "MIN' function. Example cell format =MIN(C2:C133); The
Minimum function returns the smallest value of the cells contained within the range of
cells C2 through C133.

4.2.11. Determine the median value for the data points contained in each column for each initial
group by using the "MEDIAN" function. Example cell format =MEDIAN(C2:C133);
The median is the number in the middle of a set of numbers; that is, half the numbers
have values that are greater than the median, and half have values that are less. If there is
an even number of numbers in the set, then MEDIAN calculates the average of the two
numbers in the middle.

4.2.12. Create and name a new workbook titled after the group of components to be analyzed.
(e.g. MTU.XLS for Rosemount Master Trip Units)

4.2.13. Copy the Group Drift spreadsheets from the applicable workbooks to the new group
workbook.
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4.2.14. Review the statistics and component data of the sub-groups to determine the acceptability
for combination. This would entail looking at the manufacturer, model, calibration span,
setpoints, time intervals, stdev, avg. location, environment, etc. Refer to Section 3.6.

4.2.15. Perform a t-Test in accordance with step 3.6.4 on each possible sub-group combination to
test for the acceptability of combining the data.

Acceptability for combining the data is indicated when the absolute value of the Test
Statistic (t Stat) is greater than the absolute value of the probability for a two tailed
distribution [P(T<=t) two-tail]. Example: t Stat for combining sub-group A & B may be
0.703 which is larger than the P(T<=t) two-tail of 0.485.

4.2.16. Combine the sub-groups that passed the required tests in steps 4.2.14 & 4.2.15 into a
larger group or groups as necessary.

4.2.17. Repeat steps 4.2.3 through 4.2.11 on the group(s) formed in step 4.2.16.

4.2.18. Where multiple groups are formed from the initial sub-groups additional testing in
accordance with step 4.2.14 and 4.2.15 may be performed to determine the suitability of
further combinations.

4.3 Outlier Detection And Expulsion

Refer to Section 3.7 for a detailed explanation of Outliers.

4.3.1. Following the guidance in Section 3.8 or if necessary Section 3.9 verify that the raw data
is normally distributed or approximately normally distributed.

4.3.2. Obtain the Critical Values for the t-Test from Table 2 which is based on the sample size
of the data contained within the specified range of cells, use the COUNT value to
determine the sample size.

4.3.3. Use the "Conditional Formatting Tool" or manually format the spreadsheet cells for the
outlier test using the following:

= If{ Absolute Value(Raw Trip Value - Group Average) + Group Standard Deviation <
Critical Value for t, Then the Raw Trip Value is True}
Sample = IF(ABS(C2-C$135) I C$136 < 3.28,C2,"")

4.3.4. Perform the outlier test for all the samples.

4.3.5. Recalculate the Average, Median, Standard Deviation, Variance, Minimum, Maximum,
Kurtosis, Skewness and Count for the outlier tested data.

I
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4.3.6. Calculate the percentage of samples expelled as outliers from the original sample
population (Example = COUNT .. sted I COUNT<,i 1 ). Up to 5% of the original
sample population may be expelled as outliers providing justification is provided for each
outlier.

4.3.7. Once the outliers are statistically determined each sample point identified as an outlier
must be justified prior to expulsion. Justification examples are provided in Section. If no
justification can be found the sample point cannot be expelled from the pool.

4.3.8. Calculate the Absolute Value for each outlier tested data point within the group in a
separate column.

4.4. Calculate The Analyzed Drift Value (DA)

The Analyzed Drift Value is calculated by multiplying the standard deviation of the outlier tested
group by the Tolerance Interval Factor for the sample size. The Analyzed Drift Value is not
comprised of drift alone, this value also contains errors from M&TE, normal temperature variations,
device reference accuracy, human errors, normal humidity effects, normal radiation effects, normal
vibration effects, misapplication, improper installation, or other operating effects that effect
component calibration.

4.4. 1. Use the COUNT value of the outlier tested data to determine the sample size and refer to
Section 3.4 for the rigor level of the data.

4.4.2. Obtain the appropriate Tolerance Interval Factor (TI) for the rigor level and size of the
sample set. Table 1 lists the 959/o95% TIFs, refer to Attachment 3 for other TIF
multipliers. Note: TIds other than 95%/95% must be evaluated by Design Engineering
prior to use.

4.4.3. For a generic data analysis multiple Tolerance Interval Factors may be used providing a
clear tabulation of results is included in the analysis showing each value for the multiple
levels of rigor. (e.g. Rigor Level 1 - TiP = 95%/95%, Rigor Level 4 - TiP = 75%/95%,
etc.)

4.4.4. Multiply the Tolerance Interval Factor by the standard deviation for the data points
contained in each column of the group (e.g. 0%, 50%, 100%, etc.).

4.4.5. Determine if the sample pool contains a bias in the average following the guidance
provided in Section 3.12.

4.4.6. If the analyzed drift term calculated above is applied to the existing calibration interval
application of additional drift uncertainty is not necessary.
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4.4.7. When calculating drift for calibration intervals that exceed the historical calibration
intervals a Drift Uncertainty allowance must be considered even if the data does not
exhibit a time dependency. Refer to step 3.13.

4.5 Time Dependency Test

This test segregates the data into groups based on the time intervals (e.g. 0-6, 6-12, 12-18, 18-24 and
24-30 months). The standard deviation is then determined for each group and compared to the
remaining groups. This test is useful to confirm the regression plots.

4.5.1. Create a new spreadsheet tab titled "Time Dependency".
4.5.2. Copy the outlier tested % drift and associated time interval to the Time Dependency tab.
4.5.3. Sort the data ascending by the time interval.
4.5.4. Group the data in logical time intervals (e.g. 0-6, 6-12, 12-18, 18-24 and 24-30 months).
4.5.5. Determine the Standard Deviation and Mean of each group.
4.5.6. Plot and compare the Standard Deviations and Means of each group to determine if the

Standard Deviation increases as the time interval increases.

4.6 Normality Test

This test calculates the Standard Deviation of the Outlier Tested data and counts how many samples
fall within la and 2a.

4.6.1. Create a new spreadsheet tab titled "STDEV" or "Standard Deviation".
4.6.2. Copy the outlier tested %Drift to the new tab.
4.6.3. Sort the data ascending.
4.6.4. Calculate the standard deviation for the group using the formula given in step
4.6.5. Calculate the absolute value of the %Drift column.
4.6.6. Determine if a given sample is within la by using the following test: If the absolute value

of the sample is < the standard deviation then show the value [IF(ABS(Sample)) '
STDEV, ""].

4.6.7. Determine if a given sample is within 2a by using the following test: If the absolute value
of the sample is s 2 standard deviations then show the value [IF(ABS(Sample)) <
2*STDEV, ""].

4.6.8. Count the number of samples that are-within la and 2a.
4.6.9. Divide the counts by the total number of samples in the group to determine a percentage.

Values for a normal distribution are provided in Table 3.
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4.7 Plot The Spreadsheet Data

The ability to perform regression analysis, histograms and other descriptive statistics tools in
Microsoft Excel requires that the "add-ins" include the Data Analysis Tool Pack. The descriptive
statistics tools reside under the Tools - Data Analysis pull down menu. Microsoft Excel may need
to be reinstalled on the computer performing the data analysis to include the Data Analysis Tool
Pack. (Ref. 7.4.6)

4.7.1. Drift Interval Plot

4.7.1.1.Organize the data in columns so that the outlier tested group can be plotted against
the time intervals for the group.

4.7.1.2.Select and calculate, if necessary, the time interval representation for the group.
For monthly surveillances the time interval may be represented best in days where
refueling interval calibrations may be represented in months.

4.7.1.3.Insert the upper and lower limit columns for the data to be plotted. The upper
limit is the Tolerance Interval adjusted Standard Deviation or DA term. The
lower limit is the negative of the upper limit.

4.7.1.4.Use an XY scatter plot or the Regression Tool to display the % Drift of the sample
group over the time intervals for the group bounded by its upper and lower limits.

4.7.2. Absolute Value Drift Interval Plot

4.7.2.1.Organize the data in columns so that the absolute value of the outlier tested group
determined in step 4.3.8 can be plotted against the time intervals for the group.

4.7.2.2.Select and calculate if necessary the time interval representation for the group.
For monthly surveillance's the time interval may be represented best in days
where refueling interval calibrations may be represented in months.

4.7.2.3.Insert the upper limit column for the data to be plotted. The upper limit is the
Tolerance Interval adjusted Standard Deviation or DA term.

4.7.2.4.Use an XY scatter plot or the Regression Tool to display the Absolute Value of
the % Drift of the sample group over the time intervals for the group bounded by
its upper and lower limits.
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4.7.3. Cumulative Probability Plot

4.7.3.1.Create a new spreadsheet tab titled "Probability".

4.7.3.2.Copy the outlier tested data to the Probability tab.

4.7.3.3.Sort the outlier tested % Drift data ascending.

4.7.3.4.Create a column titled "Sample #" and assign a counter to each % Drift data point
(e.g. 1,2,3...).

4.7.3.5.Create a column titled "Probability" and calculate the probability term for each
data point using the equation provided in step 3.8.4.

4.7.3.6.To create the Probability Plot use the regression tool selecting the line fit chart. Y
Input Range = calculated probability; X Input Range = % Drift.

4.7.4. Normalized Probability Plot

4.7.4.1.Calculate the multiple of the standard deviation for each point based on a normal
distribution using the probability terms calculated in step 4.7.2.5 from the
Probability Tab. See EPRI TR-103335, GUIDELINES FOR INSTRUMENT
CALIBRATION EXTENSION/ REDUCTION PROGRAMS pages C-21 & 22
for probability vs. stdev tables. (Ref. 7.1.1)

4.7.4.2.After calculating the multiple of the STDEV round to nearest interval e.g. -3, -2.9,
-2.8, etc.

4.7.4.3.Use the Regression Tool with the line fit to create the normalized probability plot
of drift Vs multiple of the stdev using the % Drift as the x range and the rounded
multiple as the y range.

4.7.5. Coverage Plot (Histogram)

4.7.5.1.Plot a histogram using the sorted outlier tested % Drift data from the Probability
Tab and the Histogram Tool from the Data Analysis Tool Pack defining the bin
ranges or allowing Excel to select the bin ranges.

4.7.5.2.Create an overlay of a normal distribution and plot over the histogram for the data
set.
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4.7.6. Regression Statistics

4.7.6.1. Raw Regression Statistics - From the tools menu in Excel select "Data
Analysis", then "Regression". Using the Regression tool determine the ANOVA
statistics for the Raw data column (Y axis) versus the date interval column (X
axis).

4.7.6.2. Absolute Value Regression Statistics - From the tools menu in Excel
select "Data Analysis", then "Regression". Using the Regression tool determine
the ANOVA statistics for the Absolute Value Raw data column (Y axis) versus
the date interval column (X axis).

4.7.7. Adjust the page setup for each page of the data analysis to ensure that printing is grouped
appropriately and easily understood. Ensure that the date, title, file name and page
number is displayed in the Header/Footer of each page.

4.7.8. Print the following work sheets and plots:

}

4.7.8.1.

4.7.8.2.

4.7.8.3.

Raw Data

Grouped Data

t-Tests

I

I

I

4.7.8.4.

4.7.8.5.

4.7.8.6.

4.7.8.7.

4.7.8.8.

4.7.8.9.

4.7.8.10.

4.7.8.11.

4.7.8.12.

4.7.8.13.

Statistics Summary

XY Scatter Plots - Raw Data

XY Scatter Plots with Regression Line - Raw Data

Absolute Value XY Scatter Plots

Absolute Value XY Scatter Plots with Regression Line

Cumulative Probability Plots

Normalized Probability Plots

Histograms

Time Dependency Plots (STDEV & Mean vs. Time)

ANOVA Regression Statistics - Raw Data

I

I

I

I

I

I

I

I

I

I

I
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I
4.7.8.14.

4.7.8.15.

4.7.8.16.

4.7.8.17.

ANOVA Regression Statistics - Absolute Value Data

Standard Deviation Binning for 1iC and 2cr to determine Normalcy

Pass/Fail worksheet - if applicable

Other worksheets used for data evaluation as necessary

I

I

I

I

)
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4.8 Analyzing The Data & Charts

This Design Guide is intended to be used in conjunction with various statistical analysis texts.
This Design Guide does not provide step by step instruction in the analysis of the data, plots and
graphs. The Responsible Engineer performing the data analyses shall have the necessary
training, knowledge and understanding of basic statistics to interpret the data, plots and graphs.

Refer to the EPRI TR-103335, GUIDELINES FOR INSTRUMENT CALIBRATION
EXTENSION/REDUCTION PROGRAMS as a guide to perform the analysis of the various plots
and graphs.

4.8.1. Probability plots are discussed in Section 3.8.4 of this Design Guide.

4.8.2. Coverage Analysis (Histograms) are discussed in Section 3.8.5 of this Design Guide.

4.8.3. The XY scatter plots and regression plots are discussed in Section 3.10.2 of this Design
Guide.

4.8.4. Section 3.8 discusses the verification of normality.

4.8.5. Section 3.9 discusses the option of a pass/fail analysis for distributions considered not
normal.

4.8.6. Section 3.10 discusses time dependency evaluations. It is recommended that for time
dependency calls multiple tools are utilized (Time Dependency Plot, XY Scatter Raw and
Absolute Value and the ANOVA Statistics).

4.8.7. Application of the Analyzed Drift (DA) term is discussed in the Instrument Uncertainty
and Setpoints Design Guide. (Ref. 7.3.2)

4.8.8. Application of bias in the Analyzed Drift (DA) term is discussed in Section 0

4.8.9. Application of Drift Uncertainty is discussed in Section 3.13
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5 CALCULATIONS

5.1. Drift Calculations

Perform a Drift Calculation in accordance with WE-103 or AP-0017 ensuring that the
following minimum requirements are met: (Ref. 7.2.1 & 7.2.3)

5.1.1. The title includes the terms Drift Calculation and the Manufacturer/Model number
of the component group analyzed.

5.1.2. The calculation objective shall:

5.1.2.1.Describe, at a minimum, that the objective of the calculation is to
document the drift analysis results for the component group.

5.1.2.2.Provide a list for the group of all pertinent information in tabular form
(e.g. Tag Numbers, Manufacturer, Model Numbers, ranges and calibration
spans).

5.1.3. The method of solution shall describe, at a minimum, a summary of the
methodology used to perform the drift analysis outlined by this Design Guide.
Exceptions taken to this Design Guide shall be included in this section including
basis and references for exceptions.

5.1.4. The actual calculation/analysis shall provide:

5.1.4.1.The Statistics Summary for the analyzed group.

5.1.4.2.The applicable Tolerance Interval Factors (provide detailed discussion and
justification if other than 951o/95%).

5.1.4.3.The calculated Analyzed Drift (DA) Term(s).

5.1.4.4.Bias contained in the average if applicable.

5.1.4.5.The hard copy of drift analysis as an attachment to the calculation.

5.1.5. The results and conclusions section shall provide detailed discussions on:

5.1.5.1.The analysis data.

5.1.5.2.Application of any bias terms.
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5.1.5.3.The analysis plots and graphs.

5.1.5.4.Time dependency.

5.1.5.5.Normality.

5.1.5.6.Acceptability of the data for use in SetpointlUncertainty Calculations.

5.1.5.7.DEP-15 Criteria

DEP-15 requires the impact to plant programs, procedures, licensing and
design documents are considered. The calculations shall be reviewed for
impact considerations. To fully satisfy DEP-15 requirements, the
calculations undergo reviews by all departments and Programs that could
be impacted by the results and conclusions. [Ref. 7.2.5]

The drift calculations are used as a design input by the Setpoint and
Uncertainty calculations performed by Design Engineering. The following
will be considered and will be addressed by the setpoint uncertainty
calculation or via the Interdepatmental review process:

FSAR changes
Technical Specifications
Procedures
Technical Programs
Prints
Related Design Basis Calculations (input/output)
Design Basis Documents

52. Setpoint/Uncertainty Calculations

To apply the results of the drift analyses and drift calculations to a specific device or loop will
require, in most cases, that a setpointluncertainty calculation be performed or revised in accordance
with WE-103 orAP-0017. (Ref. 7.2.1 & 7.2.3)
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6. DEFINITIONS

95%j

Analyzed

Synonymous

As Found

As Left

Bh
Calibrated 4

Calibration Ii

Chl-Squarc

Commercial
SofI

Confidence Ii

Coverage An,

Cumu
Distrib

D-Prime

..

/95% - Standard statistics term meaning that the results have a 95%
confidence (y) that at least 95% of the population will lie between the
stated interval (P) for a sample size (n).

Drift A term representing the errors determined by a completed drift
(DA) - analysis for a group. Uncertainties which may be represented by the
3 with analyzed drift term are component accuracy errors, M&TE errors,
ADR personnel-induced or human related errors, ambient temperature and

other environmental effects, power supply effects, misapplication
errors and true component drift.

(FT) - The condition in which a channel, or portion of a channel, is found
after a period of operation and before recalibration.

(CT) - The condition in which a channel, or portion of a channel, is left after
calibration or final setpoint device verification.

is (B) - A shift in the signal zero point by some amount.
Span The maximum calibrated upper range value less the minimum
(CS) - calibrated lower range value.
iterval The elapsed time between the initiation or successful completion of

- calibrations or calibration checks on the same component or loop.
Test - A test to determine if a sample appears to follow a given probability

distribution. This test is used as one method for assessing whether a
sample follows a normal distribution.

Grade Software that is not unique to, or used only in nuclear facilities, and
ware - which may be purchased on the basis of the vendor's published

description, such as in a catalog.
iterval An interval that contains the population mean to a given probability.

alysis - An analysis to determine whether the assumption of a normal
distribution effectively bounds the data. A histogram is used to
graphically portray the coverage analysis.

lative An expression of the total probability contained within an interval
ution - from - to some value x.
Test - A test to verify the assumption of normality for moderate to large

sample sizes.
indent - In statistics, dependent events are those for which the probability of

all occurring at once is different than the product of the probabilities
of each 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.

Drift - An undesired change in output over a period of time where change is
unrelated to the input, environment, or load.

Ref.
Ref.

7.1.1
7.1.1

Ref. 7.1.1

Ref. 7.1.1

Ref. 7.2.3

Ref. 7.1.1

Ref. 7.1.1

Ref. 7.1.1

Ref. 7.1.1

Ref. 7.1.1

Ref. 7.1.2

Ref. 7.1.1

Step
3.3.1.3

Ref. 7.1.3

Ref. 7.1.3

Depei
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I

Funct
Equi
Iist

Indep

Error - The algebraic difference between the indication and the ideal value of
the measured signal.

ionally Components with similar design and performance characteristics that
Ivalent - can be combined to form a single population for analysis purposes.
,ogram - A graph of a frequency distribution.
endent - 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. In setpoint determination, independent
uncertainties are those for which the sign or magnitude of one
uncertainty does not effect the sign or magnitude of any other
uncertainty.

Channel An arrangement of components and modules as required to generate a
- single protective action signal when required by a plant condition. A

channel loses its identity where single protective action signals are
combined.

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

Instrument I

Instrumen

I

It

)

Maximu

range values.
Kurtosis - A characterization of the relative peakedness or flatness of a

distribution compared to a normal distribution. A large kurtosis
indicates a relatively peaked distribution and a small kurtosis indicates
a relatively flat distribution.

M&TE - Measuring and Test Equipment.
an Span - The component's maximum upper range limit less the maximum

lower range limit.
Mean - The average value of a random sample or population.

Median - The value of the middle number in an ordered set of numbers. Half
the numbers have values that are greater than the median and half
have values that are less than the median. If the data set has an even
number, the median is the average of the two middle numbers.

Module - Any assembly of interconnected 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.

lity Test - A statistics test to determine if a sample is normally distributed.
Outlier - A data point significantly different in value from the rest of the

sample.
pulation - The totality of the observations with which we are concerned. A true

population consists of all values, past, present and future.
ibability - Is that branch of mathematics which deals with the assignment of

relative frequencies of occurrence (confidence) of the possible
outcomes of a process or experiment according to some mathematical
function.

Density An expression of the distribution of probability for a continuous

Ref. 7.1.2

Ref. 7.1.1

Ref. 7.1.1
Ref. 7.1.1

Ref. 7.1.2

Ref. 7.1.2

Ref. 7.1.1

Ref. 7.1.1
Ref. 7.1.1

Ref. 7.1.1
Ref. 7.1.1

Ref. 7.1.2

Ref. 7.1.1
Ref. 7.1.1

Ref. 7.1.1

Ref. 7.4.8

Ref. 7.1.1

Norma

PO]

Pr(

Prob,
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A)

Function - function.
Probability Plot - A type of graph scaled for a particular distribution in which the

sample data will plot as approximately a straight line if the data
follows that distribution. For example, normally distributed data will
plot as a straight line on a probability plot scaled for a normal
distribution; the data may not appear as a straight line on a graph
scaled for a different type of distribution.

Proportion - A segment of a population that is contained by an upper and lower
limit. Tolerance intervals determine the bounds or limits of a
proportion of the population, not just the sampled data. The
proportion (P) is the second term in the tolerance interval value (e.g.
95%/99%).

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

Raw Data - As found minus as left calibration data used to characterize the
performance of a functionally equivalent group of components.

Reference Accuracy A number or quantity that defines a limit that errors will not exceed
- when a device is used under specified operating conditions.

Rigor - The degree of strictness applied to a given analysis.
Sample - A subset of a population.
Sensor - The portion of an instrument channel that responds to changes in a

plant variable or condition and converts the measured process variable
into a signal. e.g., electric or pneumatic

Signal Conditioning One or more modules that perform signal conversion, buffering,
- isolation or mathematical operations on the signal as needed.

Skewness - A measure of the degree of symmetry around the mean.
Span - The algebraic difference between the upper and lower values of a

calibrated span.
Standard Deviation A measure of how widely values are dispersed from the population

. mean.
Surveillance The elapsed time between the initiation or successful completion of a

Interval - surveillance or surveillance check on the same component, channel,
instrument loop, or other specified system or device.

Time-Dependent The tendency for the magnitude of component drift to vary with time.
Drift -

Time-Dependent The uncertainty associated with extending calibration intervals beyond
Drift Uncertainty - the range of available historical data for a given instrument or group

of instruments.
Time-Independent The tendency for the magnitude of component drift to show no

Drift - specific trend with time.
Tolerance - The allowable variation from a specified or true value.

Tolerance Interval - An interval that contains a defined proportion of the population to a
given probability.

Ref. 7.1.1

Ref. 7.4.8

Ref. 7.1.1

Ref. 7.1.1

Ref. 7.1.2

Step 0
Ref. 7.1.1
Ref. 7.1.2

Ref. 7.1.2

Ref. 7.1.1
Ref. 7.1.2

Ref. 7.1.1

Ref. 7.1.1

Ref. 7.1.1

Ref. 7.1.1

Ref. 7.1.1

Ref. 7.1.2
Ref. 7.1.1
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i. Tripi Setpoint - A predetermined value for actuation of the final actuation device to
initiate protective action.

t-Test - For this Design Guide the t-Test is used to determine: 1) if a sample is
an outlier of a sample pool. 2) if two groups of data originate from
the same pool.

icertainty - 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 which have not been corrected for. The uncertainty is
generally identified within a probability and confidence level.

Variance - A measure of how widely values are dispersed from the population

Ref. 7.1.2

Ref. 7.1.1

Ref. 7.1.1

Ref. 7.1.1

Ur

mean.
W Test - A test to verify the assumption of normality for sample size less than Ref. 7.1.1
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7. REFERENCES

7.1. Industry Standards

7.1.1. EPRI TR-103335, Rev. 1, Guidelines For Instrument Calibration
Extension/Reduction Programs.

7.1.2. ISA-RP67.04, Rev. 0, Recommended Practice, Methodologies for the
Determination of Setpoints for Nuclear Safety-Related Instrumentation.

7.1.3. ISA-67.04, Rev. 0, Standard, Methodologies for the Determination of Setpoints
for Nuclear Safety-Related Instrumentation.

7.1.4. ANSI N15.15-1974, Rev. 0, Assessment of the Assumption of Normality
(Employing Individual Observed Values).

7.1.5. REGULATORY GUIDE 1.105, Rev. 2, "Instrument Setpoints" USNRC.

7.1.6. ISA-dTR67.04.09, DRAFT 1, Graded Approaches to Setpoint Determination.

7.2. Procedures

7.2.1. WE-103, Rev. 18, Analyses and Calculations.

7.2.2. AP-0017, Rev. 4, Calculations and Analyses.

7.2.3. WE-108, Rev. 6, Computer Codes.

7.2.4. AP-0022, Rev. 11, Setpoint Change Request.

7.2.5. DEP-15, Vermont Yankee Design Engineering Procedure, "Calculations," Rev. 2.
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7.3. Programs

7.3.1. Setpoint Control Program.

7.3.2. Instrument Uncertainty and Setpoints Design Guide.

7A. Miscellaneous

7.4.1. IPASS (Instrument Performance Analysis Software System), Revision 2.02,
created by EDAN Engineering in conjunction with EPRI.

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

7.4.3. MPAC, Maintenance Planning and Control System.

7.4.4. VYDCC, Vermont Yankee's Document Control Database.

7.4.5. Datafind, Yankee Atomic's Document Control Database.

) 7.4.6. Microsoft Excel Version 97SR-2, Spreadsheet Program.

7.4.7. Microsoft Access Version 97SR-2, Database Program.

7.4.8. Statistics for Nuclear Engineers and Scientists Part 1: Basic Statistical Inference,
William J. Beggs, February, 1981.

7.4.9. Letter from Thomas Essig (USNRC) to Revis James (EPRI) 12/1/1997 regarding:
Status Report on the Staff Review of EPRI Technical Report TR-103335,

"Guidelines for Instrument Calibration Extension/Reduction Programs," Dated
3/94.
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7.5. Attachments

7.5.1. Attachment 1 - VYC-1599 Rev. 0, Drift Calculation for Fenwal Temp. Sw.
Models 01-170020-090 & 01-170230-090. Calculation was 100% manually
verified using a hand calculator to provide verification of the math performed by
Microsoft Excel version 5.0.

7.5.2. Attachment 2 - VYC-1599 Rev. 0, Drift Calculation for Fenwal Temp. Sw.
Models 01-170020-090 & 01-170230-090. Calculation was re-run to provide
verification of the math performed by Microsoft Excel version 97-SR2 vs. version
5.0.

7.5.3. Attachment 3 - Tolerance Interval Factors for 75%/75% through 9901o/99.9%.

)
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COMMENTS RESOLUTION

Vr V "(t1.1 1fl

Identify vethod~s) of review:

)

E- Calculation/analysis review
E2- Alternative calculational method
0 Qualification testing

R/13/q7Resolution By:
0 Preparer/Date

Comments Continued on Page:

,Solutinn -e - X y e, -J. xqg2Coneurrent-a w1ith Rf

WE-103-22

'RevRewer/Oate

FORM WE-103-3
Revision 4105%7
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Use of Spreadsheet to Calculate Standard Deviation
in Accordance With the VY Drift Design Guide

(Verification & Validation of VYC-I 599 Revision 0)

Spreadsheets offer a unique tool in the determination of standard deviation from plant
specific "As Left" v.s. "As Found" calibration data. It is desirable to have the ability to utilize
multiple PC's and multiple spreadsheet types to perform this type of calculation. Described below
is the process to validate the appropriateness of the PC and spreadsheet used.

I1. First Drift Analysis

The first drift analysis was performed for the Fenwall temperature switches (VYC-I 599).
A portion of that analysis was associated with the Main Steam Line High Temperature
Isolation (Calibration Procedure OP-4322). EXCEL 5.0 was used. One hundred fourteen
(114) drift components were initially established. The standard deviation was 05863%. The
Mean (average) was 0.008%. The 114 count did not eliminate outliers.

2. V&V

The V&V was intended to show that:

e EXCEL 5.0 correctly performed the Count, Average, Variance, and Standard
Deviation functions.

* EXCEL 5.0 on different PC's would provide the same analysis in a consistent
manner.

* A different spreadsheet format (e.g., Lotus) can be used

The following steps were performed to support these two objectives:

I. An independent review of the formulas used in the original evaluation was
performed. Results were acceptable.

2. The differences between 'As Left" and "As Found" were independently developed
(using EXCEL) under row "F" and compared with the results in row "E". Results
were acceptable.

3. The square of the results in row "0" were developed (using EXCEL). Results were
acceptable.

4. The differences between "As Left" and "As Found" were independently developed
(hand calculation) and compared to the results under rows "E" and "F". The results
in row "0" were also verified correct by hand calculation. Results were acceptable.

Page I of 4
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Use of Spreadsheet to Calculate Standard Deviation
in Accordance With the VY Drift Design Guide

(Verification & Validation of VYC-1 599 Revision 0)

5a. A standard deviation was determined using the row "G" results (using EXCEL) and
the count (114) in the equation:

Stdev = [total of row "G"/( 14-l)]1.5

A standard deviation of 0.5864% resulted and compared acceptably to the 0.5863%
provided using the EXCEL command function for standard deviation.

5b. An Average (Mean) was determined using the row "F" results (using EXCEL) and
the count (114) in the equation:

Mean = [total of row "F"i1 14

A Mean of 0.008% resulted and compared acceptably to the 0.008% provided using
the EXCEL command function for Average.

5c. The Variance was determined using the Step 5a results (standard deviation) and the
count (114) in the equation (using EXCEL results):

Variance = (Standard Deviation)2/[1 14/114-1)]

A Variance of 0.003% resulted and compared acceptably to the 0.003% provided
using the EXCEL command function for VAR (Variance)

6a. The total in row "G" was obtained using hand calculation as well as identifying the
total count (114). The results were added to the formula for determining standard
deviation:

Stdev = [total of row "G"/(1 14-1)]A.5

The standard deviation developed by hand was 0.5864% which compared acceptably
to the 0.5864% using EXCEL via manual calculation and the 0.5863% provided
using the EXCEL command function for standard deviation.

6b. The total in row "F" was obtained using hand calculation. The Count was
determined in Step 6a. The results were added to the formula for determining the
Average:

Average = [total of row "F/l114]

Page 2 of 4



Vermont Yankee Revision 1 (June 7, 1999)
INSTRUMENT DRIFT ANALYSIS Appendix E / Attachment 7.5.1
DESIGN GUIDE Page 4 of 11

Use of Spreadsheet to Calculate Standard Deviation
in Accordance With the VY Drift Design Guide

(Verification & Validation of VYC-I 599 Revision 0)

The Average developed by hand was 0.008% which compared acceptably to the
0.008% using EXCEL via manual calculation and the 0.008% provided using the
EXCEL command AVERAGE.

6c. The standard deviation was manually determined in Step 6a. The Count was
determined manually by counting (114). The results were added to the formula for
determining the Variance:

Variance = I0.5864%2 * 114/(114-1)]

The Variance developed by hand was 0.003% which compared acceptably to the
0.003% using EXCEL via manual calculation and the 0.003% provided using the
EXCEL command function for VARIATION.

7. The EXCEL spread sheet for the Fenwall temperature switches associated with the
Main Steam Line high temperature isolation function was originally developed on
a 486 with a math-coprocessor. The spreadsheet was loaded onto a second PC
(#33001) located at YNSD. The results were acceptable (no difference in results).

8. Other EXCEL functions (e.g., T-Test, Normality, etc) are for verification of the
appropriateness of the data. A separate V&V is not required; appropriateness of data
can be verified during each review based on observation by the Preparer and the
Independent Reviewer.

3. V&V of EXCEL 5.0 on a different PC

It is desirable to not have to perform a software V&V each time a spreadsheet is used. To
satisfy the intent of WE-103, an EXCEL 5.0 spreadsheet developed on PC #33001 (YNSD)
or on PC-JL (Vermont Yankee) must be used as an acceptable baseline. The spreadsheet
must be re-run on the new PC to be used for this application. The results must be compared
between the two runs (baseline v.s. re-run) and the results must be acceptable. This effort
must be documented in the calculation, identifying:

a. The baseline spreadsheet
b. The PC used to develop the baseline spreadsheet
c. The results of the re-run spreadsheet
d. The PC used to re-run the spreadsheet, identifying the PC number and the version of

the spreadsheet used.

Page 3 of 4
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Use of Spreadsheet to Calculate Standard Deviation
in Accordance With the VY Drift Design Guide

(Verification & Validation of VYC-1599 Revision 0)

4. V&V of a version of EXCEL other than 5.0 or use of a different type of spreadsheet

The steps described in (3) above must be taken. The difference is that the EXCEL 5.0
spreadsheet to be used as the baseline might require conversion into a format compatible
with the new spreadsheet type to be used. The new results must still be compared with the
baseline and acceptability of the results documented.

5. Conclusion

EXCEL 5.0 is an acceptable tool to determine the Average, Standard Deviation, and Count
(functions) in support of the Vermont Yankee Drift analysis effort The methods described
above provide acceptable guidance to allow the use of EXCEL 5.0 on other PC's or the use
of other versions of EXCEL or the use of other spreadsheet types to support the drift analysis
effort

Senior I&C Engineer
Vermont Yankee Design Engineering
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Drift Calculation For Fenwal TS Models 01-1 70020(230)4090
0P4322JXLS - Raw Datalindependent Verification

VYC-1599 4r4*
Attachmenicn

17.S*. I
A I B I C I D I P G 31 I_

I O 4322: MAIN STEAM LINE HIGR TEMP FUNCTIONALICALIBRATION_____ ___ ____

2 DITANALYSIS ITS-2-12A JOP 4322 Manual Manual Independant
3 Data Interval Initial Data Raw Drift Data Verification Verification __Review

4 ate ~~status MDays) TRIP TRIP (A F PW'2 - ____

S eurdTi =15 PSI110 -__ _ _ _ _ _ _ _ _ 1 0190PF

6 10/12/96 As Found 182.5'._____ ____ ___

-7 ____As Left 567 182.5 .. 04214% -0.00214285 4.5918434.0
a 31295 9AsFound 194.0 ___________ ___

9 As Left 556 184.0.- .0..296% -0.002857143 8.16327Ea06
10 9/15/M As Found 136.0, _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

11 As Left 526 186.0A . 0.143% U.001428371 2.0408 a.-';7
12 4/7/92 As Found I S0 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _A

13 jAs Left 552 135.0' 0.400% 0.004 1.6E4-5 a..
14 I0/a/90 As Found _ __ 182.2 . __ _ __ _ __ _ __-__

151 As Left 561 1'i22' . 4.136% 40.001857143 3.44898E06V
16 3/21199 As Found 1_ _ _ _ __ _ __ _ _ __ _ __ _ __ _ __ _ _

17 As Left 552 133.5. ., 0.10.002142357 4.591841306'
18 9/16/87 As Found IF,_ _ _ _ __ _ _ _ _ _ __ _ _A

19 As Left 523 182.0') .- 0 .743% 40.007423571 S.51337E405 V
20 4/111/36 As Found ____________'no A/F data reo .ed q, o2~.j

21 A Left 187___ _ _ __ _ _ __ _ _ __ __2_ _ _ _ _ _ _

22 DRIFI' ANALYSIS TS-2-1i O432Manual Manual __Independant
23 Data Interval Inilial Data RAW Drift Dafta venficatioa Verification __Review
W4Datc Status ____RI___(A -AF F-

26 10/32/96 As Found 184_ _ __ __6_ __ __ _

27 As Left 567 134.6 . 40.057% 40.00057142 3.26531E407 V
28 3/25/5 As Found ____ 131.0 ______

29 As Left 5S56 185.0' -.. 4m-.714% .4.00714287 S. 10204E3-05
30 9/15/3 As Found ____ 186.0* '

3 1 As Left 526 1 .6.w I 0543% 0.005428571 2.94694E-05 g
32. 4/7/92 Aa Found 1__ __ _ __22__ _ _ _ _ _

33 As Left 552 18223. - 0.486% -0.0049571 2.359191E45 7
34 i0/3190 As Found 172.3- _____

35 As Left 561- ...6- -1.6001' 40.016 0.000256 ve

36 3t2l/891 As Found 192_ ___ __ _ __0_ __ __ _ __ _ _ __ _

37 _____As EAR 552 1943.5,- 0.657% 0.006571429 4.3183711-05 .
38 9/16/I7 As~ u d _ _ _ 3. ' _ _ _ __ _ _ _ _ _ _ _ _ _ _ _

39.____ As Left 523 187Aj -4.200% 40.002 413-06V
40 4/11/36 As Pond ___ ____ 'oANF datarc d.o.)S9, -

41 ________ .A s L gft13 . " _ _ _ _ _ _ _ _ _ _

42 DRIFT ANALYSIS TS-2-123AO 4322 Maul Manual Independant
43 Data Interval Initial Data Raw Drift Data efication Verification Raview

44Date Status (Days) TRIP TRIP F XA2 - ____

45 Req<uired Trip 1I3SPSIG _____ ___

46 10/12/96 As Found ____ 138.1 APdata out of toleac
47 As Left 567____ 138. 0.300% 0.0031 ______

48 302S/95 As Found 179.8 _____ ___

49 As Left 556 136.0 40.257% 40.002571429 6.61224E 0
so 9/15/93 As Found _ __ 181.6 _ __

SI As Left 526 131.6 40.300% 40.003 9E1-06 v-
52 4/7/92 As Found 18__ 33.7 A____

53 lAs Left 552 133.7 0.529%/ 0.005235714d 2.79338S-05 '
54 10/3190 As Found 130.0
55 As Left 561 180.0 40.643% -0.006428571. 4.132651E-05
56 3/21/39 As Found 1_ _ 92.3 i__ _ _ _ _ _ _ _ _ _

57 ____ As Left 552 314.5 0.671% 0.006714234.508168405
58 9/16/37 As Found _ _ __ 183T6 __ _ _ _ _ _ _ __ _ _ _ _ _ _

59 ______As Left 523 187.6 0.043% 0.0004285711 1.33673E-M EI.
60 4/11/36 As Found ___ ___ _____'no ANF data recorded'
61 As Left ____ 187.3 ______

Yankee Nuclear Services FENRAW.XLS
Page/ of Xr.
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Drift Calculation For Fenwal IS Models 01-170020(230)-090
OP4322.XLS -Raw Datafindependent Verification

VYC-1599
Attachment; a-f7

vs, I

I A I B I C I D
_ _O 432 MAI _S__E.AM LIN _IO T| F IAXA4l3BRA

TORU42-2-

F I G I B I I

l l l- DSpot62 DRIFT ANALYSIS 1S-2124VA Manual Manual Indkpendant

)

43 Data Interval Initial Dat Raw Drift Dat Yefication Verification _ Review
_ Date Status (Davs TRIP TRIP (AL AF) x2
65 RquiredTrip- 1S5PSIG
46 l 0/l22J A s Found IU 4.6 ___________ __________ _____1 4_
67 As Left 567 14.6 -0.300% 40.003 9i1-06 .

a 3125/95 As Found 136.7 ._

49 As Left 556 136.7 -0.071% -0.00071428 5.10204E3-07 O
70 9/15/93 As Found 137.2 _
71 As Left 526 187.2 0.314% 0.00314235 9.37755E _'
72 4/7/92 As Found 135.0 1
73 As Left 552 185.0 0.057% 0.00057142! 3265312 ___
74 10839 As Found 184.6 I I
75 As Left 561 184.6 -0.486% -0.004S5714: 235913E-05 v
76 3l1289 As Found 183.0
77 As I.ft 55 198.0 40.071% 40.007128 510E s07
73 9/2647 As Found 183.5 _ _
79 As Left 523 1S8.5 0.329% 0.00328574 * .07959E41 V
o 4/l 1/36 As Found 'no AiF datarco ndg.1 *'Z .r_

el AsLeft 1S62 S. _ _
32 DRIFT ANALYSIS TS-2-21 LOP 4322 Manual Manual Independant
U3 Data Interval Initial Data Raw Drifl Data Verification Verification Review
-a Date Status (Das) TRIP TRIP (AL -AF) FxA2
a5 Required Trip- 15 PSIG
t6 10112/96 As Found I26.5 _ _ _- _
87 As Left 567 136.5 0.171% 0.00171429 2.93873E-6
38 3125/95 As Found I5.3
39 As Left 556 135.3 -0.100% -O.O01 1 -06 /

90 9/15/93 As Found 186.0 A 0_

91 AsWLeR 526 136.0 0.429% 0.O0428571 1.836732-05 V
92 4/7/92 AsFound 133.0 _
93 As Left 552 133.0 0.043% 0.000428571 1.33673E-0' v_
94 103/90 As Found 132.7 _
95 As Left 561 182.7 0.314% 0.00314285 9.S7755E-06 _VI
96 3/21/39 As Found IS0.5 . .. _
97 As Left 552 130.5 -0.357% -. 00571424 7.34694E-05 7
98s 9/161/8 As Found IS6.5 A --
99 As Left 523 t86.5 0.3t6% 0.003S5714: I.48776E-05 7

101 4/11 2/ As Found I'no AF data rcorwdc/.267 -G

101 As Left 2 33.31
10 DRIFT ANALYSIS TS-2-121B OP 4322 Manua Manual Indepcndant
103:Data Interval Initial Data Raw Drift Data Yrfiation Verification Review

10 De status (Days) TRIP TRIP - Fx^2 -

10 R.quied Trinp JSSPSIG _ _ =
I 10112f96 AsFound 187.7
1 As Left 567 137.7 0.4t6% 0.004857214: 2.35913E2- AS
1081 3125/95 As Found 184.3 3 _
_9 As Left 556 I34.3 0.029% 0.002t5712 3.16327E_-08
110 9115/93 As Found 1U4.1
fil As Left 526 234.1 0.286% 0.002857143 5.16327E- M
11 4/792 A2 Found t12.1
1131 Left 552 132.1 -0.300% -0.003 9E-06 V
14 1013f90 As Found 175.6
_I As Left 561 142 -0.914% 40.00914285' 3.35921BE3-05 _ O
261 3211/8 As Found 191.0
It As Left S52 182.0 0.229% 0.00223571- 5.22449E0 7
_t3 9/16/8 As Found 18 9.4 . _

119 As Left 523 139.4 0.529% 0.00523571 2.7938tE05 7 _ _

120 4/11/86 IAs Found I_'no A/F data recorded=
121 jAsLeft S135.7 -e- * _ LA _ . la

Yankee Nuclear Services FENRAW.XLS Page7 of7 fP<v
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Drift Calculation For Fenwal TS Models 01-170020(230)-090
OP4322.XLS - Raw Data/Independent Verification

VYC-1599
Attachmunt C? -"i e 9?

7.5:.1

)

I A I 8 I C I D I E F G N I
I IOP 4322: MAIN STEAM LINE HlII3H TEMP FUNMnONAUCALIBRAnION

_ DRIFTANALYSIS ITS-2-123B IOP 4322 Manual Manual Independant
12 Data Interval Initial Data Raw Drift Data Verification Verification Review

U Date Stl (Dy) WP, TRIP (AL -AF) Fx^2_
12 7 Reauird Tilp 1S5 PSIG_
121 loJ12/919CsuFound WIS.
127 As Left 567 131.1 0.729% Q.008725714 530816E1-05
_u 3t25/951AS Foiund Iii3.0 _= _
129 As Left 556 13U.0 40.514% 0.005142e57 2.6449E45 &-
U,0 9J15/931AS Found 186.6__
13 . As Left 526 136.6 0.471% 0.0047142e 2222458.0 v
13 417f91IAs Found 183.3= ,
U AsLeft 552 183.3 0200% 0.002 _ 4&0i
U 100M3Ss Found I1819.
I AusLeft 561 181.9 - .514% -0.005142857 2.6449E8- OS

t 321/89 As Found IS5.5
_As LeR 551 135.5 _ 0.4005 S -0.004 1 .6E4'05

t3 9J17JS7 As Found ISS3 ______
1 As Left I 131.3 0.471% 0.00471428 2.22245E45 v
14 911647 As Found IS5.0
1411A Left 523 135.0 0.143% 0.001428571 2.040 2 V01

14 4/111/8 As Found 'no ANF data rec led
143 As Left 194.0 1.7Zq1.q' :
144 DRIFT ANALYSIS TS-2-124E OP 4322 Manual Manual _ Independant
14 Data Interval Initial Data Raw Drift Data Verification Vrification Review
I Dae Sunes (Days) TRIP TRIP (AL -AF] x)
_47 Reqiiired Trip 1 I5 PSIG=

t48 10/12t961AIFound 19S.I
14 fAs Left 567 18.1 0.271% 0.00271421U 7.36735E-6 _
1S 3f2519 An Found 1S62_ _
15 As Left 556 136.2 -0.029% 4.000235714 8.16327E-01 £._

IS 9/1519 As Found 1S6.4 _
1 As Left 526 136.4 0.171% 0.00171426 2.93S7tE3 E 07 i

IS 4/7t92 As Found I 77.5 _
I As Lft 55 1__5__ 2 ___1_30 ___ -.013 0.000169 W,

I IOf3t190.As Found 1t6.6 1x
1t As Left 561 136.6 0.657% 0.0065714291 431337E451
I 3/2U/9 As Found Io 120
_59 As Left 552 132.0 *0.714% -0.00714285 5.1020UE4' /
16 9/161g7 As Found 194.9 Al_ a
161 As Left 523 137.0 1.157% 0.01157142' 0.000133M95 _
16' 4J111I6 As Found 'no AF data rec___ __
IC As Left1 I 6.8 _ olY__t_

1S DRIFT ANALYSIS _ _lTS-2-121 C OP 4322 manual ii enuan
6 Data Interval Initial Data Raw Drift Data Verification Verification Review

I Da Status (Das TRIP TRIP (AL -AF- Fx^2
16' Required Trip 135 PSIG _ _

163 10112/96 AsFound 135.3 =
I6 As Left 567 185.3 *0.286% .0D02S57143 316327E806
170 3/25/95 As Found 130.4 _ _
171 As Left 556 137.3 4.514% 4.00514285 2.6449E0'5 _

1 9115/93 AsFound 184.0 _
17 As Left 526 184.0 0.186% 0.001857143 3.4489SE t V

7 417192As Found 12.7
1751 IAsLft 552 132.7 0.071% 0.00071426 5.50081
1761 IOi9O AsFound 182.2 _
1771 lAs Left 561 12.2 4.186% 0.001357143 3.44893E84 _
178 3/2l/SIAs Found 183.5 _
17! A LeR ft 552 I13.5 0.071% 0.00071428 5.10204E _
130l 9/16/S7 As Found _ 92.4 _

131 ~~~~As Left 523 133.0 0.771% 1 0.0077 142361 5.951502E-051 V / f~ t
i

/A
N. .IA~atl ..AOund T:3R AW VI X no A/F data recorded I I 9- Y fA s L e f 2 3 7 0 a i b 9 W / -

lAs Left 197.0 1/,bztys ',y

I
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VYC-1599 It
AttachrncIO.,, ,!V

7,5.
A I a I C I D | E F G R 1

I OP 4322: MAIN STEAM LINE HIGH TEMP FUNClIONALCALIBRATION
184 DRIFT ANALYSIS ITS-2-1n _OP i322 Manud Manal = ndependant

IS! Data Interval Initial Data Raw Drift D Verification Verification Review
1S Date Status pays) TRIP TRIP - FXA2
17 RcquiredTrip 185PSIG _ =

182 10/12J96 As Found It5.4
1_9 As Left 567 185.4 4.086% 4.000S57143 7.34694E-0'
190 3J25i95 As Found 180.3 _

191 As Left 556 16.0 .0.629% -0.006285714 3.95 102E1-05
1 9/15i93 As Found 14.7 _ = _f

193 As Left 526 14.7 4.429% 4.0042t5714 1.83673E-0S 1
19 4/792 As Found 199.9 __

19! As Left 552 187.7 2.414% 0.024142857 0.0005S2S ,
191 10/319C As Found 183.0 _

19' As Left 561 133.0 4.143% -0.001428571 2.04082E-06. _
198 3121/39 As Found U14.5
199 A2I~ft 552 134.0 40.129% 40.001285714 1.65306E0 sa'
2001 9/16/S7 As Found 196.2
201 AsLeft 523 185A 1.457%Y 0.014571429 0.00021232 7

2021_4/1 1_ _As Found 'no AI data recorded'
203 JAs Lcft I t 6.0 IF72¢X
204 DRIFT ANALYSIS TS-2-123C OP 4322 Manual Independant
20 . Data Interval Initial Data Raw Drift Data V ication Verification Review
20iDt Status (llays) TWl TRIP AL-A) fze-2
207 RequiwdA Trip - I 5 PSIG=
2031 10121296 As Foiind 1t7.5_ _
20 ! As Left 567 IS7.5 0.714% 0.007142857 5.10204E0 g
210 325/95 As Found IU23.5

211 As Left 556 182.5 40371% 4.0037142S6 137959E-05
21 9/15f93 As Found 1t5.1

2 As Left 526 135.1 0.657% 0.006571429 4.3137E245 _
21 4h/92 As Found 1t0.5 7

21 As Left 552 130.5 *0.614% 4.006142857 3.77347E2- 9V
21 IWf3f90 As Found 176.0 =

21 As Left 561 134.3 4.643% -0.006428571 4.13265E- 7
21 3f21fS9 As Found S10.5 = _

21 AsLefl 551 130.5 4.1l43% 4.001428571 2.04082E v S
220 9/17/97 As Found 190.33 _

221 Az Lcft I 11.5 0.043% 0.000428571 I.S3673E4 7 V.
22: 9/161g As Found 190.0 _

223 As Left 523 190.0 0.386% 0.003S57143 1.48776E40 7 5 t
4/11/6 As Found 'no ANF data recorded_

-- -AsLf1_ It7.3 | _ _ .c 63 Q

)

FENRAW.XLS Page /of A,.Yankee Nuclear Ser.vices
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Drift Calculation For Fenwal TS Models 01-170020(230)-090
OP4322.XLS - Raw Datatindependent Verification

VYC-1599 X
AttachmenteS~ 7

71:I
:rl A 7-c - I F I G L11 _I

.. N .I I .. I ... .
I IIDP 4322: I
1 i4222 R&TI IhAftnua Manual Itnifn~d-nti ~ 7 T - F 7 7 1 7

I
Data

lDate Status
t Initial Dat Raw Drift Datb

(Drvil TRIP TW
varification Verification Rodi*W
'AL -AF FxA2

229 Reuired Tri p I5 PSIG ____

23 ltl2JR0/1 As Found I34.5 NS_
231_ _ As Left 567 14.5 -0.286% -0.002857143 t 16327E- _

2335195 As Found 174.6 . _ _ -
233 _ AsLeft 556 1365 -1.229% *0.01228571 0.00015093! v_
234 9/1 5S As Found 190.9

As Lea 526 1U.2 0.143% 0.001428571 2.04032E0 _g
236 4/792 As Found 18_ I9.9 _
237 As Left 552 189.9 0257% _0.0057142S 6.61224iE0 -;
238 10/3190 As Found I1t.1
U" As Left 561 ISS.I 0.086% 0.00085714: 7.34694E-0' Pe
24 3QIS 119 Found 1t7.5 1
241 As Left 552 17.5 -0229% .0.00228571 5.2244913406
2421 9/16tS7 A Found 193.5 _
2431 As LAft 523 139.1 1.129% 0.01128571 0.00012736 b '
244 4/1 I136 As Found _ ao A/Fdata recorded;
24 ____ NLeft 185.6 ,A_ _A 0 : V Z
24 DRIFT ANALYSIS TS-2121E P 4322 Manual M usual ' dependant
24 Data Interval Initial Data Raw Drift Dat Verification Verification _ eview

Date Status (Days) TRIP TRlP (AL - F FX 2
249 Rcquid Trip-i85 PSIG - . _

251 lOtl2 A Found 1|2 | 2.0 | _ _
251 As Let 567 132.0 .0.343% 4.003428571 .17551E4-05 _
25 3f25)95 As Found 134.4 1
25 As Left 556 134.4 0.129% 0.001285714 1.65306E- W 2
25S 9/1593 As Found 13.5 _ _
25 A Left 526 13.5 -0.029% -0.000285714 3.16327EOF _ J

4n9 As Found 13.7 UA7
25 A Left 552 13.7 -0.100% 40.001 IE-06 b

2 O13/9 As Found 134.4
25 As Left 561 134.4 0.057% 0.000571429 3.2653 IE4_7
26 3/21/9 As Found 134.0 _
21C As Left 552 134.0 0.114% 0.00114285' 130612B4t _
26 911647-A Found 183.2 _ _ _

2S Left 23 133.2 -0.414% 4.00414285' 1.7163314' v
264 411I/6NAsFound _ 'no A/F data recorded
26 As Left t186.1 _ _ _ _ _ _ _ _ _ _
266DRIFT ANALYSIS TS-2-122 OP 4322 Manuml Manual _ Independant

Data nctdal Initial Dtam Raw Drift Data Verification Review
268 Date Status tRDay) IP TRIP - FxA2
269 Required Trp IS5 FSIG _ _
27l 1O/12196As Found 1933 AIF data out oftolezance
271 A Left 567 Is2.5 0.900%A 0.009 8.112-05

3/25"5 As Found 177.4
27 AsLeft 556 137.0 -1.014% - 40.01014285 0.0D010287 _'
274 9/15/93 As Found - 173.4
27 As Left 526 1I4.5 4.229% 4.00228571 5.22449 _
27i 4nn*92 A Found 130.0 _ __ 7 ,-
2 As Left 552 130.0 4.700% 4.007 4.91E45 _
27 10/3/90 As Found 1I4.9
27 As Left 561 1I4.9 -0229% 4.00228571-4 5.22449E106M
28 3f21/39 A Found 1I6.5 _ _
2811 IAs Left 552 1I6.5 0.371% 0.0037142S 1 3795913-05 /
232 g 9/16/37 AsFound 133.9 1_ 7 ..

2 As Lefl 523 133.9 40.1S6% * 0.00135714: 3.44398 E O
234 4/11/6 As Found 'no A/F data recorded
2351 IAsLeft S15.2 _ __ __ | V. ; J. X-*Yankee Nuclear Serices FENRAW.XLS Pagers of ?I Hi at-

I
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Drift Calculation For Fenwal TS Models 0-1 70020(230)-090
OP4322.XLS - Raw Data/Independent Verification VY !il9

A I B I C I D I E F
I OP 4322: MAIN STEAM LINE HIGH TEMP FUNCT1ONALOCLABRATION _

226 DRIFT ANALYSIS lTS-2-123 OP 4322 Mmanual Manual Independant

E7 IData Inteal Initial Data Raw Drift DaIU Verification Verification Review
222 Date Status Das) TRIP RIP (AL -AF) FXA2
28! Required Tr-IpS5 PSIG =

290 10/12196 As Found 18I.4 _ _

291 As Left 567 18.4 | 0.957% 0.009571429 9.16122E.05 _
2X 3/25/95 As Found 131.7 __ ,
293 As Left 556 181.7 1.9% -0.011285714 0.000127367v
294 9/15193 As Found 139.6 _

295 ~ As Left 56 1961.057% 0.010571429 0.00011175 a
291 4/n92 As Found 1822
297 1 As Left 552 1822 .0.429% 40.004285714 I.36X7E43 7
298 10/3f90 As Found 185.2
299 As Lef 561 1352 0.529% 0.0052s571 2.79323E4 _
300 3a If99As Found S11.5 _

301 As Left 552 131.5 -0.429% -0.0042S5714 113673E-05 _
3 9/161S7 As Found 190.t
30 As Left 523 184.5 0.343% 0.003428571 1.175511E05 JAW
304 4/1136 As Found A_ o /F data recorded_
30! As Left 133.4 14.o_7__2Q , _ __

31 DRIFT ANALYSIS TS-2-1241 OP 4322 Mn Mn __ sidependant
30, Data Interval Initial Dta Raw Drft Data Verification Verification Review
308 Dale Status (Days) TRIP TRIP AL - Fx'2 _
309 Required Trip 1S5 PSIG . . _

31 10/12196 As Found 185.5 _

311 As Left 567 135.5 0.157% 0.00157142 2.46939E4 _
31 325195 As Found I14.4 _

313 As Left 556 1U4.4 -0.343% 4.003428571 1.17551245 _0
314 9/15/93 As Found I16.3 _

315 As Left 526 136.3 0.143% 0.001428571 2.04082E206
316 4/792 As Found I15.t
317 As Left 552 135.3 0.643% 0.006428571 4.13265E4!5 W
313 10/3/90 AsFound 1813
319 As Left 561 1813 40.86% .0.00857143 7.34492045 J,"
320 3/21/9 As Found I17.5 _

321 As Left 552 137.5 0.514% 0.005142S5 2.6449E45 ._
3Z2 9/16/17 As Found 13.9 _
323 As Left 523 183.9 * 0.1I6% .00185714: 3.4489SEt 7
324 4/i 1116 As Found 'no A/F data rcorded_
Ja5 As Left 15.2 |I.L__8 I - __

32,7.@ 8i

328 Us EXCEL Function to determine STDHEV BY FUNCTlON
329 Standard Deviation S1DEV(SES7:5ES3 a __.__

FO 0.5863% _ t_ _
331 ____

33Matheaticaill d etennining ___ Count 114 _- SID 2V/MANUAL RSS ____

331 Standard Deviation usin RSS (SUM(SGS7 MSS325Y(1 14-1)023.5

334 r 056%l .
33 a Using EXCEL Function to detemine 0.00S% AVERAGE(F7:F325 _.i Totas 'a -10.003825372(1 14-1)1
3 Averge (Mean) STDEV 0.005363777 0.5864%
33S i_ T__ _ _ _

331 Mathesaticall detennining 0.008E Sum of(F7:F325Yl 1-4 Q- 7/148571
34 1 A e _ _ _ _ _ _ _ _ _

34 thing EXCEL Function to determine 0.003% VAR(SFS7:S325) _ _ _|

Vartance i

M i
4. 4. .1. 4.

-l-F l - l -S -us

l 7E 
ffi

345
"fg

Mathematical determining I
W.A.- - -

0.0Q3%ISTD2VA2*(I 4/(II4-I))- 0.00536371772(114/11I3) &-J"
-

,71,… …e - l
Y 1dIW k~ib tIlQl N& ' e 19 RW6 8 I__ _ .- I& L.. L E: ±..Page ..-a y( 0,

F// --9
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DRIFT DESIGN GUIDE
Revision I

Attachment 2

Purpose

The purpose of this attachment is to verify that Microsoft® version EXCEL 97-SR2 provides the same
results as Microsoft® version EXCEL 5.0.

Scope

This verification is composed of ensuring the values developed during the validation process of the drift
analysis, VYC-1599 Revision 0 (provided in Attachment 1), are the same when calculated on this operating
platform using the newer EXCEL software.

The method of perfonning the validation is described in Attachment 1. 'he verification has been conducted
on the following platform:

Gateway, Intel Pentiwn II Processor, Intel MMX Technology, Windows 98 operating system

Conclusion

The results of the verification process re acceptable.

EXCEL 97-SR2 is en acceptable tool to determine the Average, Standard Deviation, and Count (functions)
in support of the Vermont Yankee Drift Analysis effort Mhe methods described above (and in Attachment
I) provide acceptable guidance to allow the use of EXCEL 97-SR2 on other PC's or the use of other
versions of EXCEL or the use of other spreadsheet types to support the drift analysis effort

~~~~-.~~~~~ThA'e.~PA P I 4 oAf7

Page 1 of 7
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Ddftcak.htWonFor I'nwllS
0P4322.XIS -Raw DMta

DRIFT DESIGN GUIDE
Revision 1

Attachment 2 (P- VYC-1599

4P422 MAIN SEbAM 11N8 HIGH MEMO FUNCflONAL/CALI AON
D MIFTAWALMIS | -12 IOP 4322 Manual Independaal

Data Interval IaData RawDritD&ta Verifican Verifimtlion Review
|DIa Sfttus Days) ilil TMP (AF-AL) (FxA2)

Ped ITWP _ 185 PmG UO- 1907F
10l9As Found 7 tWj

As Left 5C 1825 214% -02142SS; 4I5984-06 o
3/S/9 A iFatund ISL.

As Left 556 184. -0.286% -0.002854' &16327E.06 =
9/1S9 As Panitd 1866D 0

As Left 526 186.0 0.143% 0.001428571 2.O82E. O
4/7/92lAJ Foud 185D 0

As Left 552 8I5O 0*0S0 0.004000000 1A00E-W
10/3/0 As Fourd 2 7

As Loft 561 122 .4186% -O.O4 5S7143 34898E-06
3/21/9 As Foud _ is"h

As LAft 552 183.5 0214% 002142857 459184E-06 s"

AsLft 523 __4_ .743% -o0D07428 5351837.0! 7
4/11/61A_ __Ftno A/F data rearded_

-Wtdt IIJ 187.2
DRIFT ANALI ITS2U12A er 4322 . aulId t

Data Inerval Initial Data Raw Drift Data VerifiaLtiOn Verification Review
ate status - - TRIP TRP (AF-AL) (FXA2)

|_ Reurd Up -185 PSlG _
0/12/61As2Fm21d I I 4A

As ett t 567| Is" l OA -M05742 & _ Z S2M53Ea 07
3/25/9 As Pmd 161D

As L.ft 556 185.0 -0.714% - 00M42857 5.102U41.05
9/15/ 9 AsFund 186D0

As ILft 26 i86.0 .5s3% 0.00542871 2S4694E-O .
4/7/92 As Found 1

jsleft 552 182.2 -OA86% 4004743 2-918E-05 7 O
10/S 90 FAuwd 172.3 A/F data Out of =rance

As Left 561 185.6 -1A*o% 4-006000000 2.560008.04 ."
S/21/89 As Foud 192.0 A/F data outof tolerance

As Left 552 183.5 0.657% 0.06S71429 4US137EO S
9/168 A Fou 187

As Laft 523 187A4 -aW200 -O02OOD 4AKWiOB-6
4i/S As Found bo A/F data ewexrded :

IA9,eft 188 S
DRIFP ANALYSISXAO 4322 mamaMndevl

Data Inerval Indtial Data Raw Drift Data VeriICAton Verification Review
Date ftht ta n llU) 7W RP AIAL) t (W2)

Rhqied lHP -185 PSIG .

20/12/96 A Foun - " t ~ - A I P data out of blerwe.9
As Left 567 18.1 0300% O03000000 90000 l

S/25/S SAs FLt 552d 18379 A/F da5a out 29e ranc
As Left 356 18.0 -04 2 6A1224E

9/15/91 As F9.d IMlh _
Aslft 526 M18. 4)DX -0A.061 O 9DOOOOEOi ______

Wou2_d 183.7
As Lft 552 187.7 0.29X% 0.00285V1 21*34!

10/S/9 As Foud fso.o0Y
AsI.Ldt 561 uoo. -&W 463X7 4.1S25OE4! .

S/21/S! W ound 1923 S ~ A/F data out of toeac n
As Left 552 InSL .A1 QD67142S6e USOS6E- v 7- J

9/16/G As Feurd - 187.66
As .14Aft 523 1S7A am%3 IMMtB0481373E4 J0

4/n1/8 hM Fourd ! __ _ 7no A/F data reoded' _ * _

I Left I 1 a87. _ _ 1

Page z of 7Vermont Yankee Design Engineering

I



Vermont Yankee
INSTRUMENT DRIFT ANALYSIS
DESIGN GUIDE

Revision 1 ( June 7, 1999)
Appendix E / Attachment 7.5.2

Page 3 of 7
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DRIFF DESIGN GUIDE
Revision 1

Attachment 2
Drift Caulaton For Fetwal 15
OP4322XIS -Raw Data (F-m VYC-599)

d ~~AUHRAUON I I I
ffnt OP 4322 j Manuel _ _aulI -I ne-dn

Lat
Dat a - Intarval I al Data
Retm IDava TMp

Raw Dit Data
TM I

Verficaton Verificatiol~~~ I l Iw
(A"-AL) (FX"2I

R-- - - 8P-5PSIG -.

10/296 As Found 146_ _ _ _ _

left 567 184.6 4500% .= -OA5OSOO 9A0000) 0t 6
s/ 2595As Pound 186.7 _

As Left 556 186.7 ^0.072 0714286 &2l204E , -07 F
9//93 As Found 187.2 _

Asa Lft 526 187.2 0.514% - .OM3142857 97755E0t1 _
439i As Found IS.6

As Laft 552 185. OM17% 0.00057429 S.2W51B-07 '

10/3/90[A9zoqi is
Left 561 i1846 4X486% .0.00457143 2- E.05 @

5/21/8 9AsFound 188.0 _ .
AstLft 552 185.0 R 0s 1% 4Xeo00714286 5.10204B1 .07

9/16/87 As Found is" - _s_ _ ________nssE _
As Left 823 188. 0.3429% 0.003283714 1U 79 m9.3 ,

4/186 An Found _no _A/F data econrded
As Left 1862

DFrANALM TS-2-1B = P 4322 Manual Manual _

Data Interval Initial Data . Vficaton Verification Review
Xto Status ) TRIP TRIP (AF-AL) (Fx'%2)

PRed Trip 185 PSIG
0/1/- =, . -S* __.1 12 6 A s Pound 18.Is "_ _ _ _ _ _ _ _ _ _ _ _

As Left 567 16.5 0.171% .0M714286 2.93V87-06
3/ 95/X As Found _ 5. tSSS ____

As ILft 556 185.5 100% -0.000o0mo 0 1.00-0 a
OI593t5As Found 1 .0_

As Laft 526 186.0 0A29% 0.00425714 U3673E-05
4/7/92 As Found 183.0 _ = . _

As Left 552 1S3. 0.%43% 0004218 1367SE-07
10/3/90 As Found 1S2.7

As Left 561 127 03.14% 0.0O3142857 9SS 9JE.06
_9/ 89 As Found _ 180.5 - = __

As Left 552 180.5 4857% 0.00571429 7.46942.05 -
9/6 As Found 186.5

As Left 523 186.5 0.86% 0.03857143 1A47760 .

41186 Fonrd _ _o A/F data rordd .
Als Lft =______ 1_58

DRUFYANALYESS 2.11t - 4 Manual Maaar 432 Indepeiit
Data Int.val Inidal Data Raw Drift Data V fiCAion Verfication Review

Dole Status mys.) TRIP TRIP (AF-AL) (Fx_2)
Reure Tri 15p PSIG_

10/i/96 As Found 187.7 a,
As Laft 567 187.7 0.04S6% S 71 4 2&E-W!

5/25/9S As Found 184.5
As Left 556 1i8 e A9 0.0028s714 -. 1632748 8

9/15/95 As Found t14.1 5.

As Left 526 184.1 Q25S% 0.002857143 8163272206 -
4/7/92 As Found 182.1 _ _ _

Left 552 152L1 .500% 4.003000000 9JXx)OBA
10 390 As Found 175.6 _ A/F data out of Wlera

As Left 561 184.2 *0.914% 4eo0942857 S35918E. _
S/21/89 As Found 1910 . A/F data out oftderanc

As t 552 182.0 0.229% 00228714 521449W.6
9/16/CAs Fou 9.4 _nd

As Lft 523 189A 0.529% 0055714 22E93 OS a
4 11/86 Aa Found _o A/F data rworded _

. . A&lAft 1857 I .

Vermont Yankee Design Engineering Page.3 of 7
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Drift Calculation For Fenra"Ts
0F432XS -Raw Data

DRIFT DESIGN GUIDE
Revision I

Aftadanent 2 (Fro-VYC-159)

)

P4322 MAIN STEAM LIW HIGH TEMP FuNcBRoNAL/cAUBRATON
DIFTANAL'tI!S t23B] - P4322 _anual Manual _ Iden

Dat Interval IitlData RawDrift Dab Vatificatton Verification Review
Status aRs) TRIP iRIP (AF-AL) (FxA2)

Ra 185 PSIG i

10/U/96 A Found 18_.1 __
jA Left 567 1561 0729% 0.0728 4 S53 6E-05

S/2S/95 As Found 180 ..
As Left 556 183.0 .0314% 40.005142857 23449080 E .

9/1S/593 A Found 116.6 _ _ _ _ _
As Left 526 186.6 0.471% 0.O04714286 2.22248-05

4/7 9 As Found 183.3 _ _ _ _ _ _ _ _ _ _

An Left 552 13.3 0200% 0.002000000 4_00_8-06
10390 As Found 185L9

.A. Left 561 18L9 40314% 4.O005142837 2.64490E-OS a-
3/21/89 As Found 1855 .___

AS Left 551 185. .OAO% 4 0400000 f60C00840
9/17/87 A Found 183 :

As Left 1 113 0A71% 03714256 2.2224SE-OS
9 16 17 An Found lSS. .__

As LeU 523 185.0 0.143% _ 2 E
W As ound .'noA/Fdattr__ded __

As eft 184.0
DRIFT ANALNW T24 OP 4322 Manual__

Data Intena InitData ta Raw Dat Dta Valfication Veffication Review
Date Status ADaYs) 1RP TRW (AP-AL) _F__2_

_Rre*d Tp U185 FSIG ._.
1022/96 AsFond I 1_1 _. .

As Left 867 13.1 0271S% o02714256 7-31580 -
3 25 9SAs ound _ F. . __

As LR z _ S 13. -OA 4=0=1 L163VE
9 15 9bAs Found Is

As Left 526 I164 0.171% 0O.1714286 2.4 6O a
927A1 Found 177_5 _ AF data out of klerenca

_. Lut 52 _ 2 s 10D -O1000 4 90D v

.A LWt 561 1866 .6s7% 0.06571429 431S7E5 _
3/21/9J5 Fo Pund ICA

. .As 552 Sk -4714% 42S714212. 51020EOS
Asg Found p _ 194_ A/F data out of tolerane

.A.t Ift . 2 187.0 LLS7S 0 m1571429 im93898OFA
4/11/lU As Found X < __ _ __ _ 'no A/F datb rewrded' _____

DIUFT ANALY ;s5 _ 4 I21t or 4322 au1Inerdt
Dub v I;i tia Data Raw DriftaData Vaeration Veiftbckon Reie

Date sStaus OX75 TRIP TraP _ (AF-AL) (FxA2M
Reuv ldv -165 F51G

12W96 As Found l~3_
. s $6Wt 1953 43116S -M0t2157143 &163276-06

S29!As Fourd IS0.4A
._-_-__ As Lift 556 1873 40514% -.O0 S142857 2.64490E-! v

As/9 Found 1t4.0 _
As Left 526 18" 0.186% 0.001857143 .44898E-06 _

47 As Found 1W7
._ . _Ldt 552 1_ _ 71%_ 0.00S714286 5.1024W0

10/3/9 Ars Fud U82.2-_ - ==-_
As LEft 61 1822 -0.186% . 401857143 3A489E06

3/21/89 As Found 1fis"s
As Left 552 183.5 02071% 0.000714286 5.102Z4 7 d

9/16/ As Found 192A A/F data out of _ _ __ _ce

_ _ _ Left 523__ 5 2 3_ 0.771 em428 5o52 E a-

4 _A _ound _ 'no A/F data ecarded _
M.t = 1.0_ s

("'CliI7171

Page -y of 7Vennont Yankee Design Engineering
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Page 5 of 7

DRIFT DESIGN GUIDE
Revision I

Attachment 2
Drift Calculation For FenMa 15
oP43nXis -Raw Data (From VYC.1599)

OF 4= AIN SMAM LMNE HIGH TOOP FUNCTIONAL/CALIMRA
MrfTANALYSIS ITS-2-122C arP4t 2

IN I __ I__IMarud M.W I I epedet W

Data hNrval Intial Data
lo10 Sbita ¢ mDaval 7RW

Raw DrlftDataJ Vmrincattan Va'lfltinI

tAF-ALl IIxA21

)

Requiedp - 85 PSIG
tO/tJ9 A tt5Found 8. _

_______ As Left 567 185.4 4IS6% 4.00087143 7.346941.07
S/25/95 As Found 1804.

As Lift 56 18" 629% 4.006285714 &952B-O
9115/9! As Found 18t57 _ _

J4Left 526 18U7 -0429% -0._42514 1J3673E OAIS
4/7/92 As Found 199.9 A/F data out of tdrance _I

______ AS Left 552 187.7 2A14% 0.0241428 _.82=.4 .
10S9As APound 183.0 ____t __

As Left 861 18.0 .0.143% 440142857 2.Ut082E.06 -
3199As Found ___ 184.5 _ .

As Left 052 184.0- 4.129% -.0128574 1.6S306E-06 -
As Found 196.2 A data out i tolrance

W L8ft 523 85.4 lAS? .O14571429 2.12827E-04
4/1V Us oFund vno A/F data racorded _

As Ldft D18
DRIFTANAYSIS T2-4C OP 4322 Manual Maanud

Data ntrval lrtt Data Raw Drift Data Verificatimo VeW1cRatn Review
Dato Status My iRE' TlRP (AF-AL) (px-2), __

Red -15 WSrip_1_IG_.

0/12/9 As FPound 1187.5
/ As3/9 t 5a 7s o0nd7 74 tdaa out 42s o tlerz ___

3125191Am Found 180.5 _ _ . -
As Left 565 185 -0_14 -0.0%3714286 lXt9^0

As Found 1910 a
As L S26 1 1.5 0.A3X OA060412859 4918371E-05
As Found 10.05

As Lft 5 52 1800 04% A0.36142W W1483760E. w
1A Found _I 76_A _ /F do" out of __ __
As Ldt 561 Is" 4.643% 4LS Cn7 4.1S265F4! 5
As found 18S _ _

DRIF As Left _1 1 P 432143 _ 4M4a8Sa 2.0U182Et
9/V/C SA ound 1903 A/F dsa out of b

AsLdt 1 S1 Q043% Q t0428 15367P3EG __

10 12 96 Am Found 1984.
,As Left 527 194.0 0.26 Qa0085714! IA8776E06 5

4/25l/ F5ound 1no .F data t dedm..
As Left 5 18.2

9 1F 9Am J ond 1. I 4C OP 4322. A aaut o torrnc
Data Interval hut~al Data Raw Drift DOWl Vrfca~tlr Verfcton Rve
statu S au") TPIP TRIP (AP-AL) (Fx112
Required Trip165 FSIG

t/29 Pound _ t4

Left 572S 3 .2 0.26% 0.1428571O .16327Ef_-06 .-

ro5/5 l sFund 174A . 6 A FTor ofdda s ,,e
. .f 55 ifvRtJ6 -129n% A022=154 t509SM9E-0 _

F/S93 t oul 190.9 A/F data out of _ _an
4Left 52 U 132 Q143X 0 S0142L;7V 2AW2E4

492 As Pound 189.9 I_ ==
A Left 552 189.9 0257 0.00257t429 66IZTMB.06 -

10/3901 As Found 188.1
-A -t 561 188.1 QOS6% S _ S7l43 7S4694EW -

8s21 89As Found 187.5 . ,_
As Lift 552 1874 0.229% .00285714 522449EB. _6

9 16 87 As Found 193.5 _A/F data out of tolernace _.

As Left 523 189.1 aL129S 1128571 127367E.04 -

4 11 86 As Found I'_ "no A/F data recorded =
As Left 185S8 I I

Page.S of 7Vermont Yankee Design Bngineerlng
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INSTRUMENT DRIEF ANALYSIS
DESIGN GUIDE
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Appendix E / Attachment 7.5.2

Page 6 of 7

DRIFT DESIGN GUIDE
Revision I

AttaCinent 2
DrUfto Colaulan For FeuiwaIlS
OP4322XLS -Raw Data (Fr VYC-L"9)

-A bA s . . _ . . . .

I1r 4K -.- A^ CIlONL CALIBRATION I I a7

~ I M_ a I _ I _ I
DRIFTANAL'WhIS

Data h ntervW Initial Data lRaw Mi Data
n~t. stahm ahva IR TRIP

Veriffadon I V edficaffon RervwI,~~~~~~ _ __ __
[AY-AL

M -185 PSiG
10/12/96|Sa Found I | 182.0 1 - ki'7Zdl4 U 7-.-L-roIE.UO

As laft 567 182.0I 4L34% 1.,F~.1:W

)

S//9 A jFound 1844A__ ._
As Left 556 184' 0.129% O02W714 L.65306E- .0

9/15/93 As Found 15S
As Left S26 1833 .0.029 00028'4 &16327E48

4/7/92 As Found 183.7
As Left S52 13 .01X00% 4QO0Oli _1 e

lO/S9Ou Aa Found 1844
An Lft 561 1 84.4 0.057% - .ooos71429 3.26531B4 _ .-

/21/89 As Found ____ 1_ _ _ _ _
As Ieft 552 15S 0.114% 0A.11427 1.S0612E06

9/ 168 As Found 3.2 _
As Left 523 183.2 -0.414% 041428 171633E-05 _-

4 11 6 o6 As Found _nbA/F data reorded _
Asa ft 161 _

)RIFTANAL S TB .OP 4322 Manual Manual
Data - bInv nitial Data RAw DIM Dat Vefication Vuffixtion _aview

Date Status - -s) TRIP 1w (AF-AL) (Fx_=2)
Rmied rp *165 PSIG_.=

10/^V96 As Found .i A/Fdaaoutofolance
IAs et 567 _2. 0.9D00 0.00001 L10 [110

3/25/9 As Found V7.4 A/F dataut of kderar-w
As Left 556 187.0 -. 014% 40101-<42857 I0E2_04_

9/1590 As Foutnd 17.4 __A/F dah__ out of _
As Ldft 526 IO 4 229% ssA~n4 S22"9E 0

4/7/ As Found IS"
As LAf 5523 is"4 7 183.9 _ -00W 4.9.64

10/S/89 As Found _ _9

An I.ASt 561 1S9 A2OI% sAl n714 S22449W _
9/5l/ Am Found 18 U5 __.- _

AD Wt SG^ 18.5 a-9I% 0.00_7142 u 11SE9.05 i
9/16/82 As Found 18 3.9

As left S^523 1 18.9 4.136% -DD1857143 -44M49E-W
4/11/36 A Found 1no A/F data e_ ded- I

DRIPTANALYSS -. ^l7553i.U
Data Intez-vl WUltDaltta awW Ddft Data Vetlaon Vedfi - FUon

1>b Was TRI _TRI__ P (AP-AL) ^ ~
Raud Tzip 165 FSIG

As Wft 57 18fi4 Q957S %i5t 9.16122W: _151
SM9AsFound MY __

A-s Wt S56 MYl -tL29X -0 elX51 tX367E4 _1 1
As52 FoIUVd 1A I9A.6A~ ,

[As Left 526 189.6 im57% ODZ1UM254A 1.11755E-0

= a8 Found 18
552 1822 165 44A29% I 045n4 1"i3673E4I K -

I 18S2 I I- I I I -1 5 5 2 0 .8 8 9 7.- -- - -- .. - - -- - .. 0A. Ldft 1S 0.529X O WS2SS14 7SSybrl -
3S21/89 As FOurd _ iolS ___zzzz

0-AB Left 552 1815
is Found 19u.8 A/F data outf taerance
is Left 523 S 184S .43% OA03428571 1.17551E4!051

= _ 1 'noA/Fdatarecorded I
I_ 18SA I_1
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I



Vermont Yankee
INSTRUMENT DRIFI ANALYSIS
DESIGN GUIDE

Revision 1 (June 7, 1999)
Appendix E I Attachment 7.5.2

Page 7 of 7

Drift Calculation PFr PerwaiTs
oP43msas -Raw Data

DRIFT DESIGN GUIDE
Revision I

Attachment 2 (Frm vyC-1599)

OPO. TgAM LINE HIGH TEMP PUNCiNtA14CAURAMON I I
2-14 4322Manual I ManualI I___ In _____etDRIFI

Date
Data Interval Initial Data Raw Drft Data
status ma ) TIP 7RIP

verification Vedrcamion RaviawI
14 4.-

tAr-AU It'X"21

= ! ,*;s~ i _ - -- - -,
10/12/96 As Found VW -

_ _ As Ieft 567 185.5 0.157M OM157429 2A6939.06
S/25/95 As Pound 18L4

As Left 556 M84A .43% .0.03428371 1.1755E-05 _

9/1t/93 As Pound 186.3
As Left 526 18B 0.143% 0.071428571 2A4082E06

4/7/92 As Pound 185 _
As Left 532 183 0.643S% 06428371 4.13268 - _=

10A/1/0 As Found - .
As Left 561 181 .86% -0.00857143 784490E.

5/21/9 As Found 187.5 _
As Ieft 552 185 0514% 0.00514287 2.644900 A) _

9/16/ As Pound 1n9
__ _ tAuLeft 823 183.9 -0.186% .801837143 SAM898E.06 -

4/11/86 As Found no A/F data rdedt _
As Left 1832 .

_=_Z_ _ _=__Using EKCEL hucton to d4 tlankrd Derlatlo by
Stncdad Deition S1DEV:;23 5

Maemati0al. r8 I <nt 114 - g.85/7/anu114
Standan! Deviation usb ( , _4;UM 4G$325 ))5

Using EKCEL Function to d OJ=X AgeF:35 TotalNG- - FAE S&fl17(t.-l
Awrge (M) _ Sll)EV - .059777- 0SS4%_

MathemSr det-nakf OOOS% SIMtP74W509/14 OSS37/'114

V.~~~~~~~~~~~~~~~~~~~~~~

Ud~eE(CEL Funton to detrmn 0o3SB VF

Iaiac I _ ._.____

Malatt enly etermhd~gl __ .003% S ADE 1i4/(l rt))____
Vtee I I a g I _~~~~~
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Vermont Yankee
INSTRUMENT DRIFT ANALYSIS
DESIGN GUIDE

Revision 1 ( June 7, 1999)
Appendix E / Attachment 7.5.3

Page 1 of 2
)

Drift Analysis Design Guide Rev. 1 TP Multpliers Attachment 3

)

____ _ Pobabllity Range Multipliers MID
Q75 0.90

Sam lS ize_ Q75e 0 0350 6o I 3SO 390 09 0.750 I 300 0.950 0390 0399
2 4.498 6301 7A14 9.531 11.920 11.407 15s97s IS00 24.167 30.22?
3 2.5i 3.53 4.187 5.431 6.44 4.132 5347 6.919 s.974 11.309
4 2.035 2.892 3.431 4.471 5.657 2.932 4.166 4.943 6.440 .149
5 .5 L= 2599 3.08 4.033 5.117 2.454 1494 4.152 5.423 6X79

6 1.704 2.429 2889 3.779 4.802 2.196 5.131 3.723 4.870 6.198
7 1.624 2.318 2.757 3.611 4.593 2.34 2.902 3.452 4.521 5.750
8 "1.68 2238 2.663 9.491 4.444 1.921 2.743 3.264 4.278 5.446
9 1.525 2.178 2.593 3.400 4.330 1.39 2.626 3,125 4.09e 5.220

10 1.92 2.131 2.537 3.328 4.241 1.775 2535 3.018 3.959 5.046
11 1.465 2.093 2.493 3.271 4.169 1.724 2463 2.933 3349 4.906
12 1443 2.062 2.456 3223 4.110 1.683 2.404 2863 3.758 4.792
13 1.425 2.036 2424 3.183 4.059 1.648 2.355 2.805 3.682 4.697
14 1.409 2.013 2.398 3.14 4.016 1.619 2314 2.756 3.618 4.615
15 1.395 1.994 2.375 3.118 3.979 194 2278 2.713 3.562 454W
16 1.383 1.977 2.355 3.092 3.946 1.572 2.246 2.676 3.514 4.484
17 1.372 1.962 2337 3.069 3.917 1552 2.219 2.643 3.471 4430
i8 1.36 148 2.32t 3.048 3s91 153S 2.194 2.614 s343 4.982
19 1.355 1.936 2.37 3.030 3367 1.520 2.172 2.5s8 3399 4.339
20 1.347 1.925 2294 3.013 3.846 I.506 2.15 2.564 3.368 4W300
21 1.340 1.915 2.282 s998 3.827 L493 2135 2.543 3.34D 4.264
22 1334 1.906 2.27 .9-84 3.809 1.482 2.118 2.524 3.315 4.232
23 1.328 1.s98 2261 g971 3.793 1.471 Z103 1506 3.292 4.203
24 1.32 13 91 z252 zs959 377 1.462 z089 2A89 3.270 4.176
25 1.317 1.83 2.244 2.948 3.764 1.453 2.077 2474 3.251 4.151
26 1.313 1.877 2.236 2.938 3.751 144 2.065 2460 3.232 4.127
27 1.309 171 2.229 2.929 3.740 lA37 2.054 2A47 3.215 4.106
30 1.297 I.55 2210 s904 3.708 1.417 2.25 2A13 3.170 4.049
35 1283 1.834 185 2.871 3.667 1.390 1.9s8 2.368 3.112 3.974
40 1.271 1.S18 1166 2.846 3.635 1.370 1.959 2.334 3.066 3.917
45 1262 1V05 2.150 2.26 3.609 .354 1.935 2306 3.030 3.371
50 1.255 1.794 2.138 2so09 3.58 1340 1.916 2.2 3.001 3.633
5 - 1.249 1.783 Z127 2.795 3.571 .329 1.901 2.265 z976 3.01

60 1.243 1.778 2.118 2.784 3.556 1320 1.87 2.248 2.955 3.774
65 1.239 I.m 2.110 2.773 3.543 1.312 1i875 2235 2.937 3.751
70 1235 1.765 2.104 2.764 3.531 1.304 1365 2.222 -2.920 3.730
75 1231 1.760 2098 2.757 3521 1.298 16 2211 2.906 3.712
SO 1.228 1.756 2.092 2.749 3.512 1.292 1448 2202 2.894 3.696
85 1.225 1.752 2.087 Z743 3.504 1287 1341 2.193 2zs2 3.6S2
90 1223 1.748 2.083 2.737 .497 1.283 1A34 2.185 2.7 3669
9 _ 1.220 1.745 -z079 Z732 3.490 1.27 1.828 Z178 2.863 3.657

100 1.218 1.742 2.075 Z727 3.484 1.275 1.322 z172 2.854 3.646
110 1.214 1.736 2.069 2.719 3.473 1268 1313 2.160 2.839 S.626
120 1.211 1.732 2.063 2.712 S464 1262 l104 2.150 2326 S.610
130 1.208 1.728 2.059 2.705 3456 1.257 .7M 2.141 2314 3.S95
140 1.206 1.724 2.054 2.7W 3.449 1.252 1.791 1134 2304 .582
150 1.204 1.721 2.051 2.695 3.443 1.24S 1.785 2.127 2.795 3.371
160 1.202 1.718 2.047 2.691 3.437 1.245 1.780 Z121 2.77 3.561
170 1.200 1.716 2.044 2.67 3.432 1.242 1.775 2.116 2.70 3.552
180 1.198 1.713 2.042 2.683 3.427 1.239 1.7 2.111 2.774 3.543
190 1.197 1.711 2.39 2.680 3.423 16 .767 2.106 2.768 3.536
200 1.195 1.709 2.037 2.677 3.419 1.234 1.764 2.102 2.762 3.529
250 1.190 1.72 2.028 .665 SA04 1.224 1.750 2.085 2.740 3.501
300 1.186 1.696 2.021 2656 3.393 1.217 1.740 2.073 2.725 3SAI
400 1.181 1.88 2.012 2.644 3.378 1207 1.726 2.057 2.703 S453
500 1.177 1.683 2.006 2.636 3368 1.201 1.717 2.046 2.689 3.434
600 1.175 t.680 2.002 2.631 3.360 1.196 1.710 2038 2.678 3.421
700 1.173 1.677 1.998 2.626 3.355 -1.19 1.705 2.032 2.670 3.411
J00 1.171 1.675 1.996 2.623 3.350 1.189 1.71 2.027 2.663 3.402
900 1.170 1.673 1.993 2.620 3.347 1.187 1.697 2.023 2.658 3396
1000 1.169 1.671 .m 2.617 3.344 1.1S5 1.695 2.019 2.654 3.390
H1li~ii 1.150 1.645 1.960 2.z76 3.291 1.150 1.645 1.960 2.576 3.291
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Vermont Yankee
INSTRUMENT DRIFT ANALYSIS
DESIGN GUIDE

Revision ( June 7, 1999)
Appendix E / Attachment 7.5.3

Page 2 of 2
)

Drift Analysis Design Guide Rev. I TIF Multiplier Attachment 3
I - -

Frobabllty Range Mitiplenr (111)

Samk lSize 0.750 09300 0.50 .O CM99 0750 0.900 0.950 CM 0|999
2 22458 32.019 37.674 48S430 60-573 114.363 160193 188.491 2423a0 303.054
3 5.922 1.310 9.916 12.661 16.208 1.378 I.930 22.01 29.055 36.616
4 3.779 5.369 6.370 S.299 10.502 6.614 9.398 11.150 14.527 18383
5 3.002 4.275 5.079 6.634 8.415 4.643 6.612 7.855 10.260 13.015

6 2.604 .712 4.414 5.775 7.337 3.743 5.337 6345 6301 10.548
7 2.361 3.369 4.007 5.24S 6.676 3.233 4.613 5.488 7.187 9.142
8 2.197 3.136 3.732 4.891 6.226 2.905 4.147 4.936 6A68 L234
9 2.078 2.967 3.332 4631 5.899 2.677 3=22 4550 5.966 7.600

1.987 2.839 3.379 4.433 5.649 2.508 3.582 4.265 5.594 7.129
21 1.916 Z737 3.259 4.277 5.452 2.378 3.397 4.045 S.308 6.766

12 1.858 2.655 3.162 4.150 S291 2.274 3.250 3.870 5.079 6.477
13 I1 2Z587 3.081 4.044 5.158 2.190 5.130 S.727 4.693 6.240
14 1.770 2.529 3.012 3.955 5.045 2.120 3.029 3.08 4.737 6.043
is 1.735 2.480 2.954 3.878 4.949 2.060 2.945 3.507 4.05 5.876
16 1.705 2437 2.903 3.12 4.865 2.009 2.872 3.421 4.492 S.32
17 1.679 240o 2856 3.754 4.791 1965 2.80 3.345 4.393 5s607
18 1.655 2.366 2.819 3.702 4.725 1.926 75s3 3.279 4307 5.497
19 1.635 2.337 2.754 3.656 4.667 1.89 2.703 3.221 4.230 539
20 1.616 2.310 2.752 3.615 4.614 1.860 2.659 3.168 4.161 .312
21 1.599 2286 2.723 3S77 4.567 1.833 2.620 3.121 4.100 5.234
22 1.584 Z264 Z697 3.543 4.523 1.808 2.584 3.078 4.04 5.163
23 1.570 2.244 2.673 3.512 4.484 1785 2.551 3.040 3.993 5.098
24 1.557 2.225 2.651 3.483 4.447 1.764 2.522 3.004 3.947 5.39
25 1.4S 2.208 2.631 3.457 4.413 1.745 2.494 2.972 3.904 4.985
26 1.534 2.193 2.612 3.432 4382 1.72 2.469 2.941 3.865 4.935
27 1.523 2.178 2.595 3.409 453 1.711 2A46 2.914 3.828 4.888
30 1.497 2.140 2.549 3350 4.278 1L66s 2.385 2.841 3.733 4.768
35 1.462 2.090 2.490 3.272 4.179 1.613 2.906 2.748 3.611 4.611
40 1.435 2.052 2445 3.213 4.104 171 2.247 2.677 3.515 4.493
45 A1A14 221 240S 3.165 4.042 _1.39 2200 2621 3A444 4.399
50 1.396 1.996 2379 3.126 3.993 1.512 2.162 2.576 3385 4.323
55 .1382 1.976 2.354 3.094 3.951 1.490 2.130 2.538 3335 4.260
60 1369 1.958 2.333 3.066 3.916 71 2.103 s 206 3293 4.206
65 1.359 1.943 2315 3.042 3.886 .455 2.080 2.478 3257 4.160

0 1.349 1.929 2.299 3.021 3.839 1.40 2.060 2.454 3.225 4.120
75 1.341 1.917 2.255 3.002 3.835 1.428 2.042 2.433 3.197 4.084
80 1334 1.907 .272 2.956 3.814 1.417 2.026 2.414 3.173 4053
85 1.327 1.897 2.261 2.971 3.795 1.407 2012 2.397 3.s50 4.024
90 1.321 1.89 2251 Z958 3.778 1.398 1.999 2.382 3.130 3.999
95 1.315 1.881 2.241 2.945 3. 1.390 1.987 2.368 3.112 3.976

100 1311 1.874 2.233 2.934 3.748 1.383 1.977 2355 3.096 3.954
110 1.302 1*61 2.218 2.915 3.723 1.369 1.958 23a3 3.066 3.917
120 1.294 1.850 2.205 2.898 3.702 1358 1.942 2.314 3.041 3.885
130 1.288 T.h41 2.194 2.883 3.683 1349 1.928 2.298 s.019 3.57
140 1282 1.833 2.184 2870 3.666 1340 1.916 2.283 3.000 3M33
150 1.277 1.825 2.175 2.859 3.652 .332 1.905 2.270 Z983 3.8I1
160 1.272 1I.9 2.167 2.848 S3.3 1.326 1.896 2259 2.968 3.792
170 1.268 1.813 2.160 2.39 3.627 1320 1.887 2.24 2.955 3.774
10 1.26 1.808 2.154 2.831 3.616 1.314 1.879 2.239 2.942 3.759
190 1261 1.80 2.148 2.823 3.606 9 3 1.872 2.931 3.744
200 1.258 1.798 2_243 2.816 357 1.304 1.865 2.222 2.921 3.731
250 1.245 1.780 2.121 2.78S 3.561 1.286 1.839 2.191 2.880 3.67t
300 1.236 1.767 2.106 2.767 3.535 1.273 1.820 2.169 2.850 3.641
400 1.223 1.749 2.084 2.739 3.499 1.255 1.794 2.138 2.09 3.589
500 1.215 1.737 2.070 2.721 3.475 1.243 1.m 2.117 2.783 3.55S
600 1.209 1.729 2.060 2707 3.458 1.2t4 1.764 2.102 2. 63 3.530
700 1.204 1.722 2.052 2.697 3.445 1.227 1.75 91 Z74 3.511
800 1.201 1.717 2.046 2.688 3.434 1222 1.747 2082 2.736 3495

1.19S 1.7t2 2.040 2.682 3.426 1.218 1741 Z075 2.726 3.4S3
1000 1.195 1.709 W.36 2.676 3.418 1.214 1.736 Z.068 2.718 3.472

1linUiq 1.5 1.645 1.960. 2.576 3.291 I.lSD 1.645 1.960 2.576 3.291
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Docket No. 50-271
BVY 03-64

Attachment C

Vermont Yankee Nuclear Power Station

Proposed Technical Specification Change No. 257, ARTS/MELLLA

Additional Information in Response to RAI No. 9

VYC-467, Reactor System High Pressure Trip Loop Accuracy Review



- w

VY CALCULATION CHANGE NOTICE (CCN)
VYC-0467, Rev. 5 CCN-01

ap I (if I.W
CCN Number. 01 Calculation Number VYC-0467 Rev. No. 5

Calculation Title: -REACTOR SYSM HIGH PRESSURE TRIP LOOP ACCURACY REVIEW

T-114~na l4n-n JI A
LUU"IULL LVUCU.LLILL4 IL IW/

VYDC/lMM/TM/Spec. No./ other

Safety Evaluation Number. N/A

Cimpreloeoil rDnmtn,*r1-n NIA

Implementation Required V 3.4s W

Reason for Change:
To correct the cs Limiting Setpoint aSp) value from 1066 to 1038 psig.

Description of Change:
Revise various sheets to show LSp value of 1038 psig.

Tedhnical Justification for Change:
VY Instrumeni Uncertainty and Setpoirds Design Guide, Rev. 1, Appendix D, Section 4.6.1.

Condusions
1. lhe ISp value of 1038 psig supports the existing Technical Specification and Analysis Limits.
2. This Calculation or CCN is not an implementing document. Therefore, this CCN does not require a safety

evaluation.

f,

L Verification/Final Turnover to DCC:

OpenltemsAssociated withCCN n Yes EINo O Closed (Section23.2)

Installation V

CalcuIin a~cmrately ref lects plant as-built configuration, OR
0 N/A, calculation does not affect plant configuration

Resolution of documents ideif in the irv lput Documents Secton of VYAPF 0017.07 (Section 23.6)

Jooseph C. Garozo t1 _ I
P0-i&l 1ao-- - F CA-hw II I o

Total number of pages in
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Affected Program L- t tafctedprogmmorthep m mthat feeerelatedto orputoE If fth fereeSSARD9Dor Relod (SDotOPL),checkCritIal
Referen colhn and ceck PSAR DD or Relod as apppriate, on fom (above).
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REACTOR SYSTEM HIGH PRESSURE TRIP LOOP ACCURACY REWIR VYC-467 Revislon 5

C14tA d I
A& G oFTABLE II

Total Loop Uncertainty Results

Output Instrent Interal lonmalLOCA HELB Seismic

% CS pSt9 % CS pig %CS pig
PT-24-65A ). 55(M), Monthly 1.12 r 16.73Z 1.74 - 26.05 " 1.22 1833 W
55(M). 65DL_ _

PT-23ZM,65B(M), Quarterly 1.2 16.73 1.74 w 26.05 122 1833
55C(M), 55D(M) .

6.2. Setpoint Evaluation

Results ae presented below for the Utmiting Setpoint (LSp). Aflowable Value (AY), and Technical
Specifications Lkrdt. Also calculated Is the Acceptance Value (ACV) by algebralcally adding the esfound
lolerances for the loop devices to the ewdsting setpolnts. The calculaton of this value and the margin from
Allowable Value (AV) ensures that the Allowable Value (AV) will not be exceeded during survellance. Al
the avawiable margins are shown below. Comparison of the calculated AVto the present Technical
Specification value of 1055 pslg shows that the setpoint wll support the Tedmnical Specificafions for
Improved Technical Specifcations OTS), and for Current Technical Specflications (CTS).

I
I

1.
TABLE 12

5etpolnt Results

. __ ~~~~~ ~~~~CTS f fs

Ana~w Lhin-it 10i w1085'w

AllowableValue NbA | 1082

Techilcal Specifications Umit (rS) 10551

Acceptance Value (ACV W 10-)

Urniting Selpoint (Sp) 1066

Setpoint.(SP) f 1038

Margin LSP tob W" 13 Monthly 2 W

Margin TStoSP )Sb I Negligible

Margin AVtoACV (M3) -- N

Spurious Trip Marin - HELB (M4) NA 11Y

' The actual Technical Specification ruit is 1055 ps5g, however the actual setling value In OP-4312 Is
1054.69 (equhvaent to 15.25 mA). For ITS the Technical Specification n-it would be revised to the AV
or limit of operability. -

These results are presented graphically In Figure 1 and 2.

I
I

I

I

I

Y :keNcerS~e 
ae1 f2
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REACTOR SYSTEM HIGH PRESSURE TRIP LOOP ACCURAZY REVIEW VYCW67 Revislon 6

5p e o Cm Ta p or

6,3. Graphic Representatlon of the Custom and Improved Technical Specfl~cation Setpolnts.

Fioure I - Custom Technical Sfecifications
-Values shown reflect both Monthly &
Quarly Subveance rquirements.

Ia,_

Reactor Vessel Pressure Increasing
I For TO STAEIJ

v*7t Yer"-
,d0x:/f9

Yaniee Nuclear SeMces 
Pagel6of22 II
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REACTOR SYSTEM i-UGH PRESURE IT~IP LOOP CCURACY REVCe,-4 o )

6.4. Calibratlon and Test Results

In order to support and implement the results of tis calculation, the loop Instruments are to be calibrated
according to the fllowolng table:

TABLE 13

Calibration Setpoints and Ranges

I

Test as-fund tolerances (FT) and asleft tolerances (CT) are shown below.

TABLE 14

Calibration Tolerances6

I

I

I

5.5. Summary of Recommendations

The calculated limiting setpoint for Custom Tehnical Spe fatr Technical
Specifications Is 1066 psig. The current Plant setpoint Is 1038 pslg. Fr both the Custom Technical
Specification and Improved Tectnical Spectfication programs, use of the exisling selpoint provides
adequate margin from the anafytical knIt of 1085 pstg.

Since the setpoInt value did not change from the value established In revision 4 of this calcudation, the
setpoint values found In the calibraton procedure (OP-4312, Rev 21) and in the Alarm Response Sheets
(5-K-3, Revy (Ref. 6.40)) do not need to be revised. Although the As-Left caribrallon tolerances did not

' The as-found tolerances have been rounded off to wo dedmal places for ease of caUbraton. See attachmuent B for addtonal
Irformatio.

Yankee NuclearSevices Page 18of22 |



Calculation . . .. 467 Rev. 5 Anatse ..̂nt B .0 Calwton oetaf

5.1.1 Custom Technical Speclfications

Although these ioops are required to remain operebhe for up toO6 hours followtng HELD events, operabiliy s fmIted
to not causinga spurioustrip or faing in suwh a manner as to cause a loss of RPS functions. Thereforethe
evaluatlon will consist of ensurtrng that a iKtELB eventvtwi not caus aspurious trp and wilt not be used to detenilno
the Limiting Setnolnt. Vermont Yankee's Desgn Bases establishes that that Reactor Vessel Pressure Is rured for
a Design Basis Eethauake. Therefore, the Limiting Setpolnt wil wbe developed using the seismic uncertainty. In addmffon
actuation of tlh desiredi aepoint ts for h~sfn g press ure, herefiore the most timiting, positive, Total Loop Unrtainty (TLU
sebmi) w be uted..

Lop S"g eioit forPT44-55AB C,&Du ta
Monthly smvillnc Interval.

Ml m 1am the eXlxfng setpolnt

Margtn etpornt (Monfm
Z r, ap5 x., -

Jos W s~~~~P.1"O1Wes
L8P YLO P L5

Ml Lm :xLBP m~cr8- BP

Mrergfn Pr71Tgnh~u nt R(Qmrntertwj
L$PoQc0s~O~k~,) 5sP.1058" op

Ml O¢OMLSP QCTs-8P

a

tSPqL 2..A.,&Data

M1 of d - ftn the exMng se"p"g

pop

t, . t

1180Z

C

Y.,o --;4



VY\-ia7 JerVer
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VERMONT YANKEE SETPOINT CONTROL PROGRAM
INTERDEPARTMENAL REVIEW OF CALCULATION:

VYC- 467 Revsn 5 has been prepared and Idependently reviewed. The Deparm= impftd by fti
calculation are requested to review the rmsults of this calculation, concur Wth e resuls andfor
reconmznidations, and document the deparme~s acceptance rior to 1he caculation being approved.

1. Sum b This calculation evaluates the unceitahty & setpoints for Reactor System High Pressure
Trip LOoW

2. Calculation Open Items: AP-002 tobe
Assigned

Not Applicable
4A t.A2QM/ u4/b

3. Denaitnent Review - contact ihe Sctpognt P ram Mnager (1. Henierle) f not i agrement with
th*e conclusionslatements.

3.1. Vermont Yankee E&C

3.1.a. Procedure; OP4312 "Riactor Vessel High Prsa Scram Funtioa Test/Calibratio Wll
require the following

From Aaee
1. Calibration Tolerances:

PT-2-3-5SAIBAM
a. As Fwond value
b. AsLeftvalues:

0-0.17wA
+/- 0.04 rnA

+/-0.16mA
4-1 0.04 mA

0
1I

PT-23SA)ICO "n

a. LAs Found values:
b. As Left values:

+/- 0.04 nmA
+4- 0.03 mnA

+1- 0.03 xuA
4/- 0.03 mA

0 W-

2. Nominal Setpoint

3. Limting Setpoint

4. Head Correction

1038 psig
15.07 mA

Ic-b
1068s psg

12 psig

0

C

QI12 psig

S. Insert the following M&TE requtrements:

M&TE
Heise Gage 901B
Heise CM & CMM
HP 34401A Digital Multimeter
Rosemount Readout Assembly

Ranges
0-2000
0-2000
0-100
0-28

Resolution
0.1 psig
2 psig (morDiv)
0001 =A

0.01 mA

TWUUNDEMMUM

C W PD D . -.
ATM WP-.
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VYC-0467, Rev. 5, CCN-02
IPage 1 of 7 IVY CALCULATION CHANGE NOTICE (CCN) .

CCN Number:. 02 Calculation Number VYC-0467 Rev. No. 5

Calculation Tide: REACTOR SYSTEM HIGH PRESSURE TRIP LOOP ACCURACY REVIEW

Initiating Docunent: ER 2001-2151 01
VYDCIMMTrM pec. No. other

Safety Evaluation Number. N/A

Superseded Calculation: N/A Superceded by: N/A

Implementation Required: a Yes ED No

Conmuter Codes: N/A

Reason for Change:
Commitment ER 2001-2151_01.

Description of Change:
Corrected normal reactor pressure value from 1000 psig to a conservative 1010 psig per ER 2001-2151 response.

Technical Justification for Change:
Normal reactor pressure is procedurally controlled to 1005+1-5 psig. Sufficient margin is available to accommodate the
increase in the pressure value.

Conclusions:
Normal reactor pressure value corrected per commitment ER 2001-2151_01. Irease in pressure will not result in
inadvertent reactor trip in the event of a HELD.

Are there any open items in this CCN? a Yes O No

y/Date Interdiscipline Review By/Date Independent Review By/Date rovedAByate

at trzl oCrro 7J.4 pp--.r- .|~

Fmal Turnover to DCC (Section 2):

1) All open items, if any, have been closed.

2) Implementation Confirmation (Section 2.3.4)

s Calculation accurately reflects existing plant configuration,
(confirmation method indicated below)

[ Walkdown 0 As-Build input review D Discussion with JsMeh Garo
OR (print name)

E N/A, calculation does not reflect existing plant configuration

3) Resolution of documents identified in the Design Output ' S Section of VYAPF 0017.07 has been initiated
as required (Section 2.3.6,2.3.7) ik E <f-
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Print Name i I signature
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List the specific documentation in this column. 'See attached list' is not acceptable. Design Input/Output Documents should identify
the specific design input document used in the calculation or the specific document affected by the calculation and not simply reference
the document (eg., VYDC. MM) that the calculation was written to support. If a DBD is used as a general reference, include the most
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Figure 2- Improved Technical Specifications
Values shown reflect both Monthly &
Quarterly Surveillance requirements.

Reactor I
Vessel
Praswe
liacasing
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REACTOR SYSTEM HIGH PRESSURE TRIP LOOPACCURACY REVIEW VYC-467 Revision 5

6.33. System P&ID - Flow Diagram - NuclearBofler Vessel Instrumentation, G191267, sheet 2, Rev. 3.

6.34. Control Wiring Diagrams:

6.34.1. DrawIng -1891301, Sh. 805, *Reactor Protection System Auto Scram & Auxiliary Circuit Channel
'Al', Rev. 11.

6.34.2. Drawing B-1I91301, Sheet 808, *Reactor Protection System Auto Scram & Auxiliary Circuit
Channel 'A2', Rev. 12.

6.34.3. Drawing B-191301, Sheet 812, "Reactor Protection System Auto Scram & A dliary Circuit
Channel'B1', Rev. 12.

6.34.4. Drawing 5-191301, Sheet 815, 'Reactor Protection System Auto Scram & Auxiliary Circuit
Channel'B2', Rev. 11.

6.34.6. Drawhng -191301, Sheet 803, *Reactor Protection System Reactor Scram Sensors Channel
'Al', Rev. 17.

6.34.6. Drwing 5-191301, Sheet 806, *Reactor Protection System Reactor Scram Sensors Channel
'AZ, Rev. 14.

6.34.7. Drawing B-191301, Sheet 810, 'Reactor Protection System Reactor Scram Sensors Channel
'BI', Rev. 18.

6.34.8. Drawing 6-191301, Sheet 813, 'Reactor Protection System Reactor Scram Sensors Channel
'52', Rev. 14.

6.34.9. Drawing B-191301, Sheet 834, 'Reactor Protection System Annunciator, sheet 11, Rev. 4.

6.34.10.Drawlng 5-191301. Sheet. 837, "Channel WA' Computer Inputs, Rev. 14.

6.34.11 .Drawlng B-191301, Sheet 838, `Channel 'B' Computer Inputs. Rev. 16.

6.34.12.Drawing B-191301. Sheet. 850, *RPS Analog Trip Al', Rev. 5.

6.34.13.Drawing B-191301, Sheet 851, ORPS Analog Trip B1-, Rev. 3.

6.34.14.0rawing B-191301, Sheet 855, *RPS Analog Tp A2, Rev. 5.

6.34.15.Drawing B-191301, Sheet 856, 'RPS Analog Trip B2', Rev. 7.

6.35. , ont ankene dreAP 0150 *Conduct of Operations and Operator Rounds" R~X~ue Date
00

6.36. S cClarifications Associated with the Verm6nt Yankee Technical Specification
'Typical Surveillance Intervals'

6.37. DELETED DuRING REv S. - Test equipment information captured by WC-1 758.

6.38. VYC -332 Revrison 2 Page 26-29 'ReactorWater Level and Pressure Head and D dP' dCo ct
calculated and recommended at 12.70 psl for calibration. o 2*

6.39. ns Source Document, Vermont Yankee Nuclear Power Station vlsi ii

6.40. se Sheet 5-K-3, RevA Reactor Protection System.

6.41. VY Design Engineering Procedure No. 15, Review and Approval of Design Engineering Procedures,
Rev2.

6.42. Memo, VYI 92197, Rev 1.G. J. Hengerle to Distribution, 'Application of CTCE and A for single point
devicer, dated June 26, 1998.
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Calculation VYC-47 Rev. 5 Aftehment B .,- Cacteuodn D~eta
.

5.1.3 HELD Spurious Trip Margin

Anl RPS components aresreulered to remain functional and not cause areactor
scram for ait hours following a HELB outside of the primary containment For the
Reactor Pressure High Trip, this opereblllV Is verified by evating the affect of HELB
erromrs with a normal reactor pressure reading. The normal operating pressure is
selected and HELJ3 ers are added to the normal pressure to determine if a spurious
trip could occure. M4 Is the margin to spurious trip.

The RPS system must remain
functional forD hours after a HELD
event to allow for a controlled
shutdown of the Reactor. This
requires that the Resctor Vessel
Pressure Trip Instnnnents riot
generate a spurious trip during this six
hour time. The errors associatedawith
a HEL B event wil be added to normal
Reactor presswe to determine the-

TLU HW_25.O a 2&0psl V

P SPa 1038s1 ,

M4 :=P- (P n+rLU HE_Quft*_Rn)

P n+W I

Margin from spurous RPS hriP durlng 0
hrs Zaer HE event - SP-Norrnal DW
Pr+TLU(HELB)

5.1.A Setpolnt Results

Anl of the margins associated wlth the exdsflng setpoint of 1038 pag were posiive,
therefore the eidsting setpoint Is acceptable and no aetpoint change Is required.

Setpolt Conversio from PSI to mA
Setnoint

SPuS10MslJ5 CSmt.slSO500l V

SPMA 1 : (sp A SP-MA m 15.07"mA Setpolnt value In mA

Tech S& Value

Ts . 1055st

ThSjnA:=TS.8(1 +4

Z: r
CO 4 v-

0 --

"t �j P

-,4 e,TS-JA- 15.25mA Tech Spec value In rnA

^'A/' Y# 0 u m'
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History of Revisions

Rev. No. Approval Reason & Description of Change
Date

0 06118/86 Initial Issue.

1 08113186

2 08/18/88

3 -03/07/91 Generated to Incorporate new vendor information and Incorporate the
replacement power supplies

4 2127/98* Revision 4 generated to support Improved Technical Specifications and to
Incorporate a new setpolnt methodology document This Is a major rewrite.

3 .00 Revision 5 generated to support recent revision to the EQ manual (Rev. 38),
' J PSAR (Rev. 15, and Technical Specification manual (through Amendment 169).

Revised sections regarding development of the Limiting setpoint to reflect the
newly established Analytical Limit and revision to the calibration procedure.
Also revised sections to reflect most recent versions of references and
additional comments made during the PP-7007 In house review.

*Minor additional changes have been incorporated since calculation approval but prior to distribution (i.e. Interdepartnental
Review Form).
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REACTOR SYSTEM HIGH PRESSURE TRIP LOOP ACCURACY REVIEW VYC-467 Revision 5
RECO YTMHG RSUETI OPACRC EIWVC47Rvso

PURPOSE

1.1. Calculation Objectives

This calculation has been developed In support of the Vermont Yankee Setpoints program and covers
instrument loops for Reactor Vessel High Pressure Scram and has the following major objectives:

1. Document the instrument loop functions and the basis for the setpoints and operator decision points
associated with those functions.

2. Establish the total loop uncertainty for each output function and verify consistency with the design
basis.

3. Calculate the limiting setpoints and operator decision points.

4. Evaluate the adequacy of existing Setpoint Administrative Limits and procedural decision points.

5. Provide as-left and as-found tolerances for use in instrument calibration and functional test
procedures. Verify and document process corrections, Instrument scaling, and calibration methods.

6. VYDEP-15 Section 2.2 requires that applicable operating procedures, EOPs, surveillance
procedures, and maintenance procedures be Included In the evaluation. This calculation will
evaluate the accuracy of loop components, Including Indicators and recorders where applicable.
The accuracy determined by this calculation will be used as an Input for generic evaluations for
alarm response, operating procedure, off normal operating procedure, surveillance procedures and
EOP Impact. Therefore, the scope of this calculation will not evaluate the Impact of the setpoints or
accuracy determined on the operating procedures or the alarm responses. Refer to Attachment P
(Interdepartmental Review Form) for impact considerations.

1.2. System & Components

This calculation applies to the Reactor System High Pressure Trip of the Reactor Protective System. The
specific components to be addressed are captured in Table 1:

TABLE I
COMPONENT IDENTIFICATION

REF. TAG NUMBER RACKI BYS DESCRIPTION MFG MODEL NO. CWD
CABINET

6.10.1 PT-2-3-55A, 25-5 A&B 25- NB Transmitter Rosemount 1152GP9E2 850,851,
B, C, D 6 C&D 2T0280PB 855, 856

6.10.2 PT-2-3-E5A(M), 25-5A, A&B NB Master Trip Unit Rosemount 7IODUOTT3 850,851.
B(M) C(M), 56 & 7157 855,856

6.10.3 ES-25-6A-AI, 25-5A, A&B RPS Power Supply Techni-power 227-8563 850,851,
SA-B1, 6A-A2, 25-6A C&D RPS Channels 855,856
and 6A-12 ,

I

I

Revision 5 has been generated to incorporate changes to the EQ manual, FSAR, and Technical
Specifications.

Yankee Nuclear Services 
Page5of22 I,
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1.3. Instrument Loop Function

Attachment A has a simplified loop diagram of the Instruments and components described below.

TABLE 2

CHANNEL IDENTIFICATION

Channel Al B1 A2 02

Transmitter PT-2-3-55A PT-2-3-55B PT-2-3-55C PT-2-3-55D

Trip Unit PT-2-3-55A(M) PT-2-3-55B(M) PT-2-3-55C(M) PT-2-3-55D(M)

First Relay 2-3-55A 2-3-55B 2-3-55C 2-3-55D

Scram Relay K13A, K13E K13B, K13F K13C, K13G K13D, K13H

Computer Point D516 D517 D518 D519

Annunciator (Rx Panel 9-5 loo K-3 Panel 9-5 loc K-3 Panel 95 eo K-3 Panel 9-S loc K-3
Pressure High) (requires A&C or (requires A&C or (requires A&C or (requires A&C or 8&D

B&D trips) B&D trips) B&D trips) trips)

Reference 6.34.1, 6.34.9, 6.34.3,8.34.9. 6.34.2.6.34.9, 6.34.4,6.34.9.
6.34.10, 6.34.12 6.34.11, 6.34.13 6.34.10, 6.34.14 6.34.11, 6.34.15

I

1.3.1. Normal Operations

There are no Indications or anticipatory alarms associated with these Instruments. Therefore,
these Instruments have no normal operational function.

1.3.2. Functions During an Accident! Abnormal Operational Transient
As defined In FSAR Section 14.4.4.2 "Nuclear System Process Barrier Damage and Technical
Specification Bases Section 1.2, the Reactor Vessel High Pressure trip provides protection from
exceeding Safety design limit 2 for abnormal operational transients. The 1375 psig value Is
assumed to be the safety limit for high pressure transients. The pressure safety llm of 1335 pslg
as measured by the vessel steam space pressure Indicator Is equivalent to the 1375 psIg safety
limit at the lowest elevation of the reactor coolant system ( Ref. 6.39).

I

The Reactor High Pressure Trip scram Is not required for any design basis accident, however, the
trip Is required for the following limiting transient events that result directly In a nuclear system
pressure Increase by rapidly decreasing the steam flow from the vessel. The events that result In
the most significant transients In this category are:

1.
2.
3.
4.
5.

Generator Load Rejection From High Power Without Bypass(Ref. 6.3 Section 14.5.1.1.1).
Generator Trip (Turbine Control Valve Fast Closure) (Ref. 6.3 Section 14.5.1.1).
Turbine Trip (Turbine Stop Valve Closure) (Ref. 6.3 Section 14.5.1.2).
Turbine Trip From High Power Without Bypass (Ref. 6.3 Section 14.5.1.2.1).
Main Steam LIne Isolation Valve Closure (Ref. 6.3 Section 14.5.1.3.1).

YakeN cerSrie a e o2
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For Vermont Yankee the limiting transient is either the Turbine trip without bypass or the
Generator Load Rejection From High Power Without bypass depending upon the specific reload
analysis parameters.

Reference 6.6 GEK-32430 RPS 2-30 States a rise in reactor pressure could result In the collapse
of core steam voids. A collapse of core steam voids results In a power Increase that could cause
fuel damage. If the reactor vessel pressure Increases to 1070 psia (1055.3 psig), pressure
sensors PT-2-3-55 (A-D) cause sensor relays In the reactor protection system to drop, which in
turn cause the scram contactors to drop.

As discussed in the Instrument Uncertainty and Setpoints Design Guide (Ref. 6.1 and Ref. 6.17)
relays have no accuracy associated with them. Therefore, the loop analysis will Include a review
of all components up to, but not Including, the relays.

1.3.3. Post-Accident or EOP Functions
For the components of these loops, following Is the Equipment Qualification Matrix Data IVY EQ
Matrixl(Ref. 6.10.6).

I

TABLE 3

EQ MATRIX DATA

COMPONENTS LOCATION ACCIDENT CAT TBNi TBN2 F1,F2 DURATION

___I__ 1=1 =~ =1 __,3

Transmitters VOL 20 & 21 LOCA D 29 2

Master Trip Units VOL 20 & 22 MS D 83 2

SERVICES HPCI A 30 2 6 HRS

Reactor RCIC E 2
Vessel
Pressure RWCU A 30 2 6 HRS
High/RPS

HHS A 30 2 6 HRS

Power Supplies VOL 20 LOCA D 12 29 2.6,3

SERVICES Ms D 83 2 _

Reactor HPCI A 30 2 6HRS
Vessel
Pressure RCIC E 2

High/RPS RWCU A 30 2 6 HRS

HHS A 30 2 6 HRS

I

Category A requirement exists for these loops during HELB events (HPCI, RWCU and HHS). In
accordance with section 6A.3 of EQ Manual (Ref. 6.10.4), category A is Equipment that will I.

YakeNcerSrvcsPg 
o2
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experience harsh environmental conditions of this design basis accident and must function to
mitigate sUch accidents. ..".
Since these loops are required to remain operable for up to 6 hours following HELB events,
operability Is limited to not causing a spurious trip or falling In such a manner as to cause a loss
of RPS functions per technical basis note 30. Also, since the licensing design basis does not
require the concurrent or subsequent occurrence of any other design basis event with a HELB,
the evaluation will consist of ensuring that a HELB event will not cause a spurious trip. The
process Is assumed to be at it's normal value, since the HELB outside of containment will not
Increase Reactor Vessel Pressure.

For LOCA event, the category is listed as D. Category D refers to equipment that will experience
harsh environmental conditions of this design basis accident but the time period this equipment is
relied upon to function ( or not fall) is prior to the time when harsh conditions develop. Technical
basis notes 12 and 29 further Identify that RPS is only required within ten (10) minutes after
LOCA. The post - LOCA environment in the Reactor Building does not become harsh until four to
six hours after a large break LOCA. Once the reactor Is shutdown, failure of reactivity control
equipment is not detrimental to safety. Therefore, there Is no automatic Post-Accident function
associated with these loops. Additionally these loops do not support a Post Accident or Reg.
Guide 1.97 Indication (Ref. 6.5).

2. METHODS AND ASSUMPTIONS

This calculation has been prepared in accordance with the Vermont Yankee Instrument Uncertainty and Setpoint
Design Guide" [Ref. 6.11 and WE-103 Yankee Nuclear Services Engineering Instruction, mEngineering Calculations
and Analysis.0 [Ref. 6.21. This calculation Is performed using the Class 1 graded approach since the functions
performed by these loops are classified as Class 1, Nuclear Safety Related. Standard methods employed in this
calculation are explained in the Design Guide, special techniques and criteria are explained below.

2.1. Criteria

No Additional criteria

2.2. Assumptions

2.2.1. Calibration of Instruments is assumed to be at a temperature within the ranges shown In
the following table (Ref.6.1)

Table 4

Normal Area Temperatures

Ref. Plant Area Minimum Maximum
6.1 Section 3.6.7 Reactor Building -Occupied Areas Elevation 280', Vol. 62 F 106 'F

20,21,22

2.2.2. The temperature variation within a cabinet Is the same as the variation of the room In which it Is I
located. The temperature difference between the room and the cabinet is therefore constant
Calibration data are collected with the equipment at the operating temperature of the cabinet.

2.2.3. At Vermont Yankee, environmentally qualified Instrumentation have been evaluated for IR loss In
WC-700, Post-Accident Insulation Resistance Effects on the Accuracy of Selected

Yankee Nuclear ServIces Page8of22 I
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Environmentally Qualified Instrurnentationw[Ref. 6.29], and the effects found to be negligible. For
the purposes of this calculation, the IR effects on channel accuracy will be considered negligible.

2.2.4. Rosemount does not provide separate seismic and post-selsmic uncertainties for the Model 710
DU Trip Units. Therefore, the seismic uncertainty stated for Rosemount Trip Units is assumed to
be applicable both during and after the shaking. Accordingly, the seismic effect is Included In
post-selsmic uncertainties. Since only a single value Is provided by the Trip Unit test reports, this
value will be assumed to apply for any acceleration level.

2.2.5. For Custom Technical Specifications, the Technical Specification value is assumed based upon
the normal conditions.

2.2.6. Drift, setting tolerance, M&TE and other errors associated with the calibration process are
assumed to be random, normally distributed errors. Therefore, this calculation assumes that
errors are randomly distributed and that calibration tolerances are also random and normally
distributed.

2.2.7. OP 4312 has a head correction of 12 PSI applied to each transmitter. HoweverWC-1596
Selected Pressure Instrument Static Head Correctionn calculates a value of 12.11 psig for the A

and B transmitters and a value of 12.06 pslg for the C and D transmitters. Use of 12 psi for head
correction was evaluated and Is considered acceptable based on the following:

a. The difference between the established head correction value of 12 psi and the
head correction value for transmitters A & B produces the largest deviation at 0.11
psi. This deviation of 0.11 psi represents 0.0073% of calibrated span ( [(0.11 pslg/
1500 psig) * 100%])D, and is considered negligible.

b. Calibration to 12 psi vice 12.06 psi or 12.11 psi provides additional conservatism
when the transmitters are placed back Into system operation. When placed back
Into service the transmitters experience the pressure from the difference in head
correction, which causes actuation at a slightly lower pressure value.

2.2.8. The effects of radiation are taken for normal conditions only since there Is no consideration of
radiation effects during HELB and for LOCA, the RPS trip occurs prior to harsh environment. For
the normal conditions, it Is assumed recalibration zeros the radiation effects for each calibration
cycle. The radiation dose Is conservatively calculated for a period of 2 years to cover the time
Interval of once/operating cycle and the 25% grace period. However, radiation effect Is assumed
to be contained in the as-left to as-found difference and therefore included in the plant specific drift
analysis values. However, since a plant specific drift analysis has been performed for these
devices, radiation associated error will be assumed to be Included In the plant specific drift value.

2.2.9. To account for current calibration techniques, in accordance with section 3.6.2.A of Vermont
Yankee Instrument Uncertainty and Setpoint Design Guide" [Ref. 6.1]. calibration effect (CE) for
the transmitters Is determined by the relation CE=CT+A (CT = Calibration Tolerance IA =
Accuracy). The MTU's are single point devices used in a single direction application, and
repeatability is the primary contributor of the reference accuracy. Therefore, the plant specific drift
is evaluated in accordance with Ref. 6.42 to determine if CE=CT+A or CE=CT can be used.

2.2.10. It Is assumed that the M&TE components will be limited to those devices which support the QA
requirement that M&TE accuracy is greater than or equal to the accuracy of the device being
calibrated.

Yankee Nuclear Services Page9of22 I
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2.2.11. The analyzed drift value for the transmitters is assumed for 100% calibration point for 1152GP9
transmitters (Ref. 6.26). Following considerations apply In the assumption of this value.

a) The analyzed drift shows an Increasing trend from 0% to 100%. The ADR value at 100%
has been used. The current plant setpolnt Is set at 1038 psig (69.2% of Calibrated Span).
Although the trip setpoint Is closer to the 50% analyzed drift value the 100% analyzed drift
value, is larger and rather than extrapolate a value for the 70% point of Interest the values
at 100% have been used as a conservative drift value.

b) From review of this drift analysis and the scatter plots, the data Is bounded by a normal
distribution. The F-Significance at 100% is 0.641 identifying that there Is no strong time
dependency. Inspection of the X Y scatter plots at 100% of span shows most data falls
between 500 and 600 days, and that there Is a slight time dependency at this interval. To
ensure conservatism, since there is weak Indication of a drift to time relationship, the SRSS
method will be used to extrapolate the Analyzed Drift value to 684 days from the 530 day
average.

c) The average drift value for this group (100% calibration point) is 0.001%. Since this Is less
than 0.1%, this term Is negligible and hence no bias effects are considered (Ref. 6.25).

d) The ADR value for the operating cycle Is calculated using the following SRSS relationship:
ADRi.J,. = ADRiv 04,^ x (6841 530 )lfl = 0.796% x (6 84/5 30)1fl = 0.904%CS

2.2.12. The analyzed drift values for the Master Trip Units comes from WC-1615, All groups (except OP-
4362 Data), and are calculated using following considerations (Ref. 6.27).

a) From review of this drift analysis and the scatter plots, the data exhibits closeness to a
normal distribution, and Is random. The F-Significance Is 0.11 identifying that there Is no
strong time dependency. Inspection of the X Y scatter plots Identifies a spread of data
points between 0 and 90 days (4749 samples average 30 days, and 760 samples average
77 days), with no indication of time dependency. Beyond this time Interval there are
additional 38 data points with a longer time Interval (i.e. 180 days). Although the data at
this interval exhibits a slight time dependency , this is the result of a single data point
Therefore, since drift Is not time dependent for the monthly and quarterly Intervals the same
value will be used for both time Intervals.

b) The average drift value is 0.000%. This Indicates there is no bias present
c) The ADR value for the operating cycle is directly transferable due to the lack of time

dependence and the random nature of the drift distribution.:

ADRw4D~, - ADR3s%, = 0.104% = 0.104%CS

ADR1141,,y, ADR38K,,, x = 0.104%CS

2.2.13. Rosemount provides two methods for determining the effects associated with Increased
temperature and pressure around the transmitters. The Steam Pressure /Chemical spray
performance value (0.75% accuracy) is based on a specific enveloping environmental conditions.
For the Rosemount 1152 transmitter this profile is 70 psig, 316 degrees F for 1 hour, 55.4 psig,
303 degrees F for 7 hours and 6 psig and 230 degrees F for 42 hours. This environment would
result in condensation and Increased heat transfer to the transmitter. The time period would also

Yankee Nuclear Services Page lOof 22 ,
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allow the transmitter to be at the environmental temperature before the room environment
decreased. These tests were normally performed to provide calibration, which enveloped PWR in
containment conditions. The temperature profile for the limiting HELB (RWCU-21) (Ref. 6.10.4)
Indicates an Increase to the maximum temperature of 167°F in less than 120 seconds and a
decrease within the next 18 minutes to less than 130°F. Therefore, the normal temperature error
calculation method Is more appropriate for the environmental conditions experienced by the
instruments In this calculation.

3. INPUT DATA
Data used to calculate loop uncertainties, process corrections, setpolnts, and decision points are tabulated below
with the applicable reference or basis.

3.1. Process and Loop Data

Presented below are the Input values required to calculate the process measurement uncertainty and
those parameters such as calibration frequency which are common to all loop components.

Table 6:

ProcesslLoop Inputs

Reference Description Data

MPAC Design Pressure 1250 psig
Design Temperature 576 OF

6.39 Analytical/Process Umrit 1085 psig
__ eOar's PT:,4

6.4. Table 3.1.1 Technical Specification Umit 055 psig

6.10.6 & 6.30 Reference Elevatlon <floor, vessel, etc.> Rx Bldg 280 - Vol. 20 (55MB) & Vol. 21 (55C&D)
Attachment Process Tap Elevation 312 5" 312'6
1(g) and 1(h) Drywell Penetration Elevation 298' 298'

Rack Installation 284W3 284'4*
6.4 Table Calibration Interval 1822.6 Months
4.1.2,4.1.1, Functional Test Interval 30138 Days Monthly
and 6.36 __O9114 Days Quarterly

3.2. Environmental Conditions
The following Information provides the limiting environmental conditions expected for each loop Instrument
and the plant spaces traversed by the Instrument sense lines. The transmitters and trip units are located
outside the Drywell and the applicable accidents are HPCI, RWCU and HHS. The transmitters are located
In Volume 20 and 21 (Ret.6.10.1), the power supplies are located In volume 20 (Ref. 6.10.3) and the trip
units are located In vol. 20 and 22 (Ref. 6.10.2). Although the worst case HELB for the transmitters Is a
Main Steam HELB for volume 20, a Main Steam HELB results In a Reactor trip prior to the environment
where the transmitter and power supplies are located becomes harsh. Therefore, this accident Is not
applicable. The next most limiting HELD for the power supplies and the transmitters is a RWCU In volume
21 (Max Temp 167°F see Ref. 6.10.4, Table 7.5.1). The HELB which the master trip units are subjected
to is RWCU-22 (Max Temp 1960F see Ref. 6.10.4, Table 7.5.1).

Although subjected to a HELB environment, the high reactor pressure trip Is only assumed to function to
mitigate limiting pressure excursion transients. The environments in all of the compartment volumes are
mild for the limiting pressure excursion transient The HELB analysis requires that all RPS components
remain functional for six hours after the line break to allow for a controlled plant shutdown. The setpoint
for the high reactor pressure trip has no function In the detection or mitigation of a HELB. The uncertainty
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values during HELB are calculated to ensure that these channels will not cause a spurious trip during 6
hours of HELB event

Table 6:

Environmental Input Data

Reference Description Data
6.10.4 Vol 1 Section Normal Reactor Building Temperature 840F
7.4.1 & Table 7.5.3 Normal Reactor Building Pressure Ambient

Accident RB Temperature (rransmitters & Power Supplies) 1670F
Accident RB Temperature (MTU) _ 11___F

6. 10.4 Vol. 1 Table Al 40 year Normal Exposure Reactor Building 280' Eiev. 3.5 x 103 R
(Remainder)

6.10.4 Vol. 1 Appendix. Radiation Dose Specification Worksheets, for Cabinets 25-5B 3.5 x 103 R
B and 25-8B (Normal Operation) _ _ _

6.IOA Vol. 1 Appendix. Radiation Dose Specification Worksheet, Power Supplies 25- 3.5 x 10 R
B BA-AI & B1. 256-A-A2 & 82. (Normal Operation)

I

As a result of EQ manual revision 38 the limiting HELB for the Transmitters and the Power
Supplies changed. With this change the most limiting temperature that the associated volumes
are exposed to during the HELB changed from 1700F to 1670F. In addition to HELB changes the
Normal Radiation exposure experienced by all of the loop components changed. Previous 40
year Normal Exposure was 8.8 x 10I R, 2 year Normal Exposure was 4.4 x 103 R., and Total
Radiation dose to be evaluated (Normal) was determined to be 4.4 x 103 R. As captured above
the present EQ manual values for Normal Operating Dose Is less than those previously used.
These newer EQ parameters produce smaller overall uncertainty values and provide inherent
margin to existing setpoint values. Therefore, for ease of calculation the previous temperature of
1701F (Transmitters and Power supplies) and the calculated Total Radiation dose of 4.4 x 104R
will be used.

3.3. Primary Element Data

There Is no primary element associated with this function

3.4. Transmitter PT-2-3-65A, PT-2-3-65B, PT-24-55C, & PT-2-3-5SD Data I

Yankee Nuclear Services Page l~~~~~~~~~~~~of 22~
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TABLE 7

Transmitter Input Data

Reference Description Data
6.1 1 Maximum span (Upper Range Umit) 3000 psig
6.11 Minimum span (Lower Range Umit) 0 pslg
6.11 Maximum zero suppression 500 % of calibrated span (CS)
6.11 Maximum zero elevation 600 % of calibrated span (CS)
6.11 Accuracy Rating t 0.25 % of calibrated span (CS)
6.13 Rated Drift ± 0.20 % of upper range limit (URL) (30 month

specification)
6.11 Rated temperature effect ±1 {.5 % of upper range limit (URL) + 0.5 %

calibrated span (CS))11008 F Ambient
Temperature change

6.11 Rated static pressure span effect N/A
6.11 Rated static pressure zero effect N/A
6.11 Rated overpressure effect < ± 0.25% of upper range limit (URL)/2000 psig
6.11 Rated deadband (sensitivity) None
6.9 Existing calibrated input span 12 -1512 PSIG

Exi sting calibrated output span 4- 20 mA
6.11 Static pressure span correction N/A

Static pressure correction uncertainty N/A
6.1 Radiation effect 0% CS; R.1000 red

0.5% CS; 1000 rad <R1<1.0 Mrad
5.0% URL; 1.0 Mrad <R<17 Mrad

6.11 Steam/Pressure Temperature Performance * 0.75 % of upper range limit (URL) to 70
psig/31i6F

6.11 Seismic Performance ± 0.25 % accuracy during and after seismic
testing to 3g over a range of 6-100 Hz In 3 major
axes

Assumption Analyzed drift ± 0.904% of calibratd span (CS)
2.2.11 094 fclbae pn(S

Trip Units PT-2-3-55A(M), PT-2-3-65B(M), PT-2-3-55C(M), PT-2-3-55D(M), Data

TABLE 8
Trip Unit Input Data

Reference Description Data
6.20 Input Span (CS) 4-20 mA
6.9 Existing nominal setpolnt 15.07 +v- 0.03 mA 1038psig.
620 Accuracy rating i 0.13% CS1

Temperature effect (Normal)* 0.20% CS1o1 OF2
Temperature effect (Accident) 0.40% CS3

Seismic effect * 0.13% CS
Radiation effect * 0.60% CS

I

3.5. I

I This Indudes some amount of stability since this value Is provided for 6 months. However, for the purpose of this calculation, this
value Is conservatively taken as an accuracy value.

2 The Trip output repeatability Is defined as 4 0.13 % (60 to 90 OF 4 0.20% 1100 F) this Is Interpreted to mean that the temperature
effect should be applied for variations below 60 or above 90 F. ( Ref. 6.20).

3 The temperature effect provided for the trip units Is given In Rosemount report for the Temperature event (Max temp 210OF) the units
were subjected to during testing. (Ref. 6.20).
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TABLE 8
Trip Unit Input Data

Reference Description Data
6.20 Reset Specifications Reset differential adjustable from

0.5% to 7.6% of span or from 0.5%
to 15% of span for the 15% reset
differential option

Assumption 2.2.12 Analyzed drift (DA) used - Monthly * 0.104 % CS
Analyzed drift (DA) used - Quarterly *0.104 % CS

3.6. Power Supplies ES-25-6A-AI, ES-256-A-Bi, ES-25-6A-A2, ES-25-CA-B2, Data

TABLE 9

Power Supply Input Data

I

3.7. Calibration M&TE Input data

TABLE 10

Calibration and M&TE Input Data

Ref. Description Location Range Required Total
Accuracy Device

Error (TOE)

6.23 Heise E01B Pressure Gauge .Rx Bldg 0 to 2000 psig 3.29 psig 3.0503 psig

6.23 Heise Model CM, CMM Rx Bldg 0 to 2000 psig 3.29 psig 3.2440 psig

6.23 HP 34401A Digital Muttimeter Rx Bldg 100 mA 0.02 mA 0.0191 mA

6.23 Rosemount Readout Assembly Rx Bldg 28 mA 0.0141 mA 0.0141 mA

I

4. CALCULATION DETAIL
The detailed calculation of loop uncertainties, setpolnts, testing tolerances, and margins have been done using
MathCad and are documented as Attachment B. Mathcad values are displayed to at 2, 3, and 4 decimal places
to support hand verification, while actual Mathcad values are maintained to a precision of 15 decimal places.

5. RESULTS AND CONCLUSIONS

5.1. Total Loop Uncertainty

Total Loop Uncertainty (TLU) has been evaluated for each output device and the results are presented In
the table below.

4The test report shows the worst case error of 1.3 Vdc (Pre- Test value 28.9 Vdc - Post Test value 27.6 Vdc) for a 28 Vdc
Technipower Power supply. This amounts to an error of 1.3x1 00128 or 4.64287 % of supply voltage.
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TABLE 11

Total Loop Uncertainty Results

Output Instrument Interval Nornial/LOCA HELB Seismic

% CS psIla % CS |Psl~g % CS psig
PT-2-3-55A(M), 55B(M). Monthly 11.12 1 16.73 V 1.74 - 26.05 w 1.22 e 18.33 I
55CM, 55D(M)I
PT-2-3-s5A(M), 65B(M), Quarterly 1.12 16.731 1.74 ' 26.05V- 1.22 18.33 V
55C(M. 65D(M) _

5.2. Setpoint Evaluation

Results are presented below for the LUmiting Setpoint (LSp), Allowable Value (AV), and Technical
SpecIfications Limit. Also calculated Is the Acceptance Value (ACV) by algebraically adding the as-found
tolerances for the loop devices to the existing setpoints. The calculation of this value and the margin from
Ailowable Value (AV) ensures that the Allowable Value (AV) will not be exceeded during surveillance. All
the available margins are shown below. Comparison of the calculated AV to the present Technical
Specification value of 1055 psig shows that the setpoint will support the Technical Specifications for
Improved Technical Specifications (ITS), and for Current Technical Specifications (CTS).

TABLE 12
Setpoint Results

I

I

I
Description Results (psIg)

CTS } ITS

Analytical Umit (AL) 108S 1085

Allowable Value (AV) NtA 1082 '

Technical Specifications ULmit (TS) 1055

Acceptance Value (ACV) NtA 1058 Z

Uimiting Setpoint (LSp) 1066 < 1066

Setpoint (SP) 1038

Margin iLSP to SP (MI) - Monthly 28 . N/A

Margin LSP to SP (MI) - Quarterly 28 ' 28 Z

Margin TS to SP (i2) Negligible v Negligible V

Margin AV to ACV (M3) NJA 26 1

Spurious Trip Margin - HELB (M4) NIA 11 _

i

I

I

I

I

I

I

I

IOv'9&f

The actual Technical Specification limit Is 1055 psig, however the actual setting value In OP-4312 Is
1054.69 (equivalent to 15.25 mA). For ITS the Technical Specification limit would be revised to the AV
or limit of operability.

These results are presented graphically In Figure 1 and 2.

Yankee Nuclear Services Page 15 ot22
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5.3. Graphic Representation of the Custom and Improved Technical Specification Setpolnts.

Fiaure I - Custom Technical SrecIfications
Values shown reflect both Monthly &
Quarterly Surveillance requirements.

A6

JAL- 1085 pslgj
_ .

TLU (SE) -19 psigI

ILSP- 1066 psig|
-4. 1.

A

Margin(MI)-2 S wesI

IS -loss psig I

rTLU (Normal) - 17 psig | V

F
-9 - S3P 103$8psIg | ~

Reactor Vessel Pressure Increasing
INOT TO SCALE I

d06/9p9
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5.4. Calibration and Test Results
In order to support and Implement the results of this calculation, the loop Instruments are to be calibrated
according to the following table:

TABLE 13

Calibration Setpolnts and Ranges

Description Value Units

Transmitter Input range 12-1512 - PSIG

Transmitter output range for calibration 4- 20 v' mA

Trip unit setpoint 1038 psig 15.07 ±0.03 w A I

Trip unit reset 0.08 to 1.2 mA

I

_ I
V-s, 3iY.10-

Test as-found tolerances (FT) and as-left tolerances (CT) are shown below.

TABLE 14

Calibration Tolerances$

I

5.5. Summary of Recommendations

The calculated limiting setpolnt for Custom Technical Specifications and Improved Technical
Specifications is 1066 psig. The current Plant setpoint is 1038 psyg. For both the Custom Technical
Specification and Improved Technical Specification programs, use of the existing setpoint provides
adequate margin from the analytical limit of 1085 psIg.

Since the setpoint value did not change from the value established in revision 4 of this calculation, the
setpolnt values found In the calibration procedure (OP-4312, Rev 21) and In the Alarm Response Sheets
(6-K-3, Rev 5 (Ref. 6.40)) do not need to be revised. Although the As-Left calibration tolerances did not

IThe as-found tolerances have been rounded off to two decimal places for ease of calibration. See attachment B for additional
hioimaton.
Yankee Nuclear Services Page 18 of 22 I
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change the As-Found calibration tolerances did. Therefore, the calibration tolerances established In the
procedure OP4312, Rev 21 require revision.

5.5.1. Revise FSAR Table 7.2.1 for ITS setpoint and accuracy (see Attachment 0). Change associated
with accuracy has already been captured as part of commitment VYC-0467R4 05 and requires no
further action. In revision 4 of this calculation it was identified that VYC-332 Rev.2 needed to be
revised to correct the Head Correction and Scaling values Although this action has not been
completed to date, this action has been captured as part of the commitment VYC-0467R4.
Therefore, no further action is required.

5.6. VY DEP - 15, Review and Approval of Design Engineering Procedures.

5.6.1 VY DEP-15 Impact considerations are addressed in Section 1.1.

5.6.2 A review of the Vermont Yankee Event Report Database was conducted to identify any Event
Reports written against Reactor Vessel Pressure and Reactor Protective System, that could
impact this calculation. During this review no ER's were identified that could Impact this
calculation.

5.6.3 In addition to reviewing the ER Data Base, WE-100 Table I 'Design Input Considerations was
reviewed and evaluated against impact on this calculation.
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Calculation WC-467 Rev. tAttachment B ""'CaWation Detall

Service: Reactor System High Pressure Trip Loop Accuracy Review

Equipment I. D.: PT-2-3-65A, PT-2-3-55B, PT-2-3-55C, PT-2-3-55D, ES-25-5A.AI, ES-25-5A-B1, ES-256A-A2, ES-26-6A-B2, PT-2-3-55A(M), PT-2-3-5B(M),
PT-2-3-55C(M), PT-2-3-55D(M),

1. Instrument CalWbration Conditions

LRLM&:=O~psi Transmitter Upper and Lower Range
URLxmtr:-Moo pdrLimis

CS xmf :=12.iW t "ts of Calibration Reference
C~s x ,:=15t2rmlx Procedure OP-4312

CS ,,l :=( xcs U Cs xmSrMin)

Cs Mh h =4 00M 0"/ CS xtr. 1500'p Transniter Calibrated Span

CS gSkVM~e:- 0t~A
CS nt:(sMMX-C Jnj
cs mtuy :=cs smtax-.Csu ~CS ,t - 16.00snA Master Trp Unit Calibrated Span

crT ,wtr n.04-MA (cS xmrOkwOmtu0 CrarX * 3.750ps Caliation Tolerance Transmitter

CT g gO.034Th.-(M) CT u=2 ai2 Calibration Tolerance MT

hCj 1:22.12.119.I

hC 2:2"-060e~s
hC :=12.000a

VYC-1 596 Head Corection for
PT-2-3-55A&B Is equal to 12.11 and
the Head Correction for PT-2-3-55C, D
Is equal to 12.08. While OP-4312
uses a head corrdon value of 12.0.
Therefore, the OP-4312 value will be
used

/516 r-
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Calculaton WCV467 Rev. 5 Afahnt B --I' Calculation Detad

1. Instrument Calibration Conditions (Contd.)

Surveillance time intervals are found as follows where tc,1 = months x days x hrs

XMtr:-r54 24br

tc mtuSm:=1.25 43 02 44r

c mucTs Q:=12S 90. 244V

II
tc Xir- 10200'h

tef I- a 270OM

" Maximum Time between calibrations,
where the calibration Interval is 1.25%
of 18 months for a cycle.

Maximum Time between calibrations,
for CTS where the calibration Interval Is
monthly.

Maximum lime between calibrations,
for CTS where the calibration interval Is
quarterly.

Maximum Tune between calibrations,
for ITS where the calibration Interval is
quartedy.

tr a Maximm Tlime after accident
when actuation is required

to mtujrs :-'1.25.OO244V tc ifa,,ns - 2700'hr

2.0 Process Measurement Effects

3.0 Module Errors

3.1 Primary Element

3.2 Transmitters PT-2-3-56A, PT-2-3455B, PT-2--66C, PT-2,36D

3.2.1 Uncertainty Elements

There are no process measurement
pw^:=o effects associated with this function

There Is no primary element associated
with the measurement of this variable.

V,/ VOtl/
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Calculation WC-467 Rev. 5 Aftachment B -'�alculatlon Detail

3.2.1.1 Reference Accuracy (A)

A = (AX2 + h2 + 12 + r2)112

Where:
A = Reference accuracy of instrument
AX = vendors stated basic accuracy expression
h = hysteresis
I = lneariy
r = repeatability

AXXWnr:=OM25%.CS unit v I)=&o.tCs Wit
025% accuracy speification

Includes the combined effects of
linearity, hysteresis and repeatability.
The deadband Is zero.

CS mra ISOpsl URI. ntr 3000psle

A &:=4AX.,&?+h,.&2+1 ,gr?+r
A Xr a 3,75OW I Transmitter Accuracy

3.2.1.2 Calibration Effect (CE)

CT > A CE = CT
CT = MTI + MTo
Where:
6Mu - The tolerance of the test input adjustment In percent of span
Mro = The tolerance on loop device's output adjustment in percent of span
A = Instrument Reference (vendor) accuracy

OP 4312 Indicates a nine point
calibration forthe transmitter which
would vezify hysteresis, linearity or
repeatability. However the transmitrs
have not been calibrated to this recent
procedure change requiring anine point
calibration. Therefore, CE=CT+A.

CT mit 5 3.759psi v

CE ~jr:=CT,~.r-A Mit

A =rW 3.75ps

CE xmr 7.500'psl

3±1.3 Dead Band (DB) or Readability (RD)

DsxO1 :=oj The deadband specified by
Rosemount for 1152 Transmitters.

3±.1A MEASUREMENT & TEST EQUIPMENT

MTE z (m1
2 +m2 )nl

Where:
A - Accuracy of the Transmitter
CS = Calibrated span of the Transmitter.
M1, m2 = uncertainty of Input and output test Instruments
MTE -M&TE uncertainty In percent of calibrated span of the
instrument being tesled.

/Jr tl#-;
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Calculation WC487 Rev. 5 Attachet B v-'Calculatlon Detail

3.2.1A MEASUREMENT & TEST EQUIPMENT (Contd.)

mm TD6:=Q019i Vol CSM.1b~ t CS xmtua I W.,
A =,r - 3-750Vpd

MDxmtrT=E). -S xt

m120ru .2951V

In tis section, the required accuracy of
preo measurement Is calculted
based on the accutacy of the current
measurement

Assumes the use of a HP 34401A OMM

Desired accuracy of pressure
meassement- psig. Use of a HEISE
Model CM, CMM, or HEiSE 9018
meets this Total Device Error.

MMT x~n*i, mX00 (
MTExn=rua3.750Va1 Using the established M&TE results in

a MTE value equal to the accuracy of
the Transmitter.

3±-1.5 Analyzed Drift (DA)

CS Xb -160bV e

DA xMV a 13.660sI

95/95 Analyzed Drift for 18 months.
Includes DR, TE, MTE, PB, VE, HE,
RE,(VYC-l614) Assumption 2.2.11

I

3.2.1.6 Temperature Effect (TE)

TEi = TEX ^ (r. -T-m;
TEa e TEX*(rT.- Tmj
Where:
TE, = temperature effect during Normal conditions
TE&, = temperature effect during accident conditions (HELB)
TE2 - temperature effect during limiting transient Conddions=TE,
T =u - Maximum temperature during normal conditions . 106oF
T,, - Maximum temperature during accident conditions -1 70lo
T,,m, - Minimum temperature during calibration condiionsr62F
ATcpTemperature difference between calibrations - 200F
TEX - Vendors temperature effects expression per oF.

The temperature effect during HELB Is
calculated to determine the margin
fIom the setpoint of any spurious trip
which might occur durig6 lhrs after
the accident This Is only applicable to
loops which cause RPS trip.

o/ ' q
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Calculation VYC-47 Rev. 5 Attachmnent B "Calclton Detail

3.Z1.6 Temperature Effect (ContW.)

ATca :-=20 *

TgarM:=170 "

Trmi: =62 "

CS xwla 1600opsI /

T M:-10o e

LRLEA!. .- 3000'9 p
I

.5.%RL Ug) + nC M a) x
TE g~~f.X* *- 1Wf {(- .n*) -AT cw] TE b&- 5.400fpu

Temperature effect driwng normal
conffitons

TE (.-%JURLxatr) 1 (0.5.CCS x)j-T-AT )
TE aimr * (r1' TE ga'x* a 19.800SVs

Temperture effect duing HELB. The
standard temperature effect equation
was selected Instead of the steam
pressure chemical performance
equation since the SPC appiies to 70

psi3316degre cnderngiconditions,
temperature is 167eF(RWCW Vol 21).
170BF used dunng calculbtion.

3.2.1.7 Barometric Pressure Effect (PB) Barometric pressure effect is either the
effect on the vented side of gage
pressure transmitters, or Is associated
with the error associated with
calibration of an absolute pressure
transmitter using a gauge pressure
transmitter.

Pe :=ow Changes in Barometric pressure are
assumed to be insicnificant based on
the Technical Specification limit of
1055 psig and a trip setpoint of 1038
psig. I

3±1.8 Humidity Effect (HE)

HE - HEX - (Hma . Hmi)
Where:
H = Maximum humidity difference from calibration for the
~omitions of concern

H,,&= Minimum humidity during calibration or testing conditions
HEX = Vendors humidity effects expression In % CS per %
relative humidity.

No humidity effect Is specified for
Rosemount 1152 transmitter or the
Master Trip Unit A materials review did
not indicate the existence of organic
components. Therefore, humidity
e effects are not applicable.

HE 1n:M

/ Y'
-g#IJW9 ,
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Calclaton VYC-47 Rev. 5 Attcment B "Calculakn Detall

32.1.9 Radiation Effect (RE)

1DQ4m = Total integrated dose 40 year Normal 0 8.8 x 104 (VYC-1 93 Rev.2)
TD12. = Tota1 integrated dose: 2 years Nomial Exposure= 4.4x103

Rn * Total Normal Radiation dose to be evaluated - TIDa,

MlD 4on :2U-1 d4,

TID 2n -T10400

The Radiation doses used are fm
WC-193 Rev 2, which are larger than
the new values captured in the EQ
manual as a result of subsequent
revisions to VYC-1 93.

The two year dosage i calculated since
each refueling cycle has an Inteeval of
18 months . 25%i which equals 22.5
mnonths. Ths is rounded off to 24
months for conservatism.

Rn:=TID2n URLxmir 3000 V

RE rw,:= 0 if Rn<1000

0.5.%.CSM& IU 1000(cR n<1.10 6

5..%.URL,* If 1-106<Rnc17106

t serere Ra 16 oS.W Vol

therefore RE nxmr &:=05 %s CS ""

TID 2 400 Onl the4no4nal radiaton is
applicable sihoa the accident
applicable Is HELB and the limiting
Prsure transients do not produce a

hrhenvironment. Radfiation siror
is assumed to be included In the
plant specific drift value and is only
calculated to verify that the drift
values calculated are reasonable for
this loop.

I

RE .r* 7Z00Vd

3 2.1.10 Seismic Effect (SE)

SE a 0.25% accracy during and after selsmic testing to 3g over a range of 5-100 Hz
in 3 major axes. Since there is no information provided for the testing up to 0.07g
(OBE) and 0.14g (SSE), the full effect Is assumed. Moreover, since Rosemount does
not specify the % tenm, URL Is selected for conservatism.

UARLYxJ .30000p e

SE,,r :=025I5-%4WLJu
I

SEXmtr'a 7J.50Dpsi

3.21.11 PROCESS PRESSURE EFFECTS

- Ovet Pressure Effect (SPo)

', These instrument channels measure the
Sp a :o process pressure. Therefore, there are

no process pressure effects.

V$4? ,

JIVIA01
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Calculation WC-487 Rev. 5 Attchent B -1" Calculaton Detail

3. 2.1.12 Power Supply Voltage Effect (VE)

The voltage stability effect of the transmitters is 0.005% of span per volt (Ref6.12), and they
are suppled by regulated power supplies. In accordance with theWVY Design Guide the error
induced by the power supply is negligible

3.2.2 TransmItter Uncertainty

3.221 Normallsting

CExn* 7.500' l

D8 xmtru O "P

DA ,X&.a13.560 V

TE nxf 6.400" .4

Uncertainty during the limiting pressure
transient conditions is same as normaL

Bias term en, a 0

e fW:z=4C +x~~DB m,*2+OA M*tt2 |TE lZ2~
a weg.j 16.410VW 6I

et0RxNl :xm Jcaijroa , :

Module Uncertainty during Normal
Operations.

Module Uncertainty during Test
Conditions.

I

I
atubm*r 15406'ps

3.2.22 Accident I - HEL8 (RWCU-21)

CE z. 7.ZOO4Wp l

DBxfrsOVW

DA Xr u- 13.560sVl -

TE alxzn-19.800pl
I

e a1R1x*:=4CJ FtMiDB3 xt+1A nTE T1xmzr2 ' a1Rlxw * 25.143w Module Uncertainty during a HELB. I

3±2.3 Accident 2 - Seismic Event

CE Zr& * 7.500"pul e DA x * a 13.580W I/

DO xmtr a OEpsd E x m a 5 f

8Ex~trw-F400ps *

I

e a2 : =4CE m+D +DA +SEA TE 2+a
,,a

* a2R 18).43pa Module Uncertainty during a Seisnic
EventP I
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Calculation WC-467 Rev. 5 Attachmet B ""Calculation Detil

3.3.0 MASTER TRIP UNITS PT.24-53A(M), 56B(M), 66C(M), 55D(M)

3.3.1. Uncertainty Elements

3.3.1.1 Reference Accuracy (A)

Au (AX2 + h2 +12 + r2)1 2

Wihere
A - Reference accuracy of Instrument
AX vendoes stated basic accuracy expression
h hysteresis
I =linearity
r = repeatability

AX mi, :=O*cS CSu

h nhgu:=0-%CS MWz

CS x~mtlsop1S VI

CS ml . 16wl /

I
rd:=.l3 %2CSmt r

A m t:=4AXmt, +h nmh~l flF bJ rnX2 *(xmta)
Btm G (RD

3.3.1.2 Dead Band (01S) or Readability (RD)

1 -
A MW- .g5O'ps Master Trip Unit Accuracy

Ds ,b, :=0 The deadband specified by
Rosemount for 7iODU Trip Unts.

I

3.3.1.3 MEASUREMENT & TEST EQUIPMENT

MTE = (m1 2 + m2212

Where:
A - Accuacy of the Master Trip Unit
CS w Calibrated span.
m1, m2 a uncertainty of input and output test instruments
MTE - M&TE uncertainty In percent of calibrated span of the

instrument being tested.

I

CS mt* W 1e a CSXmtr. 1100ve

ml **. :=m R y TDE(M

Ml Reado1uy TDE =0.0141 4LA

eAM WAV' # 4 /

The combination of the input and output
e M&TE must meet the accuracy of the

A tul 1.96o'ap MTU.

The Total Device eror associated with
the Rosemount Readout Assembly is

9/ the maximum TE allowed forthe Input
ml w - I322bs'V M&TE to supporthe MTW -.- zxaci.
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Calculation WC-467 Rev. 5 Attachment B -Calculaflon Detail

3.3.1.3 MEASUREMENT & TEST EQUIPMENT

The output for the Rosemount Readout I
Assembly is captured by the Input TDE. I

UM MjU:=.T(M1 MW� + �(W2 Mhe MTE ntu * 1.322"s Total M&TE uncertainty for the MTU Is
less than accuracy of the MTU and Is
a.ea"

3.3.14 Analyzed Drift (DA)

3.3.1A.1 Monthly

CS MtU -16mA CS w- 15oopaI I
DAMtU :M104,%CS. (

.e 95 Analyzed Drift for I month.
DMAI I.1WWVW Includes DR. TE, MTE. PB, VE. HE,

_ l 5W RE, (VYC-1615). Assumption 2.>.12 I

3.3.1A.2 Quarterly

CS ,,e, -169A
I

CS~tl 1soovel

DAQ ,,,:=O.1o4-%CS MW-C )

95/95 Analyzed Drift for 3 months.
.v Includes DR TE MTE. PB, VE,

D=Q ,rb, - I.50'p56 HE. REF,(VYC.1d5). Assumption
2.2.12 I

3.3.1.5 Calibration Effect (CH)

As captured in WI 92/97 Rev.
If Plant specific Drift < (RA2 + DA2 + CT2 + M&TE2)12; CECT
If Plant specific Drift (RA2 + DAM + CT2 + M&TE2)12;
CE=CT+A.
Whee;
Plant Specific Drift = DAQmtu or DAMmtu
RA - Reference Accuracy
CT = Calibration Tolerance
M&TE = Measurement and Test Equipment Er
DA = Vendor Stated Drift Ternm

I

DAQ MjtLaIMlO'PSI %0'
DAM Mu s1 .56VpW 5

MTE m- - 1.d22

The CT term Is largerthan the Plant
Specific Drift tem.When RSS
combined with all of the other terms
used for the test the product Is
considerably lauger than the Plant
Specific Drift. As a result CE=CT will
be used.

crT W a 2.8120pal

CE MW:=CT nW

A mtU w 15sViW

CE ,, . 2.8'psI Master Trip Unit calibration Effect

1$ ' OOw
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Calculation VYC-67 Rev. 5 Attcment B .,Cakcuiatton Detail

3.3.1.6 Temperature Effect (TE)

TE, a TEX * (T.,,,, - Tr.t
TEa = TEX*(Tr,,- T,.,
Where:
TEn = temperature effect during Normal conditions
TE, = temperature effect during accident conditions (HELD)
TE,2 = temperature effect during accident conditions (LOCA)=TE,
T|,,,, a Maximurn temperature during normal conditions -106oF
T, ,Sx = Maxkmum temperature during accident conditions 41980F
T,,f, = Minimum temperature during calibration conditions-620F
AT, = Temperature band assumed in Reference Accuracy 60-90 OF
TEX a Vendors temperature effects expression per oF.

TEX = 0.2 of Calibrated Span per 100 OF change
TEX = OA% of Calibrated Span

Rosemount report D8200037 documents
harsh environnental testing for the
Rosemount 710DU trip units. The
temperature profile for the testwas 210
degrees for six hours and then reduced
to 165 degrees for 8 hours. This profile
envelopes the worst case profile for the
LOCA and HELB events.

I
CS mp u 16*nA r CS ,. 1500'pSi

02 % CS mtr()MO

TE nMW = -1WU k-Umbt)jI 016 -90)

Eamlu :a%=0A-%CS mbu )

The repeatability value for six months
Includes stabiliy and the Tempgertr

,- efFect between 80 and 90 Degrees.
TE U 04 The temperature above 90 for noral

nndu d 0 4 conditions only is calculated.

TE = i .kl o'a- Temperature effect durng HELB -Max Temp 198 oF. Rosemount
specifies temperatur effect of 0.4%
during the temnperature event In
Rosemount report D8200037.

33.1.7 Humidity Effect (HE)

HE u HEX I (Hm, - H-,*
Where:
Hm= Maxinum humidity difference from calibration for the conditions of
concern
Hme Minimum humidity during calibration or testing conditions
HEX- Vendors humidity effects expression In % CS per % relative
hurnidity.

HE mt:=o No humidity effects are specified for
Rosemount 710:U Trip Unit.

V0.1YA,$

Page 10 of 23



CaicuWatn WC487 Rev. 5 Attachment B

3.3.1.8 Radiation Effect (RE)

cs tu 1a e CS X ¶0 1'

RE =W:MO-%Xo. S t

ZCalculation Detail

There is no radiation effect specified for
the noffnal condition. Assumed to be
negilgible. The liniting transient for

gh 'pressure does not cause a harsh
envirorunent Normal Radiation effects
ara also assumed to be induded In the
plant specific drilt evaluations.

WI'
RE nmt =

3.3.1.9 Seismic Effect (SE)

SEmt :=O.p

3. 3.2 Module Uncertainty

3.32±1 NormalTesting

3.3.2.1.1 Monthly - Nornal/Testing

CE uW a 2.812'psl TE t a 0.480VsI

DAM *tu1.58'60Psl

SE mWu -OWS The seismic analysis indicates no
additional ewwor due to seisnc
acceleration.

DB MW Op s
Uncertainty during the limiting
Transient event conditions is
same as normal

I

e MRfW:=4ICE E 2+cDB tU2+DAMfl 2+j2-

a ^C wta2 )MRM2§.AI:

0 Module Uncertainty during Nonnal
e nlbIRmW - 3.2529Wal Operations.

° tjpMW * 3.216W Module Uncertainty during Test
Conditions.

I

I

/*j/JDe,6 /
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Calculation VYC487 Rev. S Attachment B ,/ Calculation Detadl

3.3±1.2 Quarterly - NonnalUTesting

MAhu.2812J6psI / TE mta.4801

DAQ mtu a1-69 .0

IDS tiatu Opd

e n ::4CE tu t2 D tu2-DAQ ajh~tTE nmIU 2

e tQft u = 2+B mt:u2 +DAQ d2

e noffu 3262"psl Module Uncertainty during Normal
Operations.

o tQftlu = 3.21e6si Module Uncertainty during Test
Conditions.

I

I

3.32.2 Accident I - HELB (RWCU-22)

3.3.221 Monthly - HELB

CE 2th a 212i DS/ t- O .0

DAMU 1- I .560" VII

TE aSndu - 6.000psi w
The bias term ens = 0, since there
are no bias effects present for this
loop. I

eslMRlmu :=,CE.I mtu2+DB W 2 2DAM.t+TE 'lin2

3.32.2 Quarterly - HELB

CE mtj 5 2.12-ps -I DB rW ' °a

DAO "dua 1.66DVW

9 SI MR~nAu -e 808WpI Module Uncertainty during a HELB. I

TE almlu - 6=OVW

I

0 a1QR~mal:=4CE 2FDBn mbj2 DAQ RWi+TE aimW2 e alQRRmtu - e-=Vs1 Module Uncertainty during a HELB. I

$ ie-'
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Calculation VYC487 Rev. 5 Aftachment B ./Calculaton Detail

3.323 Accident 2 - Seismic Event

3.323.1 Monthly-Seismic

CE mtu = 2.812'psl DB mtr - Opsl TE nitb

SE mtjO'Psi DAM mtu a 1 MOWI

9 2R t:=4>CE 2l? DB ff,2 DAM 2ets S Mt2 TE w&

3.3.2.3.2 Quarterly-Seismic

CE Mth - 2.812"psi DB nh. - OVu TE mq

SEmjguOVpl a AQ DM'au 1-560psI

e a2QR~rntU:=4CE mizDB .h2 + DAQ mus2 +SE m2, T nmtu2

4.0 Total Loop Uncertainty

4.1 Normal

4.1.1 Monthly Test Interval -Testing

e Utpjant = 15w498ps / e Um - 3216 ps1

TWU ledi_Monthly:=40 ftfntr~bO I-eRX~tU

4.1.2 Quarterly Test Interval - Testing

o Rtr- 15498W ) e Rmtu w 3.21 sl

TLU Weft-QudOeI-le nt2+@ QRm1u2

I
j .48O.4 al %-

e a2MRlmtu - 3952Vs1 Module Unceitainty during a Seismic
Event

* 0.4809)

o 82QaRmtu - 3252Va Module Uncertainty during a Seismic
EvenL

TL U -ihL~osxU* 15 839 Testini Uncertainty for MonthlyTLU teS&VLj~t* a 15.lanes= I

TLU aQuudsiy' 15.83pa Testing Uncertainty for Quarterly
Surveillances

Vbori, I k,
I
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Calculation WC-467 Rev. 5 Attachment B Z Calcultaion Detail

4.1.3 Monthly Interval - Normal

e nR=*t 6.410psi " e nMRmtu ' 3252pS I

rLU fwomWMOfth1Y =4e n...M F° nMsmt* TLU =nwmonwy - 18.73Vri Normal Uncertainty for Monthly
Surveillances I

4.1.A Quarterly Interval - Normal

a nRxmta 16A.4 10' Ps e QnGRmi= 3.252Zpsi
I

TLU nlat=40 nftmt2s n~tr TLU amwal Quarjwzya 16.73VW Normal Uncertainty for Quarterly
Surveillances I

4.2 Accident 1- .ELB3

4±21 Monthly Test Interval - HELB

ealRlxMr 25.1431 ' Ga1MRIMtu"O.
8

Ofta -

ITLU HEILBMonft * 26.056Sl Accident Uncertainty for Monthly
SurveillanCes

42.1 Quarterly Test Interval - HELB

e jR1zmtr 2 5.143Pd " *a1Qmwfu~6ma "

TW HELBCluuterly40 a11i 1QRI TLu H8A Qu 28.05 Ppsi Accident Uncertainty for Quarterly
Surveillances

I

4.3 Accident 2 - Selsmic Event

4.3.1 Monthly Test Interval - Seismic

e aR1kr w 18.0430p ' *a2MRlmtu - 3252pi *

TLU Sesmlic mmnty:4~~~Rmu

,wj V 7U SeW&L.Man" = 18.339psI Accident Uncertainty for Monthk'y
Surveillancas
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Calculation WC-467 Rev. 5 Attachmnent B woo Calculation Detail

4.3.1 Quarterly Test Interval - Seismic

e &2Rlsmr - 18.0439hl a e 920R1nstu a 3262

TLU Sdunk auQuS'J f1y

I

fe
TW sq sapaOuaiuey - 18.33Vd Accident Uncertainty for Quarterly

Surveillances I
4.4 Summary of Results:

4.1 As Left and As Found Tolerances

The calculated as found tolerance is converted to mA as follows:

Transmitter

e bta a i5.49ph -

AFT wu&sg p P4=gpJ CS W 150OO6i AFr * a 15.4s606

AFrxmtrmA 0.165'hAiA

Calculated As found tolerance - psig

Calculated As found tolerance - mAAFTx mA:t e r~: I&Mn

ALTx,8_;:.O0441A '

ALT=* CS xm
ALT :=r psig-ALTntrmAt;p

MTU - Monthly

e tMRmW a 3.21Ppsl w

AFT MMuW.psl=e URl.t

ALT Xn~tr'jg * 3.750p8 Assigned As Left tolerance - psig

1,
AFr -jr4 * 3.216pul Calculated As found tolerance - psig

AFT m"Lrm - ow~ Calculated As found tolerance - nAAFT MmLtA.tmA U 164nA

ALTm mts =o-341iA I

ALT &m&s C=ALT S xhir

I

ALT M p a 2.812Wu Assigned As left tolerance - psig

,/i 7 I

o/IAP14
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Calculation VYC-467 Rev. 5 Attachmient B ,/ Calculaton Detail

4.4.1 As Left and As Found Tolerances (Contd)

MTU - Quarterly

a wmw a 3218V sl

AFT QamIIpJg59 :. j CS X ' 16OVpsle

I

AFr ,w Og . 3216p1 Calculated As found tolerance - psig

AFTQmtu..M A: =ltR 16aA` Omm-&

I

AFT omu ,,, 0,0 Calculated As found tolerance - mA
ALTQMIUMA:=.034MA V

ALT m,,up$9 CALSQ Go

Component

Transmitter

Master Trip Unit - Monthly

Master Trip Unit - Quarterly

Component

Transmitter

Master Trip Unit. Monthly

Master Trip Unit - Quarterly

"-

ALT Q.tU-psu a 2812Wi Assigned As left tolerance - psig

As Found Tolerances to be used - psig

Calculated Rounded to support Calibration

AFr XmWl psg a 1 &496W "p

AFT mmtuJpagS.3216W i /

AFT CI=W_4 * 3218"

AFT.,,& p :=15VW '

AFT Mmupoig :-3psi w

AFT Qmh._p..gpg :=-3jsw

As Found Tolerances to be used - mA

Calculated Rounded to support Calibration

AFT m*r j- 0.165NM v" AFT mn :,0.1Bi A

AFT mmtjhmA - 0034mA e AFT IA ft :0.03iMA

AFT Omtujj m =0.034nA " AFrQmtu mA =oo34 sm

.als Yo

lpeol

As captured in Assumption 2.2.12
the Master Trip Units do not show
time dependency. Therefore, the
resulting As-Found Tolerance is
only slightly larger than the As-Left
Calibration Tolerance (0.03 mA).

Since the impact of drift on the
Master Trip Units is negligible, the
As - Found tolerance (FT) used
during calibration will be set to the
same value as the As - Left
tolerance (CT).
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4.4.2 Total Loop Uncertainty

CS xmkalS 1500ps '

Test Interval Nonnal HELB Seismic Event

Monthly lTU mo-monft - 16.73'fl0 I

TLU MJnloMW" 00n% 1.12¶%

lL nomaLQuaneqt 16.73 VPW w

TWulnLQuattedy1on.% 1.126% /
CM r

TLU HE3BLj O i* =26.058. we

TLU HELB-MonY" 4100% = 1.740%

TLU HELB_.QuAutai 28.05Vs w

TLU HELB Quarki.1004% = 1.740%
Cs xmt

TLU saiuic Motnwya 18M.3YSI

e- lLU VOW J 1 0 % 2 .,

TLU Sex } Oirir'

ThU Selsmlkc...Qartdy - I8.133'PiI

. TLU elsn -Quatery.1% - 1.220%

I

I

IQuarterly

I

-These loops do not perfomn any function during nomal plant operation. The only applicable accuracy is during fimnitig transient conditions.

5.0 Setpoint Evaluation

5.1 Developing New Setpoint

5.1.0 Generic Setpolnt Information Applicable to CTS and ITS

Some of the acceptable M&TE which can be used during the calibration of this loop has a
readability of 1 psg. Therefore, Total Loop Uncertainty values were rounded up to the
nearest whole number. Rounding in this manner establishes additional conservatism into
the calculated setpoint values.

Existina Values

Analytical Umit

Tech Spec. Umit

Exsting Selpoint

AL:=1085pd -

TS:=1055i

SP:=1038$p V

V 4OW61
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Calculation WVC-7 Rev. 5 Attchent B .-' Cak;ulatlon Detail

5.1.1 Custom Technical Specifications

Although these loops are required to remain operable for up to 6 hours following HELB events, operability Is limited
to not causing a spurious trip or failing In such a manner as to cause a loss of RPS functions. Therefore,the
evaluation will consist of ensuring that a HELB event will not cause a spurious trp and will not be used to determine
the Uniting Setpoint. Vermont Yankee's Design Bases establishes that that Reactor Vessel Pressure Is required for
a Design Basis Eathquake. Therefore, the Uniting Selpoint will be developed using the seismic uncertainty. In addition
actuation of the desired setpoint is for increasing pressure, therefore the most limiting, positive, Total Loop Uncertainty (TLU
s) will be used.

CTS- Monthly Tesing

TW sOi oMW 18. lam"

TLUsru enkoyj=t94W AL- 10W"

LSP Lj~c~s:=AL-TFLU usf*_~mow*_~Rn LSP M..CTS - 1066'W Umlting Setpoint, for
PT-2-3-55A B. C. & D at a
Monthly surveillance interval.

$MUargn From Existing SetpoInt (Monthly)

SP s 1038pu1

Ml mc~s =LSP Mu=CT-SP

CTS - Quartedly Testing

TWL swur&_ouw"Rnd :!glpsl

Ml mTCTS - 281pa Margin from the existing setpoint

AL 1O85'tNs

LSP Q.CTs :=AL-rwU seisaml..quareeiyRnd LSP C ioT e I 06 Umitng Setpoint, for
PT-2 B. C, & D at a
Quartealy surveillance Interval.

Margin From Existing Sotpolnt (Quarttly)

LSP QcsW 1066VpW SP =1038VW el

Ml Q..CTS :tWp Q..CTS- SP
/,C.-'/ Y,0;4

;4�0/0
M1 QCTS - 28ap~ Margin from the exdsting setpoint
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5.1.1 Custom Technical Specifications (ConW)

Evaluation of Setpoint Relative to Tech Spec. Umit

The Technical Specifcation setpoint value is based on normal environmental parameters.
Therefore, the setpoint developed using the Total Loop Uncertainty at normal conditions
(rLU ,, will be compared to the existing setpdtnL

Monthiv~

TLU r~pnWMWnl'y - 16.73W1

TW nonnwlyKim*y.n j:=17.paI

SP cTs..Monty : r--Tr-TU nwnnaLumotlyRnd

Quarel

TUJWon w O-Amr*.uly a1L73ps '

TWJ ronwQouadty Rrnd 17.PSI

SP cTs q.uartedy :=TS-TW nwqaddn

T.M'1055" .l

SP cTSyMonft a 1038 This Setpoint value Is the same as the
existing setpobnt, which has sufficlent
maigin from the Umiting &etpolnt andi
Analytcal Limit.

rs - 1055W&

SP Cls0 .ugwo - 1038ap This Setpoint value Is the same as the
existing setpoint, which has sufficient
margin from the ULmiting Setpoint and
AnaWcal Limit

Margin from Tech Spec (7S) value to Setpolnt (SP) (M2)

The only available margin from the Setpoint to the Technical Specification Limit Is due
to rounding. Therefore, M2 is negligible.

5.1.2 Improved Technical Specifications

- Quarterly Testing

Umitina Sotbolnt

LSP ors :=LSP crs V" The Umiting Setpoint is based offofthe
LSP QJTS a 10668S Analytical Uimit and the most Liitng

TLU. For both CTS and rTS the Umiting
/s'? Setpoint Is the same.

ah0 r.
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5.1.2 Improved Technical Specifications (Contd)

Allowable Value

TnU tsftLQuaftq 15. i d *

TLU titsiome Rgm :=16 .psl LSP CQfTS = ¶068ps1

AV:=LSP QjrrS+TWU w~teaw"P Av. - 082' Allowable value = Liming
setpoint+Loop Testing Uncertainty

Mamgin From Exdstin-a Setpolnf

LSP Cqrr = ID6epeI ,

Mlrr :=tLSP Q~ -S

SP. 1038as -

Ml rrS .28ps Margin between Limiting setpoint and
the actual setpoint

Acceptance Value (ACV)

AFT xntr psig ' 15"-

SP.1038"psl

ACV :=SP+AFTxmtr p+AFT QnWpsig

AFT O=m pjsg - 3VW i

ACV - 15OpsI

Acceptance value is obtained by adding
the As-found values of the Transmitter
and Trip unitto the setpolnL This
ensures that under no arcumstances.
the allowable value be exceeded during
surveillance.

MaMin from Tech Spec ffS) value to Setoolnt (SP)

The only available margin from the Setpoint to the Technical Specification Limit is due
to rounding. Therefore, M2 is negligible.

Mamin From AVandAv

AV- 1082-PS1 '

M3 rrS:AV- AM

ACV -105892si -

in rrS . 26ps Margin between the aflowable value
and the acceptance value

13cN
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6.1.3 HELD Spurious Trip Margin

All RPS components are required to remain functional and not cause a reactor
scramn for six hours following a HEL outside of the primary containent For the
iReactor Pressure High Trip, this operability is veified by evaluating the affect of HELB
errors with a normal reactor pressure reading. The norml operating pressure Is
selectedi andi Hi-:LB erors are added to thle normal pressure to deternine if a spurious
trip could occurse. M4 Is the mag to spurious trip.

TU HLs Quattedys 2.059)61 '

TW HiajLQuawtendyP- R 27P' 1s'

The RPS system must remain
functional for 6 hours after a HELB
event to allow for a controlled
shutdown of the Reactor. This
requires that the Reactor Vessel
Pressure Trip instruments not

tea ious trip during Ws six
hur time. The enors associated with
a HELD event wil be added to normal
Reactor pressure to determine the
margin to spurious trip.

P n :=1OOO0pd w SPa1038"pS

M4 :=SP- P n+TLU HEJB_Q="_Rnd)

6.1.4 Setpolnt Results

All of the margins associated with the existng setpoint of 1038 psig were positive,
therefore the eisting setpoint Is acceptable and no setpoint change is required.

SetDolnt Conversion from PSI to mA

Setooint

SP ' 10384 pi CSxm&*150lSsO O

P n +TU HELE Quauhl Rr'p a iO27" w

Margin from spurious RPS trip during 6
e hrs after HELB event = SP4ormal DW

I4.11si Pr+TLU(HELB)

SP MA =SP.( 164M \ +4fM
I= I +44n SPImA - 15.074MA Setpoint value in mA

Tech Spec Value

TS - 1055"ps l CS xmr- 1500vw

TSFA:-=TS. (164f ) +4 TSmA. 15.25naA Tech Spec value in mA

,eA zi Y
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Calculation WC-487 Rev. 5 Attachment B --O Calcuatmao Detail

5.1.4 Setpoint Results (Contd.)

Evaluation Of Ex/stina Calibration Values %

Calibration procedure OP-4312 establishes setpoints by the following calibration values:

Setboint Calibration Value

Trip_sSwfnLMax :=15.104A .Tr.SeSWngMin :=15.04g mA

Sp _,,k:Tf =t pn MaxL+TrdSetngtMin

CS xnm 1500"ps

SPmA .15.7'nA Exisng Setpoint value

SP.P =SPRmA-CS mtUmin x SP ps .=137.s1s The value determined from the
Calibration procedure supports the
existing setpoint value of 1038 psig.

Tech Spec Limit Value

TSSGeb :=1525MnA Wo CS VW a 1OOpW

TS-SeWng- CS m CS
TS . i (IZ mU) xmt

, The value determined forn the
TS 1054 Calibration procedure supporets the

Tech Spec value of 1055 psig.

^/te
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Calculation VYC-47 Rev. 5 Attachmnent B -" Cahktion Detal

6.0 Scaling

The M&1E used to determine the input pressure during calibration Is readable to I
psig. Therefore, for ease of calibration the output current value was established to
the nearest whole number, and the resultant input pressure was determined.

n:=01e hVIn:=U .1 Inmax:=1512 l oubin:=4 ' oulMa:=20.

outapan :=omax- outminInspan :=hmax- Inmh

OtiPuLmnA,:- 'rP"P4n 4D* n%-byl-° pnnT
Inp ouupan .lnppanaiutnp

TN

7UrTM

1T.M

1Z.WY:M

TMD

TM.
rM. ' mA

InPutLPsi9n

12-
106
200

293
387
481

575
668

762 psig

856

950
1043
1137 '
1231

1325

1418

1512 V

1l

V,94i/
19#11WI11:
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ATTACHMENT.C
YYC.- 4'7 REV:5

MODEL 1152 - T0280
$.LPHALINE NUCLEAR

PRESSURE TRANSMITTERfS

Nuclearservice qualified
Design base event (DB.E.) qualified

Differential, gage and absolute models
Traceablifty of pressure retaining parts

Cleaned for nuclear service
Qualified to 1.7 X 10r TID gamma uadlatton

0.25% accuracy

PAGE / OF 3.0
PRODUCT DATA SHEEr 2396

LEADWIRES

FEATURES
Rosemouot's Model 1152-TC280 AfIph

Pressure Transmitters are designed for pn
pessut rne measunements In auctear applI

t' equiing eiablebb perforrance and atety a
;4Axtended sercee Ar.. These tnansmitttens at qt
).4per SEiE423. (1971) and IEEE.244, (1975) to le

_' 1.7 X 10' rads TiO gatnrna radlion. seismic h
39a and for steam-pressure/chemnical.
performance. Stngent quality cohtol durin
manufacturing process Indudes traceabil
pressure retilning parts special nucleartdeanlr
hbydrostatic testing.

Model 1152-T0280 Transmitters amesImi
construction am performance to RosemounaIg
Modei 1152 Transmitters. The Model 1152
Incorporates several modifications of tWe at
Model IlS2Tuansmitterwhich Include the useo

ing naeck seat and Dow Corning 704 a1 In the
cell Units are available In Absolute CAP). Gagi
and DIfferential (OP) configuratdons, with a val
pressure range opdons.

Oirect electronic sensing with the completely
-CELL" capacitance sensing element *ikt

mechanical farce transr and problems ass*
with shock and vibratIon. Inatallatlor
commissioning sre simplified by compact des
wIra systemicompallbitty rd external span at

; .. adJuatments6 WlVdng tenats-and.electronics
! ., ' separate eompattrnents so the tIectrinIci I

sealed durinj Installation.

itan0- OPERATION
sensor Process pressure Is transminted through an IWoting
I(OP). diaphragm and silicone oil I1 fluId to a sensing
retyatf diaphragm In the center of the -CELL The ntterence

pressure is transmitted In lile manner to the otherslde
sealed of the senaing dlaohragm. The displacement of the
tinales sensing diaphragm, a maximum motion of OQ04
ciated inches. Is proportional to the preasuri differential
n and across IL The positlon of the sensing diaphragm Is
ign. 2- detected by capacitor plates an both aides of the
id tero .* . sInslng d[aphragnt Thq. dlfferentil capaelt5tafte
*tae In paebvfen.tht sensing dl phragm jtnd the ca)factor
remaln plates Is converted et, ronlG9!ly to a 2a-fd 4-2Q

mAOCesgna

* ..

~~"Rosemouit-
Ceey.IqnI neOeW.0W Ig,. Mtl

*Pmfftt.E or es. o mom .e w ofm Ieft g CAL paffiw
P". lsrtAds?. 1x1114, leggin zse4.m &St&,s
ZOW.EI&; 1SS' ON:39 55 *AO 14:1.0SA.5 Cessee
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A TTACHIMAENT . PAGEst OF;50
NUCLEAR SPECIFICATIONS VYC.
ALL MODELS
(QualifIed to IEEE-23-1971 and IEEE-344-1975 per
RMT Report 98017A)

Radiation Performanco
*5.0% accuracy during and after testing to 1.7 X 10t
rads, total Integrated dosage gamma radiation at 0.4
Mradlhr. dose rate: :0.25% otspan after recaiibratfon.
Seismic Performance
±0.25% accuracy during and atter seismic testing to
3g's over a range of 5-100 Hz In 3 major axes.
Steam PressurelChemical Spray Performance
Accuracy equal to the temperature effect accfracles
listed below under Performance Specitcatlons after
sequential exposure to steam pressure of 15 psIg.
21FF for 6 hours. 15 psig, 1t5F for 100 days.
Quality Assurance Program - in accordance witt
1OCFFI50. Appendix S.
Nudear Cleaning to t ppm chloride content.
Hydrostatic testing to 150%. of maxlimunt working
pressure or 2000 psi, whichever Is greater.
Traceabillty in accordance with 1OCFtSO. Appendix S;
chemical and physical material certification of
pressure retaining parts.

B PERFORMANCE SPECIFICATIONS
MOD EL 1I 52AP AND'I 152GP
(Zero-based Spans, Reference Conditions)

Accuracy
±0.25% of calibrated span. Includes combined effects
of linearity, hysteresis and repeatability.
Deadband
None
Stability
±0.25% of Upper Range Uimt for 6 months.
Temperature Effect at Maximum Span (e.g:0-1O0 psig
fot 0-17/100 pstg range)
Zero Errot ±0.75% of span per 100tF.
Total effect Including ipan and zero errors: ±1.25% of

.span per t100F.
** t0-:.bauble the speciffed pffectrdr-Rangg Code 3.

Temperature Effect at Minimum Span (e.g. 0-17 pag
for 0-171100 pslg tange)
Zero Error. ±4.5% of span per 100 PF.
Total effect Including span and zero errors: ±5.0% oS
span per 100-F.
NOTE: Double the specified effect for Range Code 3.
Ovwrpistsurs Effoct
Overpressure at 2000 pslg will cause a zero shiftotless
thanrr0.25% of Upper Range Urnit (Range Codes 3 &
4)L ±1% of Upper Range lUmit (Range Code 5): ±3% 01

, Upper Range Limit (Range Codes 6 & 7): ±1% of Uppes
& Range Limit (Range Code 8): 40.5% of Upper Range

limit (Range Code 9. to 4500 psi).
Power Supply Etfect
Less than 0.005% of span per volt.

REV: 5

Load Effect
No load effect other than the change In voltage
supplied to the transmitter.
Mounting Position Effect
Zero shitof up to t.5 inch H5 0which can be calibrated
out No effect In plane of diaphragm. No span effect
Span errorls systematic and can be calibratedcutfora
particular pressure before Installatlon.

PERFORMANCE SPECIFICATIONS
MODEL 1152DP
(Zerobased Spans, Reference Conditions)

Accuracy
+0.25% of calibrated span. Includes combined effects
of linearity. hysteresis and repeatability.
Deadband
None-

Stability
±!0.25% of Upper Range Limit for 6 months.
Temperature Effect at Maximum Span (e.g. 0-150 In.
for 0-25/150 In. HO range)
Zero Error, ±0:75% of span pet 1iOOF.
Total Etfectincfuding Span and ZerqErrors±1.25%of

* span We 1f00 F. *- .
NOTE e16uble the specifi- effect ior Range Code 3.
Temperature Effect at Mlnt-urn Span (e.g. 0-25 In. for
0-25/150 In. HO range)
Zero Errorf *4.5% of span per 100 F.
Total Effect Including Span and Zero Errorn: ±5.0% of
span per 100*F.
NOTE. Oouble the specified effect for Range Code 3.
Overpressure Effect
Model 11520P: 2000 psig overpressure will cause a
zero shift of less than +*0.25% of Upper Range Unmit
(Range Codes 3 & 4); less than ±1.0% of Upper Range
Umit (Range Code 5); less than±3.0% of UpperfRange
Umift (Range Coes 6 & 7); Jess then ±6.0% of Upper
Flange Umit (Range Code 8):
Staltc Pressure Effect

* -: del 11520? Zero Erroc *Q.25% of Upper Ranfge
-. ;lif per200d psl(Range Codes4 &5); 0,5Y %Of Upper.

IFl**ango Uimit per 20W psi (Range Codes-S -8. 7. 8. . .
Span-Error. -1.0 t 0.25% of reading per 1000 psi
(Range Codes 4.5.6.7 6:-1.5 ±025% of reading per
1000 psi (Range Code 3).
Span error Is systematic and can becalibrated out fora
particular pressure before InstallatIon.
Power Supply Effect
Less than o.0oS% of span per volt.
Load Effect
No toad effect other than the change In voltage
supplied to the transmitter.
Mounting Posillon Effect
Zero shift of up to 15. In. HzO which can be calibrated
out. No span effect No effect in plane ol dlaphragtr

Q.X<0melt,,, 'I
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1.

PHYSICAL SPECIFICATIOXS
ALL MODELS

( asterlals of Constfucton
Isolating Diaphragms and Drain/Vent Valves: 316SS
Process langes: 316SS
O-Rings: Ethylene Propylene
FIU Fluid: Dow Coming 704 oil
Flange Boltv. Plated Alloy Steel. per ASTM A-540
Electronics Housing: Low-copper aluminum
polyester-epoxy painted
Process Connections 1/4-18 NPT
Electrical Connections: 1/2-14 NPT conduit Slotted
and 0.104. diameterJack-type screw terminals.
Weight: 12 lbs. with aluminum housing

FUNCTIONAL SPECIFICATONS
MODEL 1152AP AND 1152GP
Ranges
(3) 05O30 In. H20 (GP Units Only)
(4) 0-25/150 In. 120; 0-2V11 In. HgA
(S) 0-125/750 In. H2 0; 0-10/55 In. HsA
(6) 0-17/100 psig/psla
(7) 0-50/300 psig/psia
(8) 0-1-70/1000 psig/psla
(9) 0-500/3000 pslg (GP Units Only)

Outpqt
( 4-20 mAiC

_ Power Supply
External power supply required, up to 45 VOC.
Transmitter operates on 12 VDC with no load.
Span and Zero
Continuously adjustable externally.
Elevation and Suppression
Maximum Zero Elevation: 600% of calibrated span
down to 0.5 psia (GP only).
Maxlmrnum Zero Suppresslon: 500% of calibrated span. -
Neither calibrated span nor end points can exceed
to10% of Upper Range Limit.

Temperature Limits
40 to 212F Amplifferoperatlng.

- *4t to 2MF Smnsing; ament operating:
-60 to 95O0f Atta.g.:.

Maximum Woclkng Pre~surs
Upper Range Limit
Overpressur, Limits
0.5 psia to 2000 psig (Range Codes 3.4,5. 6 7. 8);4500
psig (Range Code 9); without damage to transmitter.
10.000 psig proof pressure on the fanges.

. . Humidity Limits
0-100% RH.
Turn-on Time
2 seconds. No warmup required.

gDamping
Minimum time constant measured at 100 F does not
exceed 2 seconds (Range 3). 0.5 seconds (FRange4). or
0.2 seconds (Range 5-9). Timo constant Is adjustable
(Range 4-9) to a maximum of 1.67 seconds.

FUNCTIONAL SPECIFICATIONS
MODEL 1152DP
Ranges
(3) 0-5 to 0-30 In. H-20
(4) 0-2s to 0-150 In. H30
(S) 0-125 to 0-750 in. H20
(6) 0-17 to 0-100 psi
(7) 0-50 to a- 300psi
(8) 0-170 to 0-1000 psi
Output
4-20 mAOC

Power Supply
External power supply required, up to 45 VDC.
Transmitter operates on t2YVDC with no load.

Span and Zero
Continuously adjustable externaliy.
Elevation end Suppression
Maximum Zero Elevation: 600% of calibrated span.
Maximum Zero Suppresslon: 500% of calibrated span.
Neither calibrated span nor end points can exceed
±100% of Upper Range Umit.
Temperature Limits
40 to 2126F Amplifier operadng.
40 to 2120 F Sensing Element operating.
-60 to 250w F Storage.
Maximum Working Pressure
Upper Range Limit
Static Pressure and Overpeessurt ULmfis
0.5 p41a Id 2000 pslg stasic pressure for operatfon
within spenifications. 2000 psig overpressure on either
side without damage to the transmitter.
10.000 psig proof pressure on the flanges.
Humidity Limits
0-100% RH.
Volumetric Displacement
Less than 0.01 cubic inches.
Turn-on Time
2 seconds. No warmup required.
Damping
Minimum time constanf measured at 100 F does not
exceed 2 seconds (Range 3). 0.5 seconds (Range4). qr.
0.2 ieconds (Ranges 5-). Time cbnstant is adjustable

nRaOg 4s) to a atixrrum P.e67 tcoids. .. '
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Orde~ring Information

ATTACHqMENT C
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- iL
I 115t112 ALPMALINE PRESSURE TRANSMITTERS FOR NUCLEAR APPLICATIONS

., .--
ICOE 110932tJRE UEASURVAE7I7

I up witreniat Presuue. 2=0 puig Stmne Pressure Rating
IAPI Abstuft. Pressure

GP Gage Prussurt

COOE
UOOV. 1115201P

ONMFROM411Z

FRESZUI1C KAXQ9

MaCEL. 11c2A
I gsSOLWT!4 (CAGq I

_ -

3

4

S

6

7

a

S

0-5 to 040 inl. "to
(0.127 to 04562 mm H2 0)

(0435 to 0-3810mm N~O)

(0-3175 to 0-1005 mm "g~o)

6-1i? to 0-100 'paid
(0-112 to 0-t~ligcm')

G40 to 0400 paid
"03to 0-21 kq/cJI)

0-170 to 0-1000 psid
(0-12 to 0-70 kglon*IM

MA

MA
WA
WA

C -10 to 0w4% I.NA
(040:34 to 41-1.108 kgvcm~

*-lI? O -toa prta
P0112 to 0-TA kgle"'

4-50 to 0-=0 011*
(035 to 0-21 W~Cm0

0-1701to001000 P"i
(0.12 to @407 kgvcmI

ti/A

0-S to 0-30 In. t4go
(0.27 to 0-62 mm NiM)

045 to G-IsO in. I4O

(0.12 to a450 Mon Mac
~0417 to G.102 mew "go

0-117 to 04100 Oagg
(0-1.1 to 0"7A kgfcmZ)

0-SO to 0-=0 paig
(0.2.3 to 0-21 kglcmt

)

0-170 to 041000 psig
(0-12 to 10-70 "raq 3

0-500 to 0-3= psig
(0-231to 0-ZIG kg/awl 2)

. . _ .

.

4.20 MAOC with AdljuSlblel Oamoeng
_ .

UA1ERU.LS OF CONSTRUCfION

10RAIW VAECMhNICS
Y ENr - ISOLA~TNG HOUSZMNf -

FLANGEIS VALVES DIAPHRAGMS COVSRS
31622 31633 31652 Atuarinunt

_ _ _ _ _

SPECIALS

I

Radiation capability to 1.7 X 10f lads 110 g2mMit
adtalkwn

Sam. as T026 OaCeot has undergone 04 Ama
bum-in Procedure.

COOE PTONS
I

Fe P&ane Mounting stack-at

- . - I

I~ itsa or 4 Pa.-o--TYPICAL MOOEL NUMBE

ATANDXRD ACCESSOIJlE.S All Mcde1s arp Shipped
..with Ientdialn iajvfes and lone.1njta11ctlfh Wnual per-

CAUBRATION Transmitters are factory calibrated to
customers specified range. It calibratIon Is not
specilied. transmitters are calibrated at maximum
range. Calibration Is at ambient temperature and
pressure.

TA GING A~phdeJIoPressurp Transuyitters-vwll be
supplied-.with S-S tagging. in. accoidance. with
customer rej4ufreme'nts. *- . -.-- ** ..

* DOCUMENTATON Certification of"compliance will
be provided for each 1152-T0280 transmitter for
nuclear quallfcatlon. accuracy, special Cleaning.
hydrostatic testing, and traceability. Chemical and
physical reports and Identification of pressure
boundary materials will be on rile at Rosemount

NOTi- Model 1152-TQ455 is Identical to Model 1152-
T0280 except Ute T0455 option has undergone a burn-
In procedure.

Rosemountinc. Posr orrcE .OX39129 MI~tltEApoUs. MtNrESOTA354.35

pH0NrL- 612) 94t.5560 TWXVL-910-374-3103 TELEX: 29-0183 CA6LE-ROSOEOU"t4T -
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ATTACwMENT -

MODEL 1152 wcC7 RYVz5
ALPHALINEO NUCLEAR
PRESSURE TRANSMITTERS

Nuclear service qualified
Design base event (DQ.E.) qualified

Differential, gage and absolute models
Traceability of pressure retaining parts

Cleaned hor nuclear service
SSrhouslng option

Qualified to S X 106 rads n7D gamma radatiaon
0.25% accuracy

p'GESOf 30
PRODUCT DATA SHEET2S

) FtATURES
CtoI~ldet 115Z j4Iphane' Frssre Trenmlaue~ r

I~9 desined lor predalon pressure meaurem rtmens hu
dleer stlcatons requiring reffebbte perdwnac end
safety over en extended ace.k lie. Thoe te wanit-
ten. aue qu~ellid per I~!G SW. I2 IEEE
Std 344-117 to beveb ot S x 10' rads 110t gamma
rdIa~on. *ssmic levels ofS gs and bor steam-pres-
surekheiael4sprq perfomience. stringent quaflty
control during lie onanutacktrtng process Includes
fa*eablty of pressure retainig pet. spedal nudlear
cleaning, and hydrostadc test.

Model 11162 Transmitter. e simir hi constnacton
ewd peomienCe to tie proven niosemount' Model
ttSt Transmitera. Unrits ace avaibte In Absolute
(AP). Gage (GP). O~e nital (n ad Koh-Una 0i-
forendal (HP) configuradns. ih a nrtety of pressure

inge options. .
Oredt eectrari sensing with The coipletely sealed

3-Ce# eapacitance sensing element eaminales
mehazat*orce tansier and problems adatted

wh shc n vbrhs~lfon. entfadrnd conmlsmn
* . kiq crd usmnlvtd by com t dealn. 2.wretstm

* omnpallblily ann qtere pawl se urnc
vWing teinsl*nd5en eteaeut4re hi sepate eomn
patents 5 elem o unr s rmain teet dn tn-

- 'LRosemount

LEAOWIRES

M D S I

\t\&Nitl S S N ESING

ISOLAnNO WtEOED 5EAtS
DIAAHRAGM

OPErxAToN

Process pressure Is traneltted through en Isoladng
Eaphrngm end alicone oN hUll Ari to £ sensing dli-

phragm hi the center ot the W-C P The ter~rer pres-
sure ts hnnmlled h~ Pke mnaner llo the oer idce o
the senrbag dphngm.ThCseclplSeceentofV1$rndtn
dllaphragm.a mn~rum meotors of0004 Indes b pro
portons!t b the pressure ofutsrentfzacrOs Lthe posl*
llon oeSi aenig d lapflagnults deteot by capaior.

* ateronbot ddsid e tsftngjhnbs he CSler
notla capactne, btw~een AdaolntIah~a~ a~nd ,.*

thE Captor p11.28 is ge~rvetede lectfontc nrto t£2-
srr.4 20mAdcsdgnsl

_ _s t A S(UQK
/ s ? K / ~ ~ CI

"Mr i9^% ro to 8 FULPto 00Ua 5 pr#m. ty wiw.e r.-. L ~Sl
-&U ftw or a" otf W aam Aw"C/ANAA PAWMr~ ISP65W to"5 1574. 5575. 079 SW toms~W..mtr.nnfl flefor 55 M .0... gm O5d~ 0d P%.



ATTACHMENT. CIAGEGOF 30
NUCLEAR SPECIFICATIONS YC 47 REVSPERFORMANCE SPECIFICATIONS
ALL MODELS MODEL 1152DP AND 1152HP

,(OuaflWIed to IE-EEStd. 323-197? and 1IEStd. 344- 1975per (Zera4based Spans, Reference Conditions)
:RMr~epotds 380tV9, 56225)I; ep~a 8 9. j822;) Accuracy _0.25% of calibrated span. Induc

"' Radiation Performance ±8.0% accuracy during and bined effects of linearity. hysteresi and repea
after testing to 5 x 10i rads. total Integrated dosage
gamma radiation at 0.4 Mrad-hr. dose rate. ieadband None

* i fr

I ".4 :

3 .. - ..
t

Jes comr-
lability.

Seismic Performance -0.25% accuracy during and
after seismic testing to 3g over a range of 5-100 Hz
in 3 major axes.

Steam Pressure/ChemicaI Sprty Performance
-0.75% accuracy after sequential exposure to steam
pressure of 70 pslg (21.14 kPa). 3161F (157.B*C) for
I hour; 55.4 psig (17.5 kPa). 303F (150.56C) for 7
hours and 6 psig (5.2 kPa), 2300F (I1I 0C) for 42 hours.
For SST housing option. -0.75% accuracy atter
chemical spray concurrent with above steam pressure
cycle.
Quality Assurance Program In accordance with
1WtFR50. Appendix S.

Nuclear Cleaning to 1 ppm chlorine content. Hydro-
static Testing to 150% of rated lIne pressure or 2000
psi (13.8 MPa), whichever Is greater.
Traceability In accordance with 10CFR50, Appendix
B; chemical and physical material certification of pres-
sure retaining parts.

PERFORMANCE SPECIFICATIONS
MODEL 1152AP AND 1152GP
(Zero-based Spans, Reference Conditions)

Accuracy ±0.25% of calibrated span. Includes com-
bined effects of linearity, hysteresis and repeatability.

Deadband None
Stability ±0.25% of Upper Range Umit tar 6 months.

Temperature Effect AP & GP
Range Codes 4-9: -(0.5% Upper Range Limit +0.5%
span)-per t00F (55.6C) ambient temperature change.
Range-Code 3: ±(1.0%.Uppei Range Umit +1.0%
span) per 100'F (55.6*C) ambient temper~ture change.
6verpressu, act. . * -:.
Overpressurd @f 200Z psi (13.8 MPaj .¶llr cause a
zero shift of less than *0.25%4 of Uppbr Range.Umit
(Range Codes 3 & 4); ±1% of Upper Range Limit
(Range Code 5): t 3% of Upper Range Umit (Range
Codes 6 & 7): -:6% of Upper Range Umit (Range
Code 8); ±0.5% of Upper Range Urmit (Range Code
9) to 4500 psi (3 1.0 MPa).
PFlwer Supply Effect Less than 0.005% of span per
volt.

Load Effect No lead effect other than the ctiange In
voltage supplied to the transmitter.

Mounting Position Effect Zero shift of up to 1 Inch
H20 which can be calibrated out. No effect in plane
of diaphragm. No span effect

Stability -0.25% of Upper Range Umit for6 months.
Temperature Effect DP & HP
Range Codes 4-8: ±t(0.5% Upper Range ImIt +0.5%
span) per 1004F (55.60C) ambient temperature change.
Range Code 3: *(1.0% Upper Range Limit +1.O%
span) per 100f (55.60C) ambient temperature change.
Overpressure Effect
Model 11520P: 2000 psig (13.8 MPa) overpressure
will cause a zero shift of less than ±0.25% of Upper
Range Limit (Range Codes 3 & 4); less than =1.0%
of Upper Range Limit (Range Code 5); less than
±3.0% of Upper Range Limit (Range Codes 6 & 7);

less than ±6.0% of Upper Range ULnIt (Range Code
8).
Model 1152HP: 4500 psi (31.0 MPa) overpressure will
cause a zero shift of less than t 1.0% of Upper Range
lnmit (Range Code 4): less than ±2.0% of Upper
Range Umit (Range Code 5); less than ± 5.0% of
Upper Range Limit (Range Codes 6 & 7).

Static Pressure Effect
Model 11520P Zero Error. ± 0.25% of Upper Range
Limit per 2000 psi (13.8 MPa)(Range Codes 4 & 5);
-* 0.5% of Upper Range Limit per 2000 psi (13.8
MPa)(Rahge Codes 3, S. 7. 8).
Model 1152H4P Zero Error ±2.0% of Upper Ran e
Limit per 4500 psi (31.0 MPa)(all ranges).
Power Supply Effect Less than 0.005Y. of span per
volt.

Load Effect No load effect other than the change In
voltage supplied to the transmitter.
Mounting PositIon Effect Zero shift of up to 1 inch
H20 which can be calibrated out. No effect In plane
of diaphragm. No span effect.

.. . .. . 0. . :, .: . .. . . I - I
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ATTACHMENT
VYc.; CZ.REVI5

PHYSICAL SPECIFICATIONS Fl
ALL MOJELS M

MATERIALS OF CONSTRUCTION Ra

Isolating Diaphragms and Drain/Vent Valves: (3)
316SS .(4
Process Flanges: 316SS (5)
O-Rings: Ethylene Propylene (6)
Pill Fluid: Silicone Of (7)
Flange Belts: Plated Alloy Steel, perASTM A-540 Un
Electronics Housing: Low-copper aluminum polyes. Oq
ter-epoxy painted; or austenitic stainless steel.
Process Connections: 114-18 NPT 4S
Electrical Connections: 112.14 NPT conduit with
screw terminals. Sp:
Weight: 12 lbs. with aluminum housing; 16 lbs. with Ele
stainless steel housing (excluding bracket). Ma

Ma
Nel

FUNCTIONAL SPECIFICATIONS Ter
MODEL 1152AP AND 1152GP -2

-2
Ranges Opi
(3) 0-5 to 0-30 In. 14H 0 (0-1.24 to 0-7.46 kPa)(GP Units -6
Only) Sta
(4) 0-25 to 0-15 oIn. H20 (0-6.22 to 047.SO kPa) 1404
l5) 0-125to0-750in. lo(o-31.8 to0-186.50okPa) MP
(6) 0-17 to 0-100 pslg/psla (0-0.12 to 0-0.69 MPa) Uon
(7) 0-50 to 0-300 psig/psla (0-0.34 to 0-2.07 MPa) sid
(8) 0-170 to 0-1000 psig/psia (0-1.17 to 0-6.89 MPa) MO(
(9) 0-500 to 0-3000 psig (0-3.45 to 0-20.68 MPa)(GP MPI
Units Only) tion

Output 4-2o mAOC side
Power Supply External power supply required, up to Hur
45 VDC. Transmitter opemtes on 12 VOC with no load. Vol1
Span and Zero Continuously adjustable externally. inch
Elevation and Suppression Tur
Maximum Zero Elevation: 600% of calibrated span Oan
(GP only). twel
Maximum Zero Suppression: 500% ofcailbrated span.
Neither calibrated. span 'nor end points can exceed
zi *: s .00boI Upper)hIagq tfntit... ;. . .:.-

Temperature WUmits * :
-20 to 200 F (- 28.9 to 93.3C) Amplifier Operating.
-20 to 200F (-28.9 to 104.4rC) Sensing Element
Operating.
-60 to 250-F(-51.1 to 121.1-C) Storage.
Max. Working Pressure Upper Range Urmit

Overpressure Limits 0.5 psla (3.4 kPa.) to 2000 psig
(13.8 MPa) (Range Codes 3. 4. 5. 6. 7. 8); 4500 psig
(31.0 MPa)(Range Code 9): wIthout damage to trans-
mitter.
Humidity Limits 0-100% RH.

Turn-on Time 2 seconds. No warmup required.
Oamping Time constant continuously adjustable be-
tween 0.2 and 1.67 seconds.

PAGE 7 OF 30 _1
JNGTIONAL SPECIFICATIONS.
ODEL 1152DP AND 1152HP
anoes

0-5 to 0-30 In. H20 (0-1.24 to 0-7.46 kPa)(OP Units
nly)

0-25 to 0-150 In. HkO (0-622 to 0-37.50 kPa)
0-1 25 to 0-750 In. HC (041 .08 to 0-186.50 kPa)
0-17toO-100psl(0-0.12toO-0.69 MPa)
0-50 to 0-300 psi (0-0.34 to 0-2.07 MPa)
0-170 to 0-1000 psi (0-1.17 to 0-6.89 MPa)(OP

its Only)

tput 4-20 mAOC
wer Supply External power supply required, up to
VOC. Transmitter operates on 12 VOC with no load.
an and Zero Continuously adjustable externally.

vatlon and Suppression
xfmum Zero Elevation: 600% of calibrated span.
ximum Zero Suppression: 500% of calibrated spar.
ther calibrated span nor end points can exceec
00% of Upper Range LIMIL
nperature Limits
0 to 200oF (-28.9 to 93.3*C) Amplifier Operating.
0 to 220"F (-28.9 to 104.46C) Sensirig Elemen:
3ratirg.
0 to 250-F (-S1.1 to 121.1*C) Storage.
tic Pressure and Overpressure Limits
let 11520P: O.S psla (3.4 kPa) to 2600 psig (13.E
a) static, pressure for operation within apecifica-
s. 2000 psig (13.8 MPa) overpressure on elthe.
e without damage to the transmitter.
del 1152HP: 0.5 psla (3.4 kPa) to 4500 psig (31S.
a) static pressure for operation within specifica
s. 4500 psig (32.0 MPa) overpressure on elthe
e witfout damage to the transmitter.

nidity Limits 0-100% RH.
umetric Displacement Less than 0.01 cubi'
iss (0.16 cm3).
n-on Time 2 seconds. No warmup required.
riping Time constant contituously adjustable be
en 0.2 and 1.67 seconds.

.. C-
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).Ordering information- VYC- 5,-7- REV: 6'

[~ T 1 A~fA~J 6 P USU E TAm sMarrs "FOt NUCLEAR APPUCA"ONS

-

Coca PRCSSURZ MEUASUIIHT I COP 01deftadd Praumvw. 230 owlq sta Preswo Racing
HP OWwwidMt 1Pms3Uw AM0 #$If Susfc Poswu nanny
AP IAftatute PrtZs.wi
GP I 49 O gp itaar. N

coot
*1 (02 V$ER V4TtAL)

MOaCL list
(03f xaT1

PrUeURIE lANG9 .S

HP 40063. ttsz Ap
AL) .1 (AISCOUJT!

MODEL :152OP
(0.40!)

_ , ,

4

s

£

7

a

g .

0-S to 0.301* k*420
P11-24 Ia 0.7.46 kPaj

0-2 t 0.150 In. *4,0

0-125 la0045 hi. "so
(0O3T 08so 0-1883.0 &PaJ

0.17 la 0.100 "ad

040 to0400 psid
(0435 100407 NIPSJ

(0-1.151la0483 MPS)

WA

WA

.-Sto 0.150 Ia. "so
(0-1.go (a@4.W ILP&)

0-125 so 0.45 hi 1420
(O42A8 100.18mit Pal

0.17100.100 p348
(041*100483 Alfs)

(04353 to 07 u.ps)

- WA

WA

WA

IWA

0 .125 to 0.750 In. 11

0-17 so 0.100 paS1
(043I2 t 0483 IMPa)

0-5010 0.20 paSE

(0.1.5 to0-6.83 UPaj

WA

go .24 007.46 tkPap

045s to 8.-ISO In.?J
(04.2210 0-3730 pa

0.12540 0.12 hi. %40
"As.0 la 0.36850 ual~s

0.17 to0.100 osig
(041210 0455 UPs)

(0435 la 0407 PAl~)

40.170 to 61030 wa~g
(04.5.is1to"a htPg

(04.453* 0.20.8211Ps)

COOt I OUTVut . . .. .

is 4-20 .AOC WIUIAdliWAssulsOaaspln

CO.
' FLANGES -

* %..; '. MATERIALS Of CONSTRUCTION * . * i .. *. ****.* fl'.

DRAINIYE1NITVAU.ViS WO1LAT1HOGIAPIhRAGC'S £LCTR0ItoSIcsOUSluaGI

C
22 1 1"SS 31688 63 knm

U 1 - 33103 . 31635 3165 Asastofloc SS

I COO! IOPTIOSS . -.. ... I... .A

re6I rnal manuoba saitess

1112 op 4 N 8 Ps i TyPICAL MOOCI. HU3I URI

STANDARD ACCESSORIES All Models are
shipped with ventdraln valves and one Instruction

.;manual per shlnent. .. .

* CAUBRATION TransmItters are ftactory caibratd to' .
customers specifled' range. If callbratIdr is not :
specified, transmitters are calIbrated at maxfmur*
range. Calibration Is at ambient temperature and
pressure.

Rosemount Inc.

TAGGING ALPFHALINE Pretsure Transmitters will
be suppiled with.SST tapggng In accordance wtlh
'customer requirements.

; DOCUMENYA:nON'; Ceirifrgtloh 'at hotnq$agnce.
wnt be provided for ach i it2 trahsmitter roe nudear

* qualification, accuracy. special cleaning, hydrostatic
testing, and traceability.. Chemical and physical
reports and identification of pressure boundary
materils will be on file at Rosemount.

POST OFFICE- 3OX 35129 MIINHEAPOUS. u""SOTAS5545

4145580 TWX: 910576-31103 ThI.EX;"290183 CA6Lf-ROsLlouNtt
.

PaONIE (5612)9 e
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*TANKEE ATOMIC - FRAMINGHAM

'. To

From

Subject

R. G. January

(G-7fr Hengerle,

LONG-TERK STABILITY RESULTS:

. Date July 13. 1987
Group if VYI 139167

W.O. i 4100

I.M.S. #

ROSEMOUNT TRANSMITTERS

REFERENCES

(a)

* (b)

(c)

(d)

YAEC-1562, Instrument Accuracy Report of Selected Class 1E Equipment at'
Vermont Yankee Nuclear Power Station
Rosemount Report 78223, Revision A, Long-Term Test Results for Pressure
Transmitters, Rosemount Model 1151 (Enclosure 1)
Letter, Ms. J. Sandstrom (Rosemount) to G. Hengerle (YNSD) dated
July 6, 1987 (Enclosure 2)
Meeting Notes Between J. Sandstrom/H. Savage (Rosemount) and G. Eengerle
(YNSD), dated June 9-f1, 1986

EXECUTIVE SUMMARY

Long-term stability testing was conducted by Rosemount for theft 1151 series
transmitters. Their report states that the results apply to the 1152 and 1153
beries transmitters. An evaluation of the Rosemount stability test results
indicate that a worst case stability error of +0 .2.5 of upper range limit for
18 months can be utilized for the. transmitters installed at Vermont Yaukee.

BACKGMOUND

Rosemount's published stability error is +0.25X of Upper Range Limit (URL) per
each six months of operation. This stabifity error was used in determining
instrument loop errors presented in YAEC-1562 (Reference (a)). For a one-year
operating cycle, this was found to be acceptable.

However, the operating cycle following the 1989 refueling outage will be
18 months. Using Rosemount's published stability specification will result in.
unacceptable instrument loop errors. An alternative to Rosemount's published
stability specification was deemed necessary.

.. Rosemount provided a
.. . 'hich rbe .apW ed

I : U Yankee.

DISCUSSION

report on long-term st&aillty testing (Reference (b)),
to the i2Wnd 153 Vrasmittet inbtaliedat Yermpat

Summary

Rosemount performed long-term -staWKlity testing on the 1151 series
transmitters. In their repo~rt, Rosemount concludes the following:

Long-term stability of the Model 115L Range 4 pressure transmitter is
much better than +0.2X URL per six months at reference conditions. The
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Model 1152 and 3153 series pressure transmitters are only slightly
different from the 1151, and none of these changes affect stability."

From their conclusion and subsequent concurrence from Rosemount (Reference
(c)), the results obtained from the 1151 testing ean be applied to the 112
and 1253 series transmitters installed at Vermont Yankee.

Evaluation

Rosemount actually performed two independent stability tests.

The first test used a single 1151 transmitter mounted on their buildings
roof. Test data was obtained intermittently over a 12-year period. The data
indicated good. stability over the entire period. However, the transmitter was
not pressurized and *ts energized only while test data was being obtained.
This does not adequately represent the transmitters Installed at Vermont
Yankee. Therefore, the test data obtained cannot be directly applied to the
Vermont Ya4ee transmitters.

The second test used six 1151 transmitters installed outside on a roof. They
were maintained energized and at pressure. Test data was obtained over a
five-year period. These transmitters closely represent the transmitters
Unstalled at Vermont Yankee in that; 1) they are continuously energized, 2)

. they are maintained at pressure, and 3) they wi11 expe3Zience a viriation in
&? their environment.

As such, the test data obtained from these transmitters can be applied to the
Vermont Yankee transmitters.

The stability test report (Reference (b)) was reviewed. The test data
included stability errors superimposed by errors caused by temperature
effects. To obtain only stability errors, Rosemount, using the least squares
method, determined a best-fit straight line. This method gives a good
indication of average stability ever time.

Based on the above, the worst average shif t observed' was 0.0571 span per
six months..:This is a far superior specification than the 0.25X URL per
sit nonthes. published by oseaount .(for the 1152 end 1153 series transmitters)
Azsad pretently-.used in determining .hstrumght loop accuracies.

Justification exists to use -an Improved stability, specification. f 40.057X of
span per six months. Over an 18-monthi cycle, a total stability error of
40.171Z of span would apply. However, prudency dictates that additional
conservatism should be imposed. Therefore, the +0.057% of span per six months
specification will be increased by a factor of 1-.4, to +0.08X of span per
six months. In addition, the URL will be used in lieu of span, resulting in a
stability specification of +.08X of URL per six months. For an 18-month
cycle, this wili result in a total stability specification of +.241 of URL.
For additional conservatism, i stability specification of +.25X of URL will be) used for 18-month. cycles.

__ _ _ _ _ _ __ _ _ _ _ _ __ _ _ _ _ _ _
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It is also worth noting that Ikosemouxt integrates theai accuracy specification.

(+0.251 of spax) within the published stability specification.

(Reference (d)). Per concurrenie with R0osemiot (Reference (c)), the accuramy

specificatios2 can cAo be treated as I. integrl part of the evaluated

stability specification.

CONCLWSI0H

The 0osemouft five year long-term stabiLity test results can be applied to the

1152 and 1153 series transwitters Installed at Vemout Yankee. Based on the *

a above evaluation, a stability specification of 40.251 of 1EL for 18 months is

conservative and adequate for future instrulent loop ascuricy reviews.

Furthermore, the Rosemount published aicuracy specification is still to be

treated as an. Integral part of the evaluated stability specification.

Senior Engineer
Vermont Yankee Project

j.. T. Vibert
Senior Engineer
Vermont Yankee Project

GJE/RTVfdlb

Enclosures

cc: S. B.. Hinl3r
3. K. Thayer
R. L. Smith
M. J. Cofske

I .. ..

, .:

J9
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; ~LOW-LEVEL RADIATION DOSE RATE TEST -
SMALL BREAK LOCA TEST

g _ * . .. ".:'t'--$ROSEMOUNT NUCLEAR: . ..
_ .PRE.SSURE TRANSMITTER8 .s;- X

: -: MODEL 1153 SERIES.B ° ^

WITH SIMILARITY CONCLUSIONS FOR 1153 SERIES D AND 1154::;.-.
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4.0 GENERAL RESULTS

4.1 Radiation Test

The radiation test data supports a specification, for Model 1153

Series B transmitters, of ± 1.OX of Upper Range Limit CURL) when

* exposed to doze rates of less than 1 MRad/hr and a TID of less than

6 MRads. This improved specification applies to both the P and R

* output code electronics installed in Model 1153 Series B
* *** transmitters.

* * Since Radiation effects are due to the electronics and the
electronics used in the Model 1153 Series D / Model 1154 are

identical (except on the Series D requires the use of Jumper wire for
large elevation/suppression calibration instead of a switch as the -
Series B uses) to the Output codes tested, these test results and the-

improved specification can be applied to the Models 1153 Series D and
1154. The additional shielding will -have no detrimental effect on
the radiation performance of the Models 1153 Series D and 1154.

4.2 LOCA Test

* The LOCA test data supports an improved performance specification of
± 3.6x URL during an 185°F LOCA profile as described in Section
3.2. *This is a 2x URL improvement in the ± 5% URL specification
defined for a 2500F LOCA profile. The data is supplied in Section
3.2 to allow the user to evaluate the data and determine the
applicability of the data to their installed equipment. *, -

ROSEHOUNT REPORT D8600063 PAGE 23
~~~~~~* . '. . * ..-

* * * - * * - . - * * . ... . *

.~~~~~~

RO.ON REOTD60 6 AE2



.R0sEmoUNT INQ TAHMN
12001 TecMaO Dr ATTACHMENT ¢Ce

Eden PrFide, MN S5344 U.S.A YC REV: S
(612) 941-S58 YC 4 RV
T WX: 4310012 or 43 10 2 4

FAX: (612) 625X088 PAGE ##/0F 03t

Rosemount
Zuly 28, 1987

George Xengerle
Yankee Atomic Electric Co.
1671 Worcester Road
Fraz-ingham, MA 01701 .

Dear Mr. Hengerle,

In response to your question on the D86.00063 Icw level

Radiation and LOCA Test report section 4.2 IOCA Test

5hould in fact kead:

"The LWCA test data supports an improved performance
specification of + 3.0t URL ...... "

The + 3.6% is in error. We will change this in the next

re-vision.

If you have any fur'.her questions please feel free to

call me.

Sincerely,

e Sandstrom
Sr. Marketing Engineer

/jka

..

.
,~~~~~~~~~~~~.

'I-~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~;
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* ROSEMOUNT INC.

1200 West 7tf Street
Eden Praide. Minnesxqa 553M U.SA.
TeL. 1612X 941.5560

91WX910-576-3103 TELEX 29-0163 ATTACHMENT C

June 12, 1986 VYCt '67 RE V:.5 PAGE/OF 30

Rosemount
Mr. George Hengerle
Yankee Atomic Electric Co.
1671 Worcester Road
Framingham, MA 01701

Dear Mr. Hengerle: .

This letter will confirm our telephone conversation of yesterday
regarding your application of the Rosemount Model 1152GP9T0280
transmitter.

The T0280 option for the 1152 transmitter is intended primarily to
improve radiation performance; there are other minor differences
which do not affect specifications. All specifications for the
standard 1152 transmitter, as detailed in the attached Product
Data Sheet E2235, apply to the 1152T0280 transmitter as welt
exceot for radiation perfonmapce. The radiation performance
specification for the 1152T02g0 is as described in Product
-Data Sheet #2396, which you have. All othtr.specifidat1ons
IA that Product Data Sheet are superceded by those in Ptoduct
Data Sheet #2235.

The correct temperature effect specification for your 1152GP9T0280,
themefore. is + (0.5% Upper Range Limit + O.5% span) per.
100 F ambient temperature change. For a 011500 PSIG calibration,,
the specification is + 1.5X span (2:1 rangedown). Our testing
indicates-that results for Individual units may vary within the
specification, so I suggest that you not try to reduce the
specification for your setpoint calculations.

I hope this information is helpful. If you have further questions,
please feel free to contact Jane Sandstrom or.myself.

* . ;. SF,,r.Y, :.:. *.: .... ,~., -. , ;,* ...... . .-,'

Rert Each
Senior Manufacturing Engineer
Nuclear Products Group

ccc: Jane Sandstrom 805 S
Bob VandenBoom BOS

Enclosure: POS 2235
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3_TO J_ _. D__ _ _ _ _ _ __* Oate De-nber. f *W0tl
Group #. VYT 220/87

From .C.- - fenserle ,.O. 41o

Subject _ADIATIF -EROE 3157 SERIESM.S. f: _ _.

T RA8SSI$1TERS

EEFERENCES

(a) Letter, J. Sandstrom (Rosemount) to C. Hengerle (YNSD) , dated
July 6. 2.987 (Enclosure 1)

(b) Rosemount Report No. 88054, Low Level Radiation Test Report for Rosemount
nodel 1152 Pressure Transmitter (Enclosure 2).

XECUTIVE SUXMARY

Low level radiation testing was conducted by Rosemount for their 1152 series
transmitters. An evaluation of the Rosemount Report determined that a worst
-case error of 4-.125% will result when exposed to a radiation field of
1.2 x 105 rads TIDM To provide a degree of conservatism in the EQ-related
accuracy, calculations ±.2% will be used.

B-ACGROUND

:. Rosemount's published radiation error is +81. up to 5.0 x iO6 rads
(Model 1152) and +5% up to i.7 x 107 rads (iodel 11S2T0280). A. correlation
to lower radiation requirementsis difficult. Therefore, Rosemount tested
their 1152 series transmitter to 1.2 x 105 rads: An evaluation of-their
test is discussed below.

DISCUSSITOt

Rosemount selected four 1152 series transmitters for the low level radiation
test. These transmitters were exposed tq 1.2 x 050 reds. At various times
during and after the test, the transmitters were monitored for maximum
deviation as a percent of span as'compared with preradiation values. The
worst. case error was ±.125% of span.' For the test specimens, spun was equal
to the transmitters upper range limit.

As only four' tranmitters .were. tested,; it is ieemed prudeiit~ to providea. . '-,
degree of conservatism. As such, the worst case ertor will be increased to
+.20% of upper ranse limit.



October 6, 1987

R. G. Jsanu8a7
__ pace 2
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CoJOUCSION S

The use of ±.201: of upper range limit for VasLues up to 1.2 x 105 rads ls

conservative and reasonable as it dpplies to the Rosemount 1152 series

transmitters exposed to low level radiation.

w . - -.^ . , _-

Senior Ens5.neer
Vermont Yanicee Project

'-.- ro
fl. ?. Vitbert
Senior Electrical Engineer
Vepront Xa=kee Project

GRH/RTlLV/15 .250

Enclosure

Icc: * S. R
,. W

R.
H.
H.

L.
J.

P.

Killer
Thayer *
smith
cofske
saniuk
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George Hengerle z
Yankee Atomic Electric Co.
1671 Worcester Road
Framingham, MA 01701

Rosemount

Dear George,

As per your recent request for information please note
the following:

1. The long term stability Rosemount test report
78223 can be applied to both 1152's and
1452TO280's in terms of long term stability
only,* In this report accuracy is included in
-the stability measurement.

2. The Report on low-level radiation and LOCA
testing can not be applied to the Models 1152
and 1152T0280 due to major differences in

- components. Rosemount -has however completed
separate-low-level radiation testing on the
Model 1152,- these results can be applied.to the
Model 1152T0280. A copy of this report is
enclosed.

3. Model 1152 specifications apply'to the Model
1152T0280 (including Steam/Temperature spec)
except for the radiation specification.

4. Functional cycling has been eliminated as a
*- limiting factor in the Qualified life of the
. Model i153 Series Sts and D's and Model 1154'S.

Rosemount does not specify or support any
* Qualified Life for the Model 1152 or 1152T0280.

If -yu. have any,Xurther qqestions .6x just- w.ant to.
Pchinge 's)lutations .pleas4. -eel-fkee to.cal.l-- . *-.

Sincerely,. - *

fine Sandstrom
Sr~ Karketing Enginedr

Attachment: 8805A

I
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FACILXTY, VERMONT YANKEE
DOCKET NO.t 50-271

OOR no, .S12
REvrSIoN 8

APPENDIX II

SYSTEM COKP0NENT EVAWAWION WORKSHEET

'it

£33
ID J0.r PT-2-3-55&

ENVIRONMENT D'CMN2STATXON REPERENCE QOUALIFICA&TION OUTSTANDING
METHOD ITEMS

VARMETER SPECrFUr QALMIFIED SPECIFIED QUALIFIED

Operating RPCx-6H lY 001 004 Simultaneous Test No
Time RNCU-Ch and Eng. Analysis

ISHS-6H _ ,__

Teperature RWCU-20 250 F 602 004 Simultaneous Test No

fPeak)

Pressure XPCx-20 13 psig 002 004 Simultaneous Test No

(Peak)

Relative 100% 100l 002 004 Simultaneous Sest No

Numidity

Chemical N/A __-- -- __

Spray

Radiation 7 x 10
4

R 1.7 x 10
7

R 003 004 Sequential Test no

Aging 40Y 20Y Note 1 004 Test and No

Notes 2 and Engineering

Submer e3 A-nalysis

Subuergence U/A __ __ __ __ __

Component System
Pressure Transmitter Nuclear Boiler Vessel instrumentation

Manufacturer: Function
Rosenount Reactor Pressure

Modal or Types Services -

1152GPSER22TO280PB PT-2-3-SSA

Locationt
Areas Reactor Building - Vol. 20
Elevation, 2i0o

Flood Levels
Elevations N/A
Abiove Flood Levels M/A

Previous Worksheet No.: N/Ak

ATCWW 0.~~EWZ& f

R9o0%SO



QDR NO. 8.12
REVISION 3

B35 I
FACILITY: VERMONT YANKRE
DOCKET NO.: 50-271

I.D. NO. PT-2-3-55A

APPENDIX II

ENVIRONMENTAL QUALIFICATION WORKSHEET: DOCUMENTATION REFERENCES

001 Vermont Yankee Environmental Qualification Matrix.

002 Vermont Yankee Summary Report of.plant Environmental Conditions for
Environmental Qualification Program.

003 Vermont Yankee Design Basis Environmental Radiation Dose Specification,
VYC-193.

004 Qualification Documentation Review Package (QDR No. 8.12). I

AffA CHm ENL..Yml, .A•J/ .A.fa

2637RPGIO



FACILITYz VRMONT YANKEE
DOCKET NO.: 50-271

CDR NO. S.12
REVISION a

APPENDIX Ir

SYSTEM COMPONENT EVALUAtION WORXSKEET

it I

537
ID NO-: PT-2-3-55B

ENVIRONMENT DOCUZENTATION RZ ERENCE QUALIFICATION OUTSTANDINo
_ETNOD ITEKS

PARAMETER SPECIFIED QUALIFIED SPECIFIED QUALIFIED

Op-rating HPCI-6H lY 001 004 Simultaneous Test No
Time RWCU-6H and En.g Analysis

IES-SR _

Temperature RWCU-20 250PF '002 004 Simultaneous Test No

(Peak)

Pressure EPCZ-20 15 psig 002 004 Simultaneous rest No

(Peak)

Relative 100% 100% 002 004 Simultaneous Test No

Humidity

Chemical N/A -- _ __ __ __

Spray

Radiation 7 x 10
4

R 1.7 x 107R 003 004 Sequential Test No

Aging 40Y 20Y Note 1 004 Test and No

Notes 2 and Engineering
3 Analysis

Submergence N/A __ __ __ _

Components S
Pressure Transmitter

Nanufacturer:
Rosemount

Model or Tye S
1152GP9E22T0280PB

Location:
Areat Reactor Building - Vol. 20
Elevations 280'

Flood Level:
Elevation: K/A
Abive Flood Levels N/A

Previous Worksheet No. s IA

vstemt
Nuclear Boler Vessel Instrumentation

motion:
Reactor Pressure

arvices
PT-2-3-55S

._

-mr~KD OEC
g~y~5I

R90%350



QDR NO. 0.12
REVISION 3

B39 1I
I

FACILITY: VERMONT YANKEE
DOCKET NO.: 50-271

I.D. NO. PT-2-3-55B

APPENDIX II

ENVIRONHENTAL QUALIFICATION WORKSHEET: DOCUMENTATION REFERENCES

001 Vermont Yankee Environmental Qualification Matrix.

002 Vermont Yankee Summary Report of Plant Environmental Conditions for
Environmental Qualification Projram.

003 Vermont Yankee Design Basis Environmental Radiation Dose Specification,
VYC-193.

004 Qualification Documentation Review Package (QDR No. 8.12). I

ATTACWW •-1 -ME~LZWA-

2637RPG12



FACILITY: VERMONT YANKEE
DOCKET NO.: 50-271

ODR NO, , 1
REVISION 7

APPENDIX I
SySTEK C01ORMONN EVALUATION WORKSHEET

I

B41

ID NO.j PT-2-3-55C

ENVIRONKENT DOCUMENTATION REFERENCE
QUALIFICATION OUTSTANDING

METHOD ITEMS
PARAMETER . SPECIFIED . QUALIFIED SPECIFIED QUALIFIED

Operating HPCI-6H 1Y 001 004 Simultaneous No
Time RWCU-6H Test and

NHS-6H ,Eng. Analysis

Temperature RWCU-21 250°F 002 004 Simultaneous No
(Peak) Test

Pressure RWCU-21 15 psig 002 004 simultaneous No
(Peak) Test

Relative 100% 100% 002 004 Simultaneous to
Humidity Test

Chemical N/A -- --- --- --- --
Spray

Radiation 8.8 x 104R 1.7 x 107 R 003 004 sequential No
Test

Aging 40Y 20Y Note 1 004 Test and No
Notes 2 and 3 En&. Analysis

Submergence N/A --- --- ---

I

Comoonent:
Pressure Transmitter

Manufacturer:
Rosemount

1152GP9E22TO280PB

Location:
Area: Reactor Building - Vol. 21
Elevation: 280'

Flodd Level:
Elevat on: N/A
Above Flood Level: N/A

Previous Worksheet Number: N/A

System:
Nuclear Boiler Vessel

Function:
Reactor Pressure

Service:
PT-2-3-55C

Instrumentation

VM0""?DEa~r2HaQ

CA=UIDOmn V~c -fci

A-~KcAV,

0632T/18 123PC7



ODR BO. 8.12 B43

N REVISION 3 I
FACILITY: VERMONT YANK.E
DOCKET NO.: 50-271

I.D. NO. PT-2-3-55C

APPENDIX II

EPVIRONMENTAL QUTLTFICATION WORKSHEET: DOCUMENTATION REFERENCES

001 Vermont Yankee Environmental Qualification Matrix.

002 Vermont Yankee Summary Report of Plant Environmental Conditions for

Environmental Qualification Program.

003 Vermont Yankee Design Basis Environmental Radiation Dose Specification.

VYC-193.

004 Qualification Documentation Review Package (QDR No. 8.12). I

1PXVS~~~-
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ODR NO0 8.12 B45
REVISION 7

FACILITY: VERMOhT YAfNKXE
DOCKET NO.: 50-271 APPENDIX II ID NO.: PT-2-3-55D

SYSTEM COMPONEUT EVALUATION WORKSHEET

ENVIRONMENT DOCUMENTATION REFERENCE
__________________________ ________.__ _ QUALIFICATION OUTSTANDING

METHOD ITEMS

PARAMETER . SPECIFIED . QUALIFIED . SPECIFED QUALIFIED

Operating HPCI-6H 1Y 001 004 Simultaneous so
Time RWCU-6H Test

lSWS-6M

Temperature RWCU-21 250°F 002 004 Simultaneous No
(Peak) Test

Pressure RWCU-21 15 psig 002 004 Simultaneous No
(Peak) Test

Relative 100% 100% 002 004 Simultaneous No
Humidity Test

Chemical N/A --- --- --
Spray

Radiation 8.8 x 10
4
R 1.7 x 107R 003 004 Sequential No

Test

Aging 40Y 20Y Note 1 004 Test and No
Notes 2 and 3 Eng. Analysis

Submergence N/A --- --- --- --- -

Comoonent:
Pressure Transmitter

Manufacturer:
Rosemount

Model or Tvres
1152GP9E22T0280P8

Locations
Area: Reactor Building - Vol. 21
Elevation: 280'

Flood Level:
Elevation: N/L
Above Flood Level: N/A

Previous Worksheet Number: N/A

system:
Nuclear 0oiler Vessel

Function:
Reactor Pressure

service
PT-2-3-SSD

Instrumentation

MVER1 MOONWJDiNSWG~~4

C~JX&lOel ,/4s

ATA2W40'6 O 5

0632T/18 .23PGS



QDR BO. 8.12
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B4? I
FACILITY: VERHONT YANKEE
DOCKET NO.: 50-271

I.D. NO. PT-2-3-55D

APPENDIX II

ENVIRONMENTAL QUALIFICATION WORKSHEET: DOCUMENTATION REFERENCES.

001 Vermont Yankee Environmental Qualification Matrix.

002 Vermont Yankee Summary Report of Plant Environmental Conditions for
Environmental Qualification Projrim.

003 Vermont Yankee Design Basis Environmental Radiation Dose Specification,
VYC-193.

004 Qualification Documentation Review Package (QDR No. 8.12). I

cV8 uMr0NTW n VMeX- MM
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VYC-467 Rev. 5
AITACIR ENTD
Page 1 of l0
Rosemount 710 DU MTU Data

, ODEL 710DU
TRIP/CALIBRATION.
SYSTEM

PRODUCT DATA SHEEr 2477

' 'alified for-nuclear applications.
For use with 4-20 mA process transmitters and three wire

100 ohm platinum RTD's.
Provides up to 8 precision trip points per sensor signal.

Mastertrip points repeatable within 0.13% of cafibrated
span for4-20mA process transmitters.

Uniqub calibration unit permits rapld display and
adjustment -of trip pblnts.

* ~~Ex~e~3i9.ioa1Iy reylable modular deifgn.:
I '

I

a .

Rosemounts Model 710OU Trip/Callbration
Systems continuously monitor critical process
parameters and provide highly accurate alarm action.
As many as eight precilson-calibrated trip points can
be assigned to a single sensor chsanneL Any trip point

i be quickly veried or changed.

The system consists of a Card File with a plug In
Calibration Unit and space for up to twelve Inter-
changeable Trip Unit modules; Theso features make
Model 7100U Systems highly flexible. simple to
Install or reconfigure. and easy to calibrate.



VYC-467 Rev.5
AlTACHIMENT D
Page 2 of 10'
Rosemount 710 DU MTU Data

Stable Current Ten-turn potentiometer adjustsSPECIFIr CA TIONS current which replaces sensor Input to Masterl rtp
Unit.

af

ELECTRICAL SPECIFICATIONS

Power Supply: 24 VOC (nominal) power required.
Inputs: Two-wire or four-wire 440 mA transmitters or
three-wire 100 ohm platinum RTO.

Current Drain

Master Trip Unit: 260 mA
Slave TrIp Unit: 225 mA
Calibration Unit: 225 mA
Readout Assembly. 475 mA
Transmitter Loop: Umited to 100 mA

Outputs Independent 24 volt signals for each tip
output and each gross failure output circuit can drive
external relays (24 ohms. minimum).
1 to 5 VOC auxiliry ana*ig signals proportional to each
sensor Input can drive external loads (1500 ohms. mird-
mtum).

TRIP UNIT ADJUSTMENT AND CONTROLS

Trip Point: 10-turn, screwdriver-slotted. precision
wire-wound potentiometer on faceplate.

Trip Reset Differential: Single-turn potentiometer on
circuit card.

Trip Logic: Switches on circuit card select trip output
above or below trip current level and permit trip status
lamp to be on or off in tripped mode.

Gross Failure LUmits: Single-turn potentiometers on
circuit card for high and low current levels.

Gross Failure Reset: Push-button switch resets gross
failure circuit.

Frequency Response: Single-turn polentiometer on
circuit card for 4-20 mA Master Trip Unit.

Zero and Span: 25 turn screwdriver-slotted. precision
metal rilmpotentiometeron circuitcardon RTO Master
TrIp Unit only.

dnearltr S1ngle.turnpotentiomnterbn circuttcardon
*-: -FIT MaisieTrIpr Un~t-onty -* * :

Indicator LEDs: Trip status and gross falture LED on
faceplate.

Test Jacks: Signal Input and Auxiliary analog output
voltages may be read with external meters on Master
Trip Units and slave Input signal on slave trip units.

CALIBRATION UNIT ADJUSTMENTS
AND CONTROLS

Power. Onfoff toggle switch for 24 volt power to
Calibration Unit and Readout Assembly.
Transient Polarity: Positive/negative toggle switch for
transient current.
Transient Current: Single-turn push/pull
potentiometer sets and engages transient calibration
current

Channel Selector. Dual push/pull and rotary Switch
selects Master Trip Unit channel. applies calibration
current. and selects Master or Slave Trip Unit for trip
current readout.

Digital Display: Readout Assemblydisplays calibration
current and trip current.

DIsplay Reset: A trip current display reset button
reverses the latching logic for the trip current display
and trip status LED so trip current can be read for
reversed trip status logic.

Indicatlion: LED on Calibration Unit lighted when
system Is In calibration mode. LED on Readout
Assembly lighted by trip status signal.

Test Jacks: Signal return. trip status output. and
transient trigger may be monitored for time response
measurements.

PERFORMANCE SPECIFICATIONS

Trip Points: Adjustable from 4 to 20 mA±O.01 mA. Re-
peatable within .13Y (0.20% for Slave Trip Unit and
0.75% for RTD Master Trip Unit) of calibrated span for 6
monts under normal conditions. Reset differential adjust-
able from 0.5 to 7.5% of span or from 0.5 to tSY of span
forthe 15% resetdlfferential option.

Gross Failure Umits: Adjustable from 0.5 to 4 mA (low
limit) and 19.5 to 40.5 mA (high Limit).

Analog Meter. 13% full-scale accuracy.

Auxiliary Analog Output: 0 to 10 VOCD accurate to
within 0.15% of span of the calibrated 1 to S VDC under
nornsal conditions. Frequency response adjustable
from 0.8 to 8.0 Hz on 4-20 mA Master Trip Unit only.

Sltble Current: 3.50 to 20.50 mA + 0.005 mA.

Transient Current 0.50 to 20.50 mA ± 0.05 mA.
Oigital Readout: Oisplay Accuracy:

00.00-20.00 -0.01 mA
20.01 -30.00=0.05mA
30.01 -45.00=0.1OmA

. Resolution: 0.01 mA

Pdwir SuppyI Ranbe: 22-26 VOC. . : I -

PHYSICAL SPECIFICATIONS

Card File Dfltnalons: 19 W X 6-1/32' H X 11 D.
File Space: 12- file centers for up to 12 MasterorSlave
Trip Units plus a Calibration Unit All unitshave captive
screws for securing to Card file.

Field Terminals: All connections are MIade to barrier
strips on the rear of the Card File. Screw terminals are
sized for NG spade lugs.

Analog Indication. Master Trip Units have 1-314W
vertical meters scaled In appropriate engineering
units.

Flnish: Flat black with white letters. baked enamel
paint
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Tab1 r 2

Trip Point Repeatability Specification

curing tbe Seismic zvent

Trip Unit
Type

4-20m
Master

RTD
Master

Slave of
A-20'P

Master

Stave of
RTD Master

.Trip Polnt
pepeatability
Specification

_+O.37 SO

_tQ. 20t

&0. so0,

.4.

I

Pi

Itosemount RIEPORT D1A20O'3
7



.P.01 .
P.1/4MAY- 7-87 V!ED 8:560 VYC-467 Rev.

1W OG s97 9-3.:5W IM2SUMM HLKUMVt A'rlAtHNWEN D

-Pag6 6 oflIO
Rosemount 7 10 DU MTfU Data

Ij~e quaclification test ro~ults vrer fulbj~etea to,

4 10g - tern erbat)te evsnt, *The evenZt tqplpa'rattq# mp

P-S (Eeet~vo ZItmMOty-1 for ai~c b~oars Collow# by IGS

for ei~1bt hourwo

d.2.1.l Twat Pertormflee pavlatlons-

* Se~fveral tunis during tbo teat, Cho trip output of

units in 3povitiona 4. Vs and 12 canged state ari j

* tbat ccozditicai WcLl they w~ere reset at the hiext C

check. These trips were a rasul~t of 1h~vIzig- +he op~erate

Wat~ta CJLCS* to tie trip points and do.I2Qt cCCmpromrite I

A imulated

210 or/ox*

W'r/aS# Vs

tbid tr!ip

remained in2

ma1hrxatioti

:i21 points

k Lct102 of the 710W., *8:

Table 3 abows the trip point rvepatobi2fty specificatlona

and the 016taftie btweqn the *ParAti1ng Pcint and tbe trAP Palat

In~ each trip unIt durL;9 tise tempearature event test.

I ....-.. .I
.v@

flub~cwat WZPORT D200037 
Ar2

PAXE 23



MAY- hU2 W1ED lwtso

Oprating 145.i

* 'f~~~trp uitg 7WIPiI
* I~~~~~~~~or peal

Type Gpecia

4-20MA
Kantetr tLO.4*

* ~~~Slave Of

-a -~ ~~Hoter 06

Sieve of

The trip unita whicii tripped 4

vwoe operating~ closer to tbi

5 ~ abL~.it pec~fiogtion for

* The )'k8%lts of tubs text

Am~i~t with a etoble Itput t

* thae trip Koiit. thian Sta *pecui

even wben the input ieftnal

trip po~int as moeature by It

t~ba trip points Pteacured Our

'Within tlhie requimrd.11fStit of
t~ol l CLu t. ComProMICi0 by tbi

e vent tet

* "O"820unt~ VEPORT~ DOI2C007

VYC-467 Rev. S
ATIACHENT D
Page 7 of 10
Rosemount 710 DU MTU Data

P. 02
FP 2A4

a
w'ent went

iablitty
Ficatian-

V&CtaZl4c* FroZ~
"pritng I'oint

f0,5*

+00751

4-0 * S

*0.151

lariing the twmerupZ't~3 avant test

atrip poiht thazn tbu trip ]point re-

tlbat trip =Xit.

s1bow thet It is poxsaibit for a trip

trj~p when Lt Is operating cloier to

.ied repeatability. This Is true

bian not actually rAusacd t!Rrowb ~t12

Uqg.tbe texparature event tast war&

repeatability,, th. F1ODIJ qualifiva-

folu~ trips Curing the temperature

. .0

jp^xq24



.1I

wi'- -~~~~~~~~~~~~~-~~~~ ~~~~~ ~P. 03
~ '97 03'fl ~L~W~UXU~I~VYC-467 R~ev. S

ATTACHM4ENT D
Page 8 oflO0

C ~~~~~~~~~~~Rosemnount 710 DU MTU Data
% 4 ~~2.2 T-emIr&attro Event quaSILrictLet

The 710DU 4ar qu"1lfled to tbia tmp.erture c'tnmt V=EA]4w

gbovn An ftguro 6. Th. profile Ln ftyux. 6 dou. not LncaItw the

ILOO m~argin requtred Lu:in IRM S 223-3974, Txrp poin~t repwate-

bility wpowificattLob 6=lang the tmperature &vent are ANDOig1In11

T~able 3.

IMPJO3~T D8200037 !A~2PA 5



hAY- 7-97 WED 9:S1
r df Sgr 03----;9 MsdcO Ttwx yC-67 Rev. S -

ATTACHMENT D
Page 9 of 10
Rosemount 710 DU) MTU Data

6 qua~~~~~~~6ww= AcOXmE1z Twzh1ImE flPZL

I . '

2a 1 I.i0 .

P. 04
a. Fe 4."4

19

100

IS

IS0 -OE

11 %614.0

ki

z1oo

80

70

---- ----- - Iw
I

,rite IK MIURS

I.. I~~~~~.

Tff &RATUR COLVE
"q-- * RELATIVrE MMI1DMT CURV

.1'
. 0

0

Rp IT REPOP 0 6Z0U037 F ~FAZE 215



h.

'VYC-4467 lRe'V S
ATTACHME~NT D
Page 10 oflO0

Table A
Trip POint PepeatabilitY
During~ tbc Pad jaticn Event

;

QDR 5 .1
REV.3 Trip Unit

Type

4-200UA
Master

WID
Fla ter

i.Slve Of
4-20mA

Master

Slave of
1RTD Master

Trip Point
Pepeatabi1 ity

.;Lo .5S

+0 .6I

I1

Itosemount REPc)IPT VI0200I31
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You'll Think They're Custom Built
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C.

QDR-32. 1

"MIL- QUAL"
MODULAR POWER SUPPLIES ;p
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,. ,~~REVISTON O

In addition, a preliminary screening of a partial Qualification Report raised
many questions concerning the qualification. Finally, the NRC has conducted
an inspection of the Nutherm facilities on November 16 to November 20, 1987.
The Inspection Report (Reference 4), Docket No. 99900779/87-01, states that,
"The implementation of your Quality Assurance (QA) Program failed to meet
certain NRC requirements."'

Based on the above, it is concluded that Regulatory Guide 1.89,
Position C.6(d), which states, "Rejlacement equipment qualified in accordance
with the provisions of Section 50.49 does not exist," applies to the Vermont
Yankee power supplies. Therefore, the qualification of the Technipower Power
Supplies will be demonstrated in accordance with the Department of Operating
Reactor Guidelines (Attachment 4 of XE Bulletin 79-01B).

Part 2 - Eguipment Deacription

The reviewers have prepared the following description of the equipment being
reviewed. Source of data is:

1. Technipower "Mil-Qual" Modular Power Supply Catalog No. 8220-0003.

The Technipqwer power supplies qualif ied by this QDR are PM-9S series units.
The power supplies are the same as Catalog No. PM23.3-6.0 supplies, except
they have'screw terninations in place. of standard solder terminations.
Technipower has assigned P/H 227-8563 to this configuration* (see QDR Page F2).

The PM-P5 series are series-stabilized #c-dc modular power supplies qualified
* for extreme MIL environments.-.

In addition, they are fully encapsulated and sealed against moisture and dust
(see QDR Page A14). It will be shown by this QDR that the extreme MIL
standard testing performed on these power supplies (see QDR Page A9) envelopes
the Vermont Yankee plant requirements with margin. Traceability of the tested
power supplies to the installed PM-25 series power supplies is found in the
Certificate of Compliance and associated documents in Tab F (QDR
Pages FZ to F6).

The Technipower PM-95 series power supplies provide 24 V dc output required
for the Rosemount trip/calibration unit'afid Agantat relay; in the Reactor

*. Potectioa jystem, . . * . *. .
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Itepestftalvo modes were aubmitted pomorit te
Ats p pcat modules hwe be d meen t d hnt of

N/ .AT'P4S5s. OeDtermntilon ct UfW lest pVdcuesq was made by
analyzi the requlsements of eight applicable MtIL IICS:
MrL4I04)20. MIL8104110. ttL4.42?*A UIL4E4Z?2. MtA"-
5400G. 1H. ULA1,64WF. MIlUT4200 sad Ml4AtOAGIA.

Each environment cor4tion was tested under lb Mosg gWous
stficatmt. awssug that Itc applicable fequfleern would tb
Ftuly met. Technspower manufactures In- accodnmCE with MIL..
p45206

t!ECTROMACNEVIC INTERFSRENCK (CtMIURPI - Samples
tlsted indicate that the PM425. F4 1itS Sakes will mnet the
foglowlnt:

WJLSTOAS1A psr Yest Method SMI.4t0 462 ti:
Conducted snd tniteitaifd WhIJ - Limit CEOS. Notice 1.

3. ttmit C20. Notice 4: tim't tRE02. Notie 1. 3. 4.
Stasceptbill4y lt Conducted & Radiated EMIlRF1 - Uthi

CSOt. NotIce 1. 3: Limit Csa2. Notice 1, 3: UmIt CS06.
Notice 1,3. 4; * timt RSOt. Notice t. J. 4; Limit tS02. Notic
., J. 4: iSOS. Notice t.
hIL4.16311UC. Paragraph 3.61 and IA.2. and MIL-tA14IID.

Paraaraph 4.4.1.1 VIZ:
Conducted ind Radiated EMlRFI - In a propety shielded

enctosure. Interftererce measuring satsens were positioned
too mazxrnumrpicl-up. Wth modulte opecrltng. readins wore
tafen In the peal function ot the measurIng Itnsttument. con-
ducted RP Interference was measured in the Irteuency rango
0.15 to 30 MHz: radiated AFP Interference ovtt the mnete
tJ Hzt 1 GHz.

Measuements werte within the limits pattiePbed In the refer.
enced speC11c14on1S.

suscep'lbilily to Conducted EMII0 - tn the same sbheldecl
.nclosu'te 100.000 WV moduhttd 30% over a trequency range
15 XHz 1Q80 GHz with 400 Hz applied tetse input Olnes of the
operaloig tesi modules. The samples vere Monhtored tar
change In CC oulput and Increaft int rpple.

7.sts indicated no degradatlon. dottefrlaatiat. ot mxatunO4
tian of the modiues.
SHOCX - Modules wert tested In accordance with procedures
given In MtlL.E.5400H4. Mtt...164tOF. and MIL4-3.SOC. Class
1. lightweight. Type e. Modules tested were mounted using
both header stu49s snd case Inserts.

1h1g lmpsct - WitA apparatus as described n toft. 1. MIL..
5401C. 400-ttt. hemmer dcrops of 1. . an4 S feet were applied
to test modules In ditcfonS Of tSeIl thre# major Ase.

Sand drop - Modules were subjected to three 1S Shocks of
I SIMs eGah. In both dtrecllons of the thre Major axes 1I total
Ot 15 shoeks).

Test modules showed so eJVdnce 1 orfartlot in o ebtcut
tvels. not any evidence ot extirior damage.
VIBRATION - Modules were tested In accordance with pro.
ctdutes given In Mlt.St54t. Figure 5. Curve 1. and In-
M.4-E t400F IMlt.T11 167. Typ 14 Modules tested were
mounted using both header ltudt gndt csse Insens.

W * , Tet modulhs werd vibrated in te M dirltcns ot their three
' ailor axes.,t I to IC HL a8'Ccqble'impilu~C. and Al 10t.1
8a00 tx ast f0. estended to 2000 HI at 10a. Resonant points
were determined and vibration tated On at those points snd
at tsopt frequencies as spocified. The modults wee further
vibrated InS planes. 5 t3 ML .AC0 double amplitude. Input
and Ouput voltage. and tippte. were monitored before and
during the testing.

Regulation, ripple, drop Gut voltage, and Insutatfon elsts-
Iasce at the modules Wert aot altected by the vibrahtet.

TEMPISRATUutf!-I &oduljis wer tested hn ;ccordance with
pFrCedures gen fin R tIL--1640-0, Chass tf, end kt MI-
1270 Piroctdure ff. viza

Ron-operating - Tbst modules ware held at -62'C for 72
houm +?50C for 4 hours, then +25'C for 4 hours. then pIA
in operation. #asurements for regulation. ripple. dropout

EIGHT MIL-STANDARD
REQUIREMENTS WERE

rESTED UNDER SPECIFIC
IONMENTAL CONDITIONS

Voltage, and inMutation resislane1 wet* made Wefore snd slter
exposue.

opeaionattl values showed no changa before and after ex-
posure,

Operating - Test modules tn operation were held at -4*C
for 24 haoug, then by 10C0130-rmnute Staps to +65*C0 1or 4
hours. then by 10IC/30.mintste steps ba +26'C for it ourm
Measurements fot regulation, ripple. dropu Voltage. and ln-
sulatfon resisuance were mud. before snd after expsaure.

Operational Values showed no heange belore and aftsr ex-
posure.

Nigh temperature operating - Operating modules were
t13ted at +50 (for regulation, ripple. dropout voltage. gnd
Insulation rtes~tance. then placed ft4r hOUr tn A --7t*C lest
chamber and similarly tested. The modules were then allowed
to return to +2*5 and again tested.

The modules wete unattected by cycling through a high
temperatuere arwitrment.
TEMPEMtURE-AtttUOZ - Modules were tested In afccr-
dtace wite procedures given In MIL44272C. PFtcedutr t (ex.
tended la I0.Ao altitude), vlZZ

Aodules were checked at 4Z5 for reputation. rtipte. drop.
out Voltage. and InsulatIon. They waer then subeoted to the
prescribed reduced-temprature/ltImC amnblents. ranging to
-4f1C. and operated. showing no vulatlon trom pretest dala.'

Mtodules were then subjected to prescribed I& h-temnpot>
aturettIme cycles. ranging to +6SSC. and operaled. showing
no variation.

Modules were now subjected to cycles equivalent to 3001
40.0001M 3J5C/S0.00C. and sale/ tO40001. operated and tested'
ater, each cycle.

Ther was no indication ot any varIation In the aperadtin of
shq modules due to changed nvroTnenlaiconditions de-
scribed.I

TE(MPRATMRE SHOCK - Modules were tested In accordance
with procedares given Mit.-E-5272C. Procedure 1. e(z

rest fjomures were subjected to +*5.C14-houtr. then
-40C14-hours. 3 cycles. The units were pejritd49And Intsa
surements taken fot uegulatlon, ripple. dropout .vatae. and
Insulation rsistance belore grid after the environmental shocL

Al conclusion of test there was ro appreciable change oram
ore-lest values.
HUtMIDITY - MOdules were tested In accordance with proc4.
Cufes iaven in MtIA-.27M Procedure 1 (240 hours). vlJZ

Test modules were subjected to *5% relt4ve humidity with
temperatures ranging from +200C to +71#2 end bAcle to
+20'C. la ycles.

Measurements for regulation. ripple, dropout vOltage. gad
Insuaton tdststanca Indicated nto change betore snd after ex-Fosurs
SALT SPRAY - Modules were tested In accordance ';rim pro-
cedural given In MIt-E-5271C (Fed. Std. 151. M'.thd all,
Procedure 1). ,i.

Test modules were exposed to IS "am of continuous 5%
salt sptay aC 4410. They wore then Weshd Int tresh water

and oested, then tested agatn etter a 44cur( dlyli; p40od.
Nc before-ater vastailon In peration ws * toted.

f.IMSRSION - Modules wet; tested in acacrdsane iih pr
cadures given in ntIV1202C (Condtittn A). Methao S4d

Test moules wora Immeed In esh waer at 650C for t6
mndutes then fresh Water at 1S'o for 1s mInute The pro.
ctdlre was repeated and the ntits allowed bo dry for t4 fouts.

aelore and astfe testu showed #o varIatIon in opertton. .
The results of the testun product art given In Yolkrt As.

ssixch Corporation Resort YT46A and Harden TeSt 29441R*10
and thus certivy that the PA 9S. F-FP-ItS Sriers $Moules are
JURy uatifited for operatIng mu"ty enronarentl applleC
lion Cooies of these reports giving detaited deScrAPtIc" of
the test programs are cn fitl M t Techntpwer sad coPcis we
svollble an quest.
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r MODELS mmal Referen6eData-See Pages 64-55. gpj 0
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output aut Cute Ther. Ou4twt lit Tho f1

toa: Jet. S e "Al M e~tas Stadard madeta out O.V. vitse I: Lir. Stu 'W Models4413 Sa ulir Ue9tte ug IV

1dl1st tit set*%Uwaq7 u0%Acumaq RL Wo. Allust. rust (see =IAS5, OCarq a0A% 04cuurnc lett. eut

lie (aMP" eW:) model Mo.del K.. Itaut (mpsl .1 Mde Model Ko.

15.2-1ILS 0*o00A PU45A44.1ou P1-15*.8100 I C

15 15.15 e 200 6 a 1.-15U 4.200 pu.l.to2 o 1 C
15.2.165 "Is75 C P145.947 I15.27 2 C

15.2.5 0J50 . o tP145J401 P114U.9302s 2 C

*S.24 t.5 r Vr 145.f 44A r 1 4.8.t 6 C

5.2.-16. 3 CA PU 1 4.15A 44 1T L . 0 7 C

15.2.5 6.0 co P1(5.94AA PU-IS.A t C

151-16.5 12.0 CC PU-5.842.OA Pt1 5.9.12.0 s I

15.2t16.s 2. co Peo 15J-25A1 -U15A.25S to If

16.516.5 0t A 117.54.14= 117.54.1X 0 1 C

19-1945..5 0.23 0 c PU-l7-s-OJ A M17454 2 C

16 546.5 e SO 0. P1147. 50 U17 14 J. 4 C

1 6 .5-165 1.5 C 6 P1 .5. 1 PW 147.5-LJ 6. C
1,6.-393 3.0 CA P131J-3 M1t7.5.31 7- C

165.15.5 La Cm 19.4744 e A 1147 4. c

1654465 12* CC U.17..12 A IPM1.1-12* 6 K

14.5484 25A co Pco75 *. P1474.25* to MH

16.2.2 .100 A A P1 49 .24.100 P11.24103 1 C
145-20.2 6.200 3 PUit-2..24oAA pu4.4 1 C

1a4.20.2 en 75 c 7 4.1027 P1-.24.75 2 C

165.20.2 0J75 0 -1t.15.24350sA 1-1.24.50 4 C

Ls-20.2 33 C C F&1115.214 P121 21 6 C

I1.5 .20.2 3.0 CA P1441.a2 1 P14152.24 * 7 C

185-20.2 .0 cS PM.10.24*A tP1&24.0 8 C

U.5-to.2 IZA CC rY 1 2- 12*12 1*1480 - K8

18.5Ot.2 25.0 CO a 1484-*A PU-11442.. 10 H

20.2.222 0.100A A 2M.22400A P21124.100 1 I
20.42J 0.2009 s PUl24l.20A IP4L24200 I t

20.2.32. 07 C M 21.24b.375A 1-21.21475 2
20.2.22J 0J50 rY 22.214.750A P1-1.21440 E
20.2422.3 1.s C PM41.2-1.5SA. P11.21 6 *.
20.2.1. 2.a CA P1-21t 24* 1214-S.f @ YA- C

20.2-n22 6.0 Cs Iu4L24.A PrM2t.214* S t

20D2422.3 12* * CC r 1 41.242.01 P14 1.12* * M

20.222.3 2s.0 Co. Pc(-2.2.25.A P11211.225 1o M

22.3.24.4 -0.10o * G -2334-030 P1.2±34.0100 1 t

2.2.24.4 O. a e Pr-2s324.2001 P134400 1 t

22.724.4 says C P 2075A P.213.4J375 2 C

22.3-24.4 c.75s E PM-21 4.750A P1-232"50 4 t
22.-24.4 1.5 C PM.2**.L1.5A ?1t22.2 4 S C

P3.24A4 3. CA P 25 343.. 01 P 1 .23.23 * 71. C

322.224.4 6 *0 CC V1123.3..01 2934334 8- <

22.3-24.4 1*.0 CC P1233142AA Pg 2342.0 h
22-2.24.4 25* CD GorM432.5SA PM123450 ICA H

24.4.26.9 0.1009 I PU24100 rw2s74100
24.4-26.8 0.200 e PC-234 1 1F2174C0 *
24.4-26s4 0e75 A 0 157-4j751 F-2&74275 3. 3
24.4-21.t 0.7J 0 E 12 3.74.750c2 ri 534 15c 4 t

24.4-26A 1.5 I P1-245,7.1 1 P14s5.7t.S LA t

24.426.t 2A CA 114-25.74A P14s.7 TA C

244-26.8. LO * C * t4AA 1145.74*0 CA a

24.41 A t 0 CC ? -25.24 1 112S710 CA 'M*

24.4-21.6 25. *C0 fM.2.7 4LA rMP =745.1 10A - I

2c.t4bt.2 0.100C d l4204.OOA 11"2I0 t e

2t.-23.2 0100 C P.2L"4. 0A P1414 0 1. C

26.6-21.2 0*75- e 114X4.57SA P112LO-O 7 3 'C'

26.6-21.2 0 SO C fu4s.04 s1 1 325*07L 0 C C

26J.-27.2 15 C 11-2t -5JA 114604LS fA C

26.6-21* 2D CA 114.2*4* P11.4LO. 7A C

264.-2.2 CA CS 14046*A44 1112tA I1G C

26KSA 1t2 Cc PM121.2642A tY- 2P14*2 GA K
261 4.2 65. Co Pk.2it0251AA * 14L0 10. M

29.2-32.7 0OW A A 11.31.4.*50A P144F 1 5 1 C
2i.242.1 0.100 C P*141.1SOA 11414.100 1 C

2S.t423 0.200 C tU4L54-.2C0A P114134400 - . , C

29.2-32.7 0.75 0 a F.3I54J7SA P13414.2375 2 C

25.2.32.7 0.750 r 1 W.34tJ 1 1 4.14 S C

2s5423 1.5I C S e 1t.S4A . p"14.5 . . 6A C

23.2423 3.0o CA 11414.A PA13$.2 2 71A C

29.242 3 6.0 Ca P1131344 1 P31.5 4 * IA a

2S.2.32. 12* C 43412.01. et 41.3.12A IA H

35}43S.2 GAWo A

3746.2 0.200 C
32.7419,2 0.275 0

32.76*2 41s5 C
22.7.26.2 2.0 C A

3 2 .7 .2 6.2 6 4 C
27.4u2 es Ca

SL74S' 12 Cc

P1134454.1001

I't444.0.2mA
PM-.344."7501

1,944.54.1.3

PF144-1-4.01.
P,4 .5.GA 01

P14444*50
1114444.100

lp114444*00

P11344.34
.P144.$"

JPMfi12,v0

1 C
I C
a C
fC
S C

AC
7A HGA. C
GA. 3

-

D

,te ?1

431*0..44 0.050
361.240.0 0.100 6
32 1*40 0.2 00 C

* 36.240* 0e7S 0
36.240 .0 f
321244*0 1.5 C

36*240* .0 CG

4.240 12.0 CC

FM-346.414=A
P11-38*4.1001.P*38.04.0A

P11498.t.SA

P11483.0-*1
PSWA-GAA

* S -UA-II

I11.4*A41AS
111.33 04100

11 4.3 3 4 .2 0

114-3SA*4.37fU470P1148*44

nosed.
tar .21n 4*P1.2.02

I
£
2

.3
S

to

C
C
a
G
C
a
C

11
Mt

4 0.0 eoso 0 *0 6 P1142 .04 .050 P114 2*c 4 .0 1

40n0-44*. 0.100 C P1442A.OJ0A 111-4424.O100 I

4044* 0.200 0 11142.04.20 P142*4.20 2

40A44. 0.375 t PU42o047X1 .2*4JIS 3

4*044* 0.O0 F r 42A4.750A P.42*4.50 6

40.0440 1.5 CA P142.0.I4 P142*4.J5 7

4cA.044* 3* CE rP*42."A P1M42*4.0 e

40*A44. 6. CS PU-42A4.A P142.0L0 1

40.0-44A 2.* CC rY-42A0eL0 PM142.0.12A 10

44:*48A 0,o50 I PM.45*.050A1. Pif4G *50 I .

44048* 0.100 C '14¶46.4z.l00a PM146*41.00 1

44*6* 0.200 0 P.46.041A . P14.4* 2

44*48* 0375 *G * P1414*4751. eM45,0JIS 4

44.0-4n 0.750 r ru-46.0.0.7501. PM114*0.750 6

44A4.0 1I CA P-4&.0.41 P46.04-1.5 7

44.0A- . 2a. CS 1146.0.A P146.030 6

44 8.0 6* CC 1fY 41*4. 1146A4Al4.0CA t

44A*-48 t2. CZ PVU49.0-12A0 F146.02A I0 0
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48.0s52A 0.100 C PM-500A-4 O1 P.M-54.100 1

41*42.A 6.20 0 C P140.04 1001 P -40 *. 0 0 2 U

421.0524 075 C 1o4O5A0475 1.50*4.25 4

48.52 0.150 f Y40-WA 7JS01 P.5C0450 G

4L.0.52. 1 4 CA P115 0.0.1 41 114 "40* . 7

48.0.52* 2*0 Ca FM SOSU4A 110PA-3.0 7
46.052 C 0G FM-50.0-94A- P.-50*4 ' A
48.052* 12A CO. f1J 012.1 P1s .-1±A te t

52.0.5 3* a t mS Dsa PU-56D4*54 1

522SS.4. .0.100 v !"4.58410 . ?-145 .03 I

5 2.0.5 1 0 .2 0 0 £ 1 1 -5 6 04 .2 0 0 1 P M ~ 6.0 .2 3
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IRIPTiON
.deWa optlons. SUFFIX
mprovd source and load Itefct
(Regulation) ............................. AA

Source voltage 210.2U0 VAC . 8........... 8
educed size and weight. 400 Hz Input ... .0

oeranon with lamp loads .............. E
Fixed output voltaag ................... F
External output voltage control .......... 1
Renote senstilng .......................
Reduced temperature coefftcient ........ T1i T2
Otflgroundopersiton ................... U
Wide source voltage range ............... W
External output voltage control with

remote tensing ..................... Y
Mechantal eptions

Shockmounting brackets ............... G
Fuli *pox encapsulaton ............... K
Sealed Intmal potentiometer ........... P
Threaded inserts tormnounting .......... V
optional csest lt. ultiple outputs, special

shapes ............................ Consult Factory

QDR-32A 1
RFSrnLtheI

rcy for this series
for any series, ptes
When ordering this
model number an
P23.3.200 F124.0).

OPTIONS SECTIO

A14

NIP40 rcdes modules. and thatthe setting accu-
is 5%. It closer setting accuracies are requred.
se consult the factory. n .
a sulfix. please add the pimx F' to the basic

d Indicate. the. voltage getting desired (e..-. .^

I!APROV20 SOURCE AND LOAD
EFFECT (REGULATION) "'A SUFFIX
Ctabilizat"on tecuracids ot 0 % for source eItect and -0.025%
or I ey for toad effect, are possible for the 050S% stabilized
models In thaffolowilng Sides: -

M=-I P410 PM-IS F-1tt FD-t15
When ordering this option. pleses add the suffix -A to the model
number leg. P235.2-200 AA and 10230.200 M.

SHOCK MOUNTING BRACKETS "G" SUFFIX

Mounting brackets for high shock applications can be furnished for
all modules in case sizes "A" through 'GOD. The "G" eurnx auto-
malicatly Incorporates full epoxy encapsulatIon to provide feliable
operation under higher shock applications, such as MIL.S-2OIC. If
this option is required, please add the suffix "S' to tbe model number
and request the Indicated drawing for detailed mechanical specif.
catloRs.

Case Size Drawing No. Case Size Drxndng no.
AtoG 140-111 Go 1404So

GA 1404676 GO 14082
as 1404678 GE Consult factory

It modules with tess stringent application than MIL4-I6O1C its re.
qulred. the OV" suffix may be sufflclenL Consult factory for possible
variatain of hardware Ior medium shock applications.

EXTERNAL OUTPUT
VOLTAGE CONTROL "H" SUFFIX

This option permits control of the output voltage with on extimal
potentiometer. It also provides sealing against moisture. sand dr
dust. This option Is applkcable Io. the saes listed below. To order.
add the sufrix "HI to tbe desired model number and request the
drawing Indicated for detailea mechanical specifications.

Series Drawing No. Sries . Drawing No.
MC.S P40 140.S63 OPMITPPM 95 1t40-t39J

PM.95
PL-t 140.1-1T FIFO-1t51 140126
SCR40 140-266 TOP-IO' 14049 2(MA case)
"fF/PC4O 140-740 TOPSO t140W74 (Mg case)
COICOc S 140.176 aP , 140484 (MA case)

i
I

'URCE VOLTAGE
.25O VAC "8B" SUFFIX

Modiffcation for a saurce Voltage of 210-250 YAC only. Size and wplght
of modules remain unchanged. Consult factory for HF Series.

REDUCED SIZE AND
WEIGHT, 400 Hz INPUT "D" SUFFIX
Modification ort source hrequency of 380.420 Hz only applies to (he
following sutls: PJ80. PM-SS and NP-S0. The size and weight of the
power modules will be reduced as follows: models with an output
powerretlng of t250 wst ot less are reduced by one tull case size
if ordered with the 'O' SUMx (eg. P234-0200 0 - Case "A"). Models
with an output power rtling of greater than 250 waftts a* reduced by
one-half case size (eg. P26.0.12.0 0 - Case size !GCS3. see page
52: Low Silhouette Style)

OPERATION WITH
FILAMENT TYF' LOADS . !E1* SUFFIX
11pen modules are operated with a filament toad, or with other types.
of non4finear (cads. the overgurreSt (shrt circutll prdtectve Cercutts
of the module may be activated. Depending upP= the toad character-
tics. this could cause the module to -hong upg at a voltage less.

than its rated output. Modules can be modified at the factory to avoid
this problem.
The *FV suffix Is applicable to series P-S0. MC-I. P*45. F-111 and
F0415 moduls, with te following lItmtatlons: those with a maxi-
mum output ol 2S volts: modules with a maximum current rating oi
three amperes. modules with a power rating of 36 wefts or less. It
this cotton is required for models with higher voltage, current, or
cower ratings, please Consult factory.
This feature ia standard gn the tA-0 and SCR140 atal"

OF40 1I 140486 (Me case)

FULL EPOXY ENCAPSULATION "K" SUFFIX

This option I recommended for higher shock and vibration applica.
clons; Power auppties which Incorporate this option wil be com-
pletely encapsutated. This eotion is available br th, following
series:
MC 6s P40 0P40 HP40tO R 5M SCR640 TOp- o HFP-0 "fCO3
'C" "CC Style OVP
The 'XI sufflx Is standard on the PM-95. f.l1JS. fOD165, CO-4S.
DP"$-IS and TOPM-I series.
*Ful; encapsulation aoj '" and "0 stle .overvaltage. poleator
modulep Vvll ristrfct the kt poana adiustment range to 5-40 vOC.

SEALED INTERNAL
POTENTIOMETER "P" SUFFIX

'XED OUTPUT VC-LT-GE "F" SUFFIX

Any module ot the'odes listed below can be modified tc icorporate
a sealed, MIL-S-1 type output centrol potentsomelel. This cptlin
also provides sealing against noisture, sand or dust. Note the "F".
-M'", or 'Y suftixes also provide sealing. To order this option, add
the suffix P" to thle destr -- 6' -- .* onuait the drawing
Indicated for detailed morVERMONTYANXEE DESIGN ENGINEERiNG

Seres Draw
P40. MG-aS 140-1 CALCUL1l0N NQ_ V' - 7'
501140 140-2
liP-S. FC-40 . "I'0-"?I

The "P" sufm Is 1atnda -- ct
0045, VPM-5 and TOPA

A1TACHMENT F PA6E...iJF .Z3

e output @d the power module that is ordered with the "PF eutitx
Tl have the outptt control polent0=4m1tr rmoved, and the output

Voltage llxed wihlin :I% setting accuracy. This also 1sala hec
modulo saganst moisture. dust, or sand. Please note that this facture

I..,I

I-iS"-S
.j
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REPORT NO. ST-4375-OOC.

- v
FACTUAL DATA

G3-9051.0 TEST EQUIPMENT

1.1 Temperature Chamber
Webber Eng.
Model: TF-l5-100+3S0
Last calibration: March 17, 1984
Next calibration: September 17, 1984

1.2 Temperature-Humidity Chamber
Tenney
Model: TlSUF-100240
Last calibration: April 2, 1984
Next calibration: October 2, 1984

1.3 Accelerometer
Endevco
Model: 2272
Last calibration: July 12, 1984
Next calibration: January 12, 198S

1.4 Dial-A-Gain
Unholtz-Dickie
Model: 603
Calibration: Before use

1.5 Accelerometer
Endevco
Model: 2213
Last calibration: July
Next calibration: Janui

QDR-32. 1
REV.O

12, 1984
ary 12, 1985

1.6 Charge Amplifier
Unholtz-Dickie
Model: 8PCVA
Last calibration: July 12, 1984
Next calibration: January 12, 1985

1.7 Vibration System
MB Electronics

- Model: C.-126
Last calibration: 'July 12, 1984
Next calibration:. January 12, 1985

1.8 Digital Vibration Control System WwNTYUjjGE~SIERuj
Hewlett Packard
Model: 5427A ZF&-
Calibration: Before use

1



REPORT NO. ST-4375-00c.

1.9 Graphics Terminal
Hewlett Packard
Model: 2648A
Calibration: Before-use GZ3-OO6

1.10 Digital Plotter
Hewlett Packard
Model: 7225A
Calibration: Before use

1.11 Accelerometer
Endevco
Model: 2272
Last calibration: July 12, 1984
Next calibration: January 12, 198S

1.12 Zero Drive Amplifier
MB Electronics
Model: N-400
Last calibration: July 12, 1984
Next calibration: January 12, 198S

1.13 Shock Machine
Avc o
Model: SM-110-3
Calibration:' Before use. QD R -32.1

REVO °.1.14 Accelerometer
Endevco
Model: 2224C
Last calibration:
Next calibration:

1.15 Oscilloscope
Tektronix
Model: S64B
Last calibration:
Next calibration:

July 12, 1984
January 12, 1985

May 7, 1984
November 7, 1984

1.16 *Band Pass Filter
* krohn-Hite -
. ; Model: -330N *

Last calibration:
Next calibration:

1.17 Digital Multimeter
John Fluke Mfg.
Model: 8OZOA

. Last calibration:
Next calibration:

May 7, 1984
May 7, 1985

ADrLl 23, 1984
April 23, 198S

VERMWIVMDMIGXEH0MMG

CMnXMWHMYA-_jz6_--,%!!r_e" __
XMCWW_,,t
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REPORT NO. ST-437S-OOC

1.18 Digital Temperature Indicator

Omega Eng.
Model: 410A-THF
Last calibration: May 7, 1984.
Next calibration: May 7, 1985

G3--'O0

1.19 Salt Spray Chamber
Singleton
Model: SCCH No. 21
Last calibration: Hay 12, 1984
Next calibration: November 12, 1984

All instrumentation and equipment calibration 
conducted

in accordance with and as defined in 
MIL-STD-45662,

"Calibration Systems Requirements" and 
are traceable

to the National Bureau of Standards.

2.0 TEST SEQUENCE AND COMPLETION DATES

2.1 MRigh Temperature Test - Completed August 13, 1984

2.2 Low Temperature Test - Completed August 14, 1984

2.3 Humidity Test - Completed August 22, 1984

2.4 Vibration Test - Completed August 27, 1984

2.5 Shock Test - Completed August 30, 1984

2.6 Salt Fog Test - Completed September 2, 1984

NOTE: Whenever specified herein, the DC Power 
Supply was

subjected to an Operational Test consisting 
of

measuring the four (4) DC output voltages 
at rated

load with rated input tower applied. All electrical

test data may be seen in Appendix A 
of this report.

VAONTUYADESIGjEHrAiwMiU

KChMUA=NM-W&Y6q GDR-32. 1
REV. O
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REPORT NO. ST-4375-OOC

3.0 TEST PROGRAM C,-
I

G3-008
3.1 High Temperature Test

3.1.1 Test Procedure

The test item was subjected to a High Temperature
Test as described in MIL-STD-810C, Method 501.1,
Procedure I. This procedure-was as follows:

Step 1 - The test unit was placed within a high
temperature chamber in a manner simulating actual
service conditions.

Step 2 - The test chamber temperature was raised
to +7 0C.

Step 3 - The internal temperature of the test chamber
was maintained at +754C for a period of forty-eight
(48) hours.

Step 4 - The test unit was then stabilized at +50°C.

Ste 5 - While at +SOOC, an Operational Test was
perormed.

Step 6.- Thi chamber temperature was adjusted to room
am ient conditions and stabilized.

Step 7 -The test unit was stabilized at room ambient
conditions and then visually examined for evidence of
physical deterioration. An Operational Test was then
performed.

3.1.2 Test Results

There was no visual evidence of physical deteriora-
tion or electrical malfunction as a result of this
test-
': V.; * * : .. * *.4 . . .

VERMDNTYANMXEDEBiGNENMiEEIG

CMMMLflNNa Vyrf-067 QDR-32. 1
REV. O
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REPORT NO. ST-437s-OOC

3.2 Low Temperature Test G3 -J09
3.2.1 Test Procedure

The test item was subjected to a Low Temperature Test
as described in MuL-STD-810C, Method '602.1, Procedure
I. This procedure was as follows.

Step 1 - The test unit was mounted on a test fixture
and'pTaced within a Low Temperature'Chamber.

Step 2 - The test chamber temperature was reduced to
=6Z.wC.

Step 3 - The internal temperature of the test chamber
was maintained at -62°C for a period of four (4) hours
minimum.

Step 4 - The Power Supply was then stabilized at 0C.

Step S. -While at O0 C, an Operational Test was per-
frored. .

Step 6 - The chamber temperature was adjusted to room
ambient conditions and stabilized.

Ste 7 - The test unit wad then stabilized at'rodm
amb'Ient- conditions and then visually examined for
evidence of physical deterioration. An Operationa'l
Test was then performed.

3.2.2 Test Results

There was no visual evidence of physical deteriora-
tion or electrical malfunction as a result of this
test.

.~~~ *
. ~ ~~~ .. .

VRMOUNJYAENKESIG .= *- '. '* * ' '

CALCULAUONNO. r Q3DR-32.1
REV 0
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.REPORT NO. ST-4375-OOC

-. 3.3 Humidity Test G3--)tO
3.3.1 Test Procedure

The Humidity Test was conducted in accordance with
MIL-STD-810C, Method 507.1, Procedure IV.

The test unit was placed within a temperature-humidity
chamber in a manner simulating-actual service usage.
The chamber was sealed and the test unit was initially
dried at 400C to SOC for not less than two (2) hours.
The unit was then conditioned at +2SOC and SO% RH for
twenty-four (24) hours and electrical measurements
were performed.

Following the above conditioning, the test unit was
subjected to five (5) 24-hour cycles. Each cycle con-
sisted of sixteen (16) hours at 50 0C and approxi-
mately eight (8) hours.at +300C. The relative humidity
wa: maintained at 95t or greater at both temperatures.
Each transition time between 30C and SO'C was not
greater than 1.5 hours. The relative humidity during
each transition was not controlled. During the second
cycle, while at +50°C, immediately prior to decreasing
to +300C, electrical measurements were performed.

At the completion Gf.the fifth cycle and while at +30°C
* and 95% RH,- electrical measurements were made. Follow-

ing this the test unit was conditioned at +2S°C and 50%
RH for not less than-twelve (12) hours nor more than
twdnty-four (24) hours. While at these conditions the
electrical measurements were repeated.

* At the completion of the entire test the test unit was
visually examined for evidence of deterioration or
corrosion.

3.3.2 Tds~t gesul~ts

There was no VisUal eviclence.of deterioration, cor,ro-.
siori or electrical rmalfunctiQn as- resuft of.the
Humidity Test, with the exception that minor rust
was observed on the top mounting hardware on one of
the Transformers.

VMlAOTVJXDESI6NkiM EE NG

.CALM~AIONNO V Y4 _ Y-6* I * QDR-32.1 a:
- REV O*
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3.4 Vibration Test G3%-'1I
3.4.1 Test Procedure

The Vibration Test was conducted in accordance with
MIL-STD-202F, Method 201A, as modified herein.

The test item was securely fastened to a flat alumi-
num plate by normal mounting means and mounted to the
table of a vibration machine. The Vibration Test was
conducted as follows.

Resonance Survey

Resonant modes were determined by varying the frequency
of applied vibration slowly through the range specified
in Figure 1. Individual resonance searches were con-
ducted with vibration applied alone each of the three
(3) mutually perpendicular axes.

Vibration Cycling

The unit was subjected to sinusoidal cycling at a
logarithmic rate between the frequency limits and at
the vibratory acceleration levels specified in Figure
I-and the time schedule of-Table I, in each of the
three (3) mutually] perpendicular axes.

At the completion of each axis of vibration., the unit
was visually examined-ror evidence of physical damage.

During vibration, at each level and each axis, the
Power Supply was electrically energized and test data
was recorded.

TABLE I

Time Schedule

ADR-32 * 1 Cycling Time .weep Time

REV.. 6.. O per Axis 4-33-4. Hz

** *2.O Hours Obne (l) iiniute. .

3.4.Z Test Results

There was no visual evidence of physical damage or
electrical malfunction as.a resu-i MD Nest.

%-PWAYLcuAKEuE 4~f
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3.S Shock Test

3.S.1 Test Procedure

The Shock Test was conducted in accordance with
MIL-STD-202F, Method 213B, Test Condition I.

While operating, the Power Supply was securely
fastened to the table of an impact shock machine
and subjected to a total of eighteen (18) shock
impacts.. Each shock pulse approximated a sawtoc
wave having a nominal time duration of six (6)
milliseconds. Three (3) shocks were applied in
each direction along each of the three (3) mutua:
perpendicular axes. The magnitude of the shock
pulses were 100 gts peak. During each shock impa
the DC output voltages were monitored.

At the completion of the Shock Test the Power Supp
was visually examined for evidence of physical dam

3.S.2 Test Results

'There was no visual evidence. of physical damage or
electrical malfunction as a result of this. test.

VERJADNTYA0MEDESnlENGIMR

__ QIDR-32.i
. REV. 0
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QDR-32. 1
REV. 0.,

.;

(100 Ads, 6.bms, sawtooth)

Vertical Sensi-tiv~ity: .ZS.0 g's/Iiajor division
Horizontal Sensitivity: 1.0 ms/ipajor division

FI.GURE 2.

Calibration Dhotograph of Shock Pulse
VMMONTBUMJ GNOOMM

CAUMU L MNNL VY!-* .

ATTACKAE2YPO1 W.3
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3.6 Salt Fog Test G -'isL
3.6.1 Test Procedure

The Salt Fog-Test was conducted in accordance with
MIL-STD-810C, Method 509.1, Procedure I.

The Power Supply was Positioned within the chamber
at an angle of approximately fifteen (IS) degrees
from the vertical so that corrosion products and
condensate would not fall upon the item under test.
The chamber was sealed and the chamber temperature
was increased to +95SF. The test unit was then sub-
jected to the specified salt spray for a period of
forty-eight (48) hours.

A St salt solution, prepared by dissolving five CS)
parts be weight of sodium chloride in 95 parts by
weight of distilled water, was used to produce the
salt spray fog. The sodium chloride contained, on
the dry basis, not more than 0.1% of sodium iodide
and less than 0.3% of total impurities. The solution
was adjusted to, and maintained at, a specified
gravity between 1.0268 and 1.0413 and a pH value
between 6.5 and7.2 when measured at +95pF.

Upon completion of the forty-eight (48) hour period,,
the test unit-was removed from the test chamber and
visually examined. The-Power Supply was then allowed
to dry for a period of forty-eight (48) hours follow-
ing which a visual examination and an electrical
functional test was conducted.

3.6.1 Test Results

There-was no visual evidence of deterioration or
corrosion-as a result of the-Salt Fog Test: -The
Power Supp ly was then returned to Technipower for
further .electrical nests, . . - . -

VER90KTV~aŽEMBWMrZ

-AICKMW EKrJCjW Z3
QDR-32. 1
REVW. 0
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'APPENDlC_ A

Test Data

QD R-U."1
REV. 0

GA1AF~vy X- at, -

I.- '-.-*....

312



*0

STANFORD TECHNOLOGY CORP.
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TWWTgDs 10/20/97 VERMONT YANXEE EQUfPMENT QUALIFICATION MATRIX REVlSION: 7?
(SORTED BY SYSTEM L TA& NO) 10/24/9

SYSTEM ID5 NBVI, NUCLEAR BOILER VESSEL INSTRUMENTATION SYSTEM

EQUIPMENT QUALIFICATION MATRIX DATA
TAG NO. SERVICES LOCATION CAT TBN1 TBN2 F1 P2 13 DURATION
twa umasn,--- ,_,,,,,,, -a.W....... ft.ina an..... .a ........ n , - ---- ...a... ... _ _ .,

2-3-55B(X) RX VESSEL PRESSURB/(RPS) VOL 20 LOCA: D 29 2 _
MS : D 83 2 -

HPCr: A 30 2 6KRS
RCIC: E 2 -

RWCU: A 30 2 6HRS
RHS : A 30 2 6HRS

---------------------- --------- --- __---_________

2-3-SSC(M) RX VESSEL PRESSURE/(RPS) VOL 22 LOCA: D 29 2 _
MS : D 83 2 -

HPCI: A 30 2 6NRS
RCIC: E 2 -

RWCU: A 30 2 6ERS
IMS : A 30 2 6NRS

----------------------- _______________

2-3-55C(X) RX VESSEL PRESSURE/(RPS) VOL 22 LOCA: D 29 2 -
MS : D 83 2 -
HPCI: A 30 2 6HRS
RCIC: E 2 -
RWCU: A 30 2 6HRS
HRS : A 30 2 6HRS

____________-_________________________-________--__--_-_________________________________________

2-3-SSD(M) RX VESSEL PRESSURE/(RPS) VOL 22 LOCA: D 29 2 _
MS : D 83 2 - (7
RPCI: A 30 2 GERS

RCIC: E 2 -

RWCU: A 30 2 6ERS
FHS : A 30 2 6HRS

________________________________________________________________________________________________

2-3-55D(X) RX VESSEL PRESSURE/(RPS) VOL 22 LOCA: D 29 2 _
MS : D 83 2 -
NPCX: A 30 2 6NRS
RCIC: E 2 -
RWCU: A 30 2 6HRS
KHS : A 30 2 GERS

________________________________________________________________________________________________

2-3-56A(t4) RX VESSEL PRESSURE VOL 22 LOCA: A 9 25 6 10 LT
MS : A '9 25 6 7 10 LT
HPCI: A 9 2S 6 7 10 LT

f RCIC: E 39 6 7 10 -
RWCU: A 9 25 6 7 10 LT
Rf S: A 9 25 6 7 10 LT

2-3-S6A(X) RX VESSEL PRESSURE VOL 22 LOCA: A 9 25 6 10 LT
MS : A 9 25 6 7 10 LT
NPCI: A 9 25 6 7 10 LT
RCIC: E 39 6 7 10 -
RWCU: A 9 25 6 7 10 LT
HHS : A 9 25 6 7 10 LT

_____________________________,__________________________________________________________________

CUUL;AM cv Ye . PAGE 5-56 C
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PRINTED: 10/20/97 VERMONT YANKEE EQUXPMENT QUALIFICATION MATRIX
(SORTED BY SYSTEM & TAG NO)

REVISION: 17
REV DATE: 10/24/971

SYSTEM ID: NBVI, NUCLEAR BOILER VESSEL INSTRUMENTATION SYSTEM

TAG NO.
mWm=_#mm=-"n#W -

2-3-52C(M)

SERVICES LOCATION

LOW RX PRESS INT'L/ECCS VOL 22
XNJ VALVES

LOCA
MS
UPCI
RCIC

EQUIPMENT QUALIFXCATION MATRIX DATA
CAT TENI TBN2 Fl F2 F3 DURATION
_,_ =.=. .=" __ --- --- - - …-

: A 9 6 LT
: A 39 9 7 6 LT
: A 39 9 7 6 LT
: E 39 7 -

RWCU: A 39 9 7 6 LT
HHS : A 39 9 7 6 LT

___________________ -- --- --- ------------ --------------- - --- _-------_______________-

2-3-52C(X) LOW RX PRESS INT'L/ECCS VOL 22 LOCA: A 9 6 LT
INJ VALVES MS : A 39 9 7 6 LT

uPCI:A 39 9 7 6 LT
RCIC: Z 39 7 6 -

RWCU2 A 39 9 7 6 LT
KHS : A 39 9 7 6 LT

_______________________________---_-_ _--- - - - - - - - -- - - - - ---------------------_------__ _ _ _ _ _ _ _ _ _ _ _ _

2-3-S2D(M) LOW RX PRESS INT'L/ECCS I VOL 20 LOCA: A 9 6 LT
NJ VALVES MS s A 39 9 7 6 LT

HPCI: A 39 9 7 6 LT
RCIC: E 39 7 6 -

RWCU: A 39 9 7 6 LT
HHS s A 39 9 7 6 LT

2-3-52D(X) LOw RX PRESS INT'L/ECCS I VOL 20 LOCA: A 9 6 LT
NJ VALVES MS : A 39 9 7 6 LT

HPCI: A 39 9 7 6 LT

RCIC: E 39 7 6 -

RWCU: A 39 9 7 6 LT
HHS : A 39 9 7 6 LT

2-3-SSA(M) RX VESSEL PRESSURE/(RPS) VOL 20 LOCA: D 29 2 _
MS : D 83 2 -

HPCI: A 30 2 6HRS
RCIC: E 2 -

RWCU: A 30 2 6HRS
RHS : A 30 2 6HRS

2-3-SSA(X) RX VESSEL PRESSURE/(RPS) VOL 20 LOCA: D 29 2 -

MS : D 83 2 -

HPCI: A 30 2 6HRS
RCIC: E 2 -

RWCU: A 30 2 6HRS
HHS: A 30 2 6HRS

2-3-SSB(M) , RX VESSEL PRESSURE/(RPS) VOL 20 LOCA: D 29 2 _
MS : D 83 2 -

HPCI: A 30 2 6HRS
RCIC: E 2 -

RWCU: A 30 2 6HRS
HHS : A 30 2 6HRS

…__ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _,_ _ _ _ _ _ _ _ _ _ _ _ _ _ - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _
VEIAQU MGESG IMNG
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WRImrTDs 2O0/20/97 VERMOOT YANKES EQUtpMENT QUALFICdATIoN MATRIX RJnVZZOrs 17 7
(SORTED BY SYSTEM & TAG NO) REV DATE: 10/24/97)

SYSTEM ID: tBVI, NUCLEAR BOILER VESSEL INSTRUMENTATION SYSTEM

EQUIPMENT QUALIFICATION MATRIX DATA
TAG NO. SERVICES LOCATION CAT TBNI TBN2 P1 F2 F3 DURATrON

_ aDpmn-_Dlm-" a ainmmamammamflmfl mainnaaMUmama mW W.= ama an flflmma

PT-2-3-52D LOW RX PRESS INTqL/ECCS VOL 38 LOCA: A 9 6 LT
INJ VALVES MS : A 39 9 7 6 LT

Hpcr: A 39 9 7 6 LT
RCIC: A 39 9 7 6 LT
RWCU: A 39. 9 7 6 LT
IRS : A 39 9 7 6 LT

…______________-------…-- ---_ -- _-_- _- _______________

PT-2-3-54A RX VESSEL PRESS VOL 21 LOCA: C 29 0 -
MS : C 30 0 -
HPCI: C 30 0 -
RCrC: E 30 0 -
RWCU: C 30 0 -
HaS : C 30 0 -

…_______________________________-…-________---------_- ------ __--- _____________________________

PT-2-3-54B RX VESSEL PRESS VOL 20 LOCA: C 29 0 -
MS : C 30 0 -
HPCI: C 30 0 -
RCIC: E 30 0 -
RWCU: C 30 0 -
HHS : C 30 0 -

…_________ __________ __________- ________________--- __--- _____________________________________

PT-2-3-54C RX VESSEL PRESS VOL 21 LOCA: C 29 0 -

MS : C 30 0 -

HPCI: c 30 0 -

RCIC: E 30 0 -

RWCU: C 30 0 -

HHS : C 30 0 -

PT-2-3-54D RX VESSEL. PRESS VOL 20 LOCA: C 29 0 -
MS : C 30 0 -
HPCr: C 30 0 -

RCIC: E 30 0 -
RWCUI C 30 0 -
HHS : C 30 0 -

________________________________________________________________________________________________

PT-2-3-SSA RX VESSEL PRESS VOL 20 LOCA: D 29 2 _
MS 2 D 84 2 -

HPCr: A 30 2 6HRS
RCIC: E 2 -

RWCU: A 30 2 6HRS
HHS : A 30 2 6HRS

________________________________________________________________________________________________

PT-2-3-SSB RX VESSEL PRESS VOL 20' LOCA: D 29 2 _
MS : D 83 2
HPCX: A 30 2 6HRS
RCIC: E 2 -

RWCU: A 30 2 6HRS
HUS : A 30 2 6HRS

V0"OHTMMcM E EN DGflEENG
CA chu¶A1 -NL.±tY PAGE 5-72

cmsm= --- le-/



PRINTED: 10/20/97 VERMONT YANKEE EQUIPMENT QUALIFICATION MATRIX REVISION: 17
(SORTED BY SYSTEM & TAG NO) REV DATE: 10/24/91

SYSTEM ID: NBVI, NUCLEAR BOILER VESSEL INSTRUMENTATION SYSTEM

EQUIPMENT QUALiFICATION MATRIX DATA
TAG NO. SERVICES LOCATION CAT TBN1 TBN2 F1 F2 P3 DURATION

. ... .... in.. flhl =fl i ..... fi -- ==-- _ _ no ft .. -... - -___

PT-2-3-SSC RX VESSEL PRESS VOL 21 LOCA: D 29 2 -

MS : D 83 2
HPCI: A 30 2 6HRS
RCIC: E 2
RWCU: A 30 2 6HRS
MS : A 30 2 6HRS

______________________________- ___-------_- _- ---- __ ---- _ _-- _----_-- ______________________________-

PT-2-3-SSD RX VESSEL PRESS VOL 21 LOCA: D 29 2

MS : D 83 2
HPCI: A 30 2 6HRS
RCIC: E 2
RWCU: A 30 2 6ERS
MS : A 30 2 6HRS

____________________________________________-____-----__-______________________________________-

PT-2-3-S6A VESSEL PRESS VOL 21 LOCA: A 9 25 6 10 LT
MS : A 9 25 6 7 10 LT

HPCI: A 9 25 6 7 10 LT
RCIC: E 39 6 7 10 -
RWCU: A 9 25 6 7 10 LT
HHS : A 9 25 6 7 10 LT

PT-2-3-56B VESSEL PRESS VOL 20 LOCA: A 9 25 6 10 LT
MS : A 9 25 6 7 10 LT
HPCI: A 9 25 6 7 10 LT
RCIC: E 39 6 7 10 -
RWCU: A 9 25 6 7 10 LT
HHS : A 9 25 6 7 10 LT

PT-2-3-56C VESSEL PRESS VOL 21 LOCA: A 9 25 6 10 LT
MS : A 9 25 6 7 10 LT

HPCI: A 9 25 *6 7 10 LT
RCIC: E 39 6 7 10 -
RWCU: A 9 25 6 7 10 LT
BHS: A 9 2 6 7 10 I.T

PT-2-3-560 VESSEL PRESS VOL 20 LOCA: A '9 25 6 10 LT
MS : A 9 25 6 7 10 LT
HPCI: A 9 25 6 7 10 LT
RCIC: E 39 6 7 10 -

RWCU: A 9 25 6 7 10 LT
HHS : A 9 25 6 7 10 LT

VWONTYAEs ENGOMINE

CAmmmIAUONfL. -
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PRINTED2 10/20/97 VERMONT YAN=EE EQUIPMENT QUALIFXCATION MATRIX REVISION: 17

(SORTED BY SYSTEM & TAG NO) REV DATE: 10/24/97

SYSTEM ID: PRS, REACTOR PROTECTION SYSTEM

EQUIPMENT QUALIFICATION MATRIX DATA

TAG NO. SERVICES LCATION CAT TBNI TBN2 F1 F2 F3 DURATION
as^w-- ---- -- f- - --- --- --- -- --- n-l _" -- _ _

25-SA-Al CAB 25-SA/A1 PWR SUPPLY VOL 20 LOCA- D 12 29 2 6 3
MS : D 83 2

HPCI: A 30 2 6XRS
RCIC: E 2
RWCU. A 30 2 6ERS
NHS : A 30 2 6HRS

25-SA-B1 CAB 25-SA/B1 PWR SUPPLY VOL 20 LOCA: D 12 29 2 6 3 -

MS : D 83 2
HPCIs A 30 2 6XRS
RCIC: E 2
RWCU: A 30 2 ERRS

EHS : A 30 2 6HRS

25-6A-h2 CAB 25-6A/A2 PWR SUPPLY VOL 20 LOCA: D 12 29 2 6 3 -

MS : D 83 2
RPCI: A 30 2 6HRS
RCIC: E 2
RWCU: A 30 2 6HRS

HKS : A 30 2 6ERS

25-6A-B2 CAB 25-6A/B2 PWR SUPPLY VOL 20 LMCA: D 12 29 2 6 3 -

MS : D 83 2

RPCI: A 30 2 6KRS
RCIC: E 2
RWCU: A 30 2 6RRS
HHS : A 30 2 6XRS

5-12A(M) DW PRESSURE/RPS VOL 20 LOCA: D 12 29 2 6
MS : D 83 2
RPCr: A 30 2 6KRS
RCIC: E 2 -

RWCU: A 30 2 6ERS
HHS : A 30 2 6HRS

5-12A(X) DW PRESSURE/RPS VOL 20 LOCA: D 12 29 2 6 -

MS .: D 83 2 -

HPcr: A 30 2 6HRS

RCIC: E 2 -

RWCU: A 30 2 6HRS
HHS : A 30 2 6HRS

5-12B(M), DW PRESSURE/RPS VOL 20 LOCA: D 12 29 2 6 -

MS : D 03 2 -

HPCI: A 30 2 6HRS
RCIC: E 2 -

RWCU: A 30 2 6HRS

MONTYANE DESIGN ENGMEING HHS:A 30 2 ERRS
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Rev. 6

TB8 Failure of these components could disable one or more RHR pumps.

TB9 RX low press interlock instrumentation associated with ECCS injection
valves must be qualified for time period associated with applicable Act
safety function(s). Failure could prevent injection valve opening. N a:
For KELB events, only two redundant ECCS Subsystems need to be
qualified. As a minimum, A and B Core Spray Systems will be
qualified. Therefore, the LPCI injection valves need not be qualified
for RELB events. All ECOS Subsystems must be qualified for a LOCA.

Rote: For 2-3-56A through D analog trip units (master(M) and
slave(S)), see TB-72.

TB10 ECCS injection valve limit switches that provide an interlock to
associated injection valve in series, must be qualified for time period
associated with applicable safety function(s). Failure could prevent
opening of associated injection valve.

TBUl The RHR alternate shutdown transfer switch provides electrical
isolation from local control on the RER alternate shutdown panel. For |
safety functions/accidents requiring "A" loop of RHR valves(s) to
actively function (or not inadvertently change position), the transfer
switch must be qualified for time period of applicable safety
functions, since control circuits of several "A" loop RHR valves are
wired through the transfer switch.

4, TB.2 These components are associated with valves that are required to close
on accident signal (ECCS or PC Isol.) if open at time of LOCA. To
account for small break LOCAs that do not cause immediate isolation,
the valves must be qualified to close for ten (10) minutes post-LOCA C
(see Reference 10). These components must be qualified for ten (10)
minutes post-LOCA to insure valve closure. Components outside the PC
will not experience a harsh environment within ten (10) minutes after
LOCA. Subsequent failure of these components will not cause valve to
reopen.

Ngli: Although some components are just outside the torus (Volumes 42,
44, 46, 48), the post-LOCA thermal and radiation effects from
the torus should not be significant in the first ten (10)
minutes. (See References 17 and 18).

TB13 Motor Control Centers (MCCs) that experience a harsh environment must
be qualified for time period associated with safety function(s) of all

{ load devices (valve, motor, etc). Worst case failure of an MCC is
assumed to include short circuits such that motor-operated valves could
change position undesirably.

TBl4 The valve associated with this component is normally closed and need
not actively function fbr an HELB. However, the valve is required to
remain closed for an HELB. Failure of this co
the valve to change position. VENjONWrYMEMDESINENGUNEENG

TB15 The valve associated with this component perfo: CAcUMLAMION tL__ ____-_
for this accident. However, the valve is requ:
normal position for this accident. Failure of bK
cause the valve to change position. ATTACHI JEWL Li 3F.. - '-
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TB23 Per Safety Function Number 6, for VELE mitigations, ME and RCIC iare
not relied upon to actively function for reactor vessel level control
for any HELB. RPCI and RCIC components need not be qualified to HELBs
except components required for HELB detection and isolation.

TB24 See "Post-Accident Monitoring" Safety Function Number 10 descriptions.
These instruments are located in the Reactor Building and are required
for only six hours post small break LOCA, less time for larger breaks.
For DBA source term, the integrated radiation dose does not become
harsh ( 104R) in less than four to six hours in the Reactor
Building. It is assumed that for any size LOCA, the reactor will be
depressurized and this PAM parameter will no longer be required before
the environment for this component is harsh.

TB25 These components are required for "Post Accident Monitoring" safety
function. Per Safety Function description Number 10, the parameters
associated with these components are required long term for LOCAs and
HELB events. See Safety Function No. 10 description for exceptions.

TB26 DELETED |

TB27 The RHR cross tie header valve, MOV-10-20, is not electrically
operated. The power cable has been disconnected, and the valve is
locked closed.

TB28 The main steam relief valves can be pilot operated at reactor pressures
greater than 100 psig. Solenoid operated valves energize to supply air
to the RV pilot and causes the RV to open. For a small break LOCA or
HELB, after the reactor is depressurized, the RVs may be relied upon to
control reactor pressure for a long period. For a small break LOCA,
the ADS function (backup to HPCI and/or RCIC) is only required to be
qualified for 6 hours and the Reactor Building is assumed to remain
non-harsh. However, remote manual opening of the relief valves is
required to be qualified long-term for backup shutdown cooling mode to
limit harsh temperatures in drywell. For an RELB, the ADS function is
not required but must be qualified to prevent inadvertent actuation.
Remote manual opening of the relief valves is required to be qualified
until the RHR S/D cooling system can be placed in operation (see TB17).

-w- TB29 Per Reactivity Control Safety Function description Number 2, RPS is
only required within ten (10) minutes after a LOCA. The post-LOCA
environment in the Reactor Building does not become harsh until four to
six hours after a large break LOCA, therefore, RPS components in the
Reactor Building will function prior to harsh environment. Once the

'LI' reactor is shutdown, failure of reactivity control equipment is not
detrimental to safety.

VERRNTVMDESIGAENGUMNG
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REV 7

The backup scram solenoids (SN 3-140A and B) do not require
environmental qualification per Reference (21). C;
SLC components are not required for LOCA (see Safety Function Number 2).

Alternate Rod Insertion (ARI) and Recirculation Pump Trip (RPT)

The ARX and RPT functions are provided to mitigate Anticipated
Transients Without Scram (ATWS),0 events. These functions are not
relied upon for the design basis LOCA in which harsh environments
develop. The scram solenoids at each hydraulic control unit
(SO-3-117/118) which are environmentally qualified actuate reactor scram
for design basis accidents.

Signals to the ARI and RPT components are derived from instrument loops
for reactor vessel level (LT-2-3-68A, B, C, and D) and pressure
(PT-2-3-54A, B, C, and D). As described above, ARZ/RPT components are
not relied upon for the design basis LOCA in which harsh environments
develop.

Associated trip modules share card files with other components required
to accomplish safety functions. However, these card files are located
in a mild environment and do not require environmental qualification.
In addition, ARI/RPT components are classified as safety-related and it
has been determined that failures of ARI/RPT components will not cause
failure of safety-related equipment. The applicable associated
components and Safety Functions are included in Volume 2 of the EQ
Program Manual.

-3_TB30 Reactivity control is required for HELB events. The RPS components must
be qualified for HELB if subject to a harsh environment and if failure
could prevent or adversely affect a manual or automatic reactor scram. U1t

Backup Scram Solenoids

The backup scram solenoids (SN 3-140A and B) do not require
environmental qualification per Reference 21.

Scram Solenoid Fuse Panels

The scram solenoid fuses, fuse holders, and wire inside fuse panels
(PNL 5-7A, B, C. D, E, F. G, and H) are associated electrical components
to the scram solenoid valves (SO 3-13-117/118), and are located in the
same Volumes (34 and 38).

For the RWCU HELB event only, these components require qualification to
assure that no failure(s) could cause a reactor scram (and consequent

I loss of power) prior to closing of the RWCU System isolation valves.
This requirement provides assurance that given a worst case single
failure of the dc isolation valve (MOV 12-18) the RWCU HELB will be
isolated without a 13 second emergency diesel startup delay for using
the ac isolation valve (MOV 12-15).

This is necessary to insure that the resulting environments do not
exceed the analyzed environments for a RWCU HELB which do not account I l
for a loss of off-site power (13 second power interruption). For all
other HELB events. a failure that results in a loss of off-site power
will not impact the analyzed environments, therefore the scram solenoid 4
fuse panel components need only be qualified not to fail for the RWCUL
HELB event. No scram solenoid fuse panel failure will prevent a scram.

MONITYAREESIGHENfGltN

CALCUW1nKHMvcri

5.6-6 A|. _ * _ ,



REV - .
The scram fuses, consistent with design criterion (i) in Section 5.2,
are considered to be in a mild environment for the RWCU HELB event as
justified by the following exception to design criterion (I) guidelines.
The RWCU EELB environment for the scram fuses is 1850F peak. This
temperature is not significantly more severe than normal operating
design conditions for fuses. Typical fuse characteristics are
illustrated on Page 20 of the BUSS, Bulletin SFB, dated August 1981.

Per the OEffect of Ambient Temperature on Operating Characteristics of
Time Delay and Ron-Time Delay FuseO curves, a worst case reduction in
current carrying capability of fuses is approximately 301 for an ambient
temperature of 185*F (850C). Since the normal operating current of the
scram solenoids if 0.2 amps and the scram solenoid fuses are rated at I
3.0 amps, significant margin exits in the sizing of these fuses, such
that the 30% reduction will have negligible impact and will not cause
inadvertent opening of the fuse.

Scram Solenoids Metal Oxide Varistors

Metal Oxide Varistors manufactured by General Electric Company are
installed across scram solenoid coil for arc suppression to reduce relay
contact wear. These components are considered associated electrical
components of the scram solenoid valves (SO 3-13-117/118). It is a
requirement that these components not fail during any accident so that
the proper function of the scram solenoid valves can be assured.

For the LOCA accident, these components, located outside containment
near the scram solenoids (Volumes 34 and 38) will function within 10
minutes per Safety Function Number 2 Description in Section 5.7. This
is prior to harsh environment per Section 7.0. Subsequent failure will
not impact any safety functions since once a scram occurs the scram
solenoids are not needed. Therefore, these Metal Oxide Varistors (like
the scram solenoids themselves) are Category D for LOCA. (See TB-29).

For HELB events, the environmental conditions for the Metal Oxide
Varistors is not significantly more severe than normal operating design
conditions for these devices. Consistent with design criterion (i) in
Section 5.2, these are considered to be in a mild environment for HEMBs
as justified by the following exception to design criterion (i)
guidelines.

Per the General Electric OSCR Manualm Fifth Edition, Copyright 1972,
Page 656, the General Electric Family of Metal Oxide Varistors have the
following ratings:

1) Maximum Operating Ambient Temperature

(Without derating) of 8S°C (185 0 F)

2) Maximum Operating Surface Temperature of 115*C (239 0 F)

3) Maximum Storage Temperature 125 0 C (257 0 F)

5ERUO6lIc7ESGEi6IEBiNo
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REV 7

The Metal Oxide Varistors are only operating (i.e., conducting at
the instant a scram signal :contact oper.ing) is applied. At all
other times, these components, although installed in a circuit,'
are in the same state as if they were in STORAGE,.

The maximum HELS temperature in vicinity of these components is
2426F worst case and this is not a sustained temperature since per
Section 7.0, HELB conditions return to normal within one (1) hour
after isolation. Therefore, it is concluded that the environ-
mental conditions of worst case HELE events are not stressful to
General Electric Metal Oxide Varistors and are thus mild per
20CFR50.49 (i.e., "not significantly more severe than normal-).

Standby Lciruid Control System

The SLC components are not required for HELB events. (See Safety
Function Number 2 description.)

Alternate Rod Insertion (ARU) and Recirculation Pump Trip (RPT)

The ARI and RPT functions are provided to mitigate 'Anticipated
Transients Without Scram (ATWS).' These functions are not relied upon
for the design basis High Energy Line Break (HELB) accidents in which
harsh environments develop. The scram solenoids at each hydraulic
control unit (SO-3-117/118) which are environmentally qualified actuate
reactor scram for design basis accidents.

Signals to the AR! and RPT components are derived from instrument loops
for reactor vessel level (LT-2-3-68A, B, C, and D) and pressure
(PT-2-3-54A, B, C, and D). As described above, these components are not
relied upon for the design basis High Energy Line Break (HELB) accidents
in which harsh environments develop.

Associated trip modules share card files with other components required
to accomplish safety functions. However, these card files are located
in a mild environment and do not require environmental qualification.
In addition, ARI/RPT components are classified as safety-related and it
has been determined that failures of ARI/RPT components will not cause
failure of safety-related equipment. The applicable associated
components and Safety Functions are included in Volume 2 of the EQ
Program Manual.

Also, as discussed above for scram solenoid fuses, qualification must be
such that no failures of nonqualified components could result in an
inadvertent actuation of the ARI solenoids (SE-3-ARI-A/B) and scram the
reactor during a reactor water clean-up HELB. Since the ARI solenoids
themselves must energize to cause scram, they do not require
environmental qualification.

TB31 abPlial pvid vital As p-n to zectzrecil Am tt-
conttt and SV position monitoring instruments. The reactor re
pump cont tTLare not required for any safety functions. So- , per
"Post-Acciden~t igstoring,0 Safety Function Number 10 d Lption and i
accordance with T32 -S V position monitoring is r ed for six hours
st-LOCA and HELB. Onc e reactor is depre zed, relief valve

operation can be determined boactor p re indication, and failure
f SRV position monitoring compo not detrimental.

TB32 The IAC-A subpanel provid " Strument ac p to numerous instruments
in the Reactor Buil . These include: RHR an U conductivity,
WCU reject va , CRD temperature recorder, SRMHIRM tor drives,
HCU accuml o-r monitoring panels, and RX Building radiat udio
alatp. r-Failure of these components for any event will not af e

MERJONTVYA EDMIGNeNGUMEEINIa
5.6-8
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REV 4

+ TB83 The power supplies furnish power to trip cards in cabinets 25-SA and
26-6A. The reactor trip function is accomplished by de-energizing the
trip card output, thus a loss of power will also result in a trip
condition. The main steam HELB itself will result in a trip condition
which occurs prior to- a harsh environment developing at the power
supply location. Subsequent power supply failure will not adversely
affect safety function as reactor scram will have already been
accomplished. For this reason, the power supplies are classified
Category D for MS HELD. Similarly, those RPS components powered form
these power supplies which initiate or could affect reactor scram are
also Category D.

T884 onents provide a Control Roma r Of un ̂ 1 2 ±lA3CkumZC
ilure associated with the card file monitored. The design of the

c d file circuit boards is such that input-to-input isolation exist
to revent an output component from causing a failure of the associ ed
card ile. Therefore, component qualification is not required.

TB85 This va ye is normally open and need not actively function for is
accident. However, the valve is required to remain open for is
accident.

TB86 This equipme provides the means to isolate the RB airlo door seal
supply solenoi. vales (SE-105-2A and 2B) from the nonqu ified control
panels. SE-105 A and 2B are normally open, normally -energized
solenoid valves at allow instrument air to pressurize the airlock
door seals. SE-1 -2A and 2B are Safety Class 3 an SCE components.
The control logic/c ponents that control the sole id valves are
non-SCE and are not alified. The Series 24 swi ches isolate the
solenoid valves from t e nonqualified equipment. This assures that a
failure of the nonquali ed components cannot .advertently energize
the door seals and cause loss of secondary ontainment integrity.

TB87 This equipment causes an au matic isolati of the nonessential
service water loads located i. the Turbi Building and Reactor
Building by closing V70-19A, 0-19B an V70-20. Automatic isolation
occurs when the service water hider p essure decreases below the
setpoint for a sustained period o tie. These conditions are
indicative of service water pump r -out or of inadequate cooling flow
to the diesel generators. Followi a LOCA the operator is instructed
to manually isolate these noness tia loads. Once isolated, the need
for the automatic logic has been remov . If conditions were to
require automatic isolation asa result f separation from the grid,
combined with failure of a d sel generat r to accept load, this would
occur immediately following he accident, bherefore, before the
environment in the RHR coffer rooms becomes arsh. Provisions have
been made for the operat to bypass the auto tic isolation circuit if
required to re-open or raintain open these val s.

TB88 This component share a common power supply with mponents that are
required for this cident but has its own separat fuse to protect the
power supply, the fore its failure will not impact he power source to
other required e ipment.

TB89 The transfer itch affects control of RV2-71A and RV2- B. Failure
during long erm post-LOCA could result in inadvertent op ing of
valves, or Iould prevent valve opening when desired. The itch
provides ectrical isolation from local power and control a the ADS
alterna control station in the RCIC Room.

TB90 The M Vs do not directly isolate the RWCU o0
the nlysis assumes a FW temperature transia VEWuofyiMDEmzKENPMX
du to high steam tunnel temperature. The s
spnsors and the MSIVs must, therefore, be qu.

IWCUFW HELB in the steam tunnel but are not CAUJ1A10Na..LjZ..- ...
ouraida -- e st2am tK1nnel . _ A e .
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SAFETY FUNCTION ACCIDENT DISCUSSIONL

5 1

.4.2) REACTIVITY
CONTROL

LOCA RPS equipment must be qualified to
function and scram the reactor by both
automatic and manual signals following
a LOCA.

The Standby Liquid Control System is
not required to be qualified since it
is never expected to be needed for
plant safety following a DBA (see FSAR
Section 3.8.4). Failure of SLC
components will not affect safety
functions.

It is assumed that the reactivity
control safety function is performed
within 10 minutes after a LOCA.

Subsequent failure of RPS equipment
will not affect plant safety.

HELB RPS equipment must be qualified to
function and scram the reactor by both
automatic and manual signals following
any HELB event.

A normal shutdown following a HELB is
assumed to take no longer than 6 hours
following break isolation before the
reactor is subcritical. RPS equipment
should be qualified for 6 hours
following a HELB. On a case-by-case
basis, justification may be developed
to reduce the qualification duration
for certain RPS components under
certain HELE events. These
justifications will be contained in the
Technical Basis Notes (Section 5.6).

The SLC System is not required for HELB
events since no degraded core geometry
is postulated for HELBs and the control
rods will stop criticality.

C-

I

VERONTYAMMM~ESIGDJGMUN

A11AcHmwF-AszLEy6-. 1LE..

3) PRIMAR LOCA PC and SC isolation em
SECONDARY ~~~~qualified to and achieve

CONTArNMENT iso b th automatic and manual
ISOLAINw __;lidfloigaLC. Unless

othritdi technical basis
notes evnnra~rQ d valves must
be qualified if they rece tic
innlation sirnals. .
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SlFETY FUNCTION ACCIDENT DISCUSSION

\ HELB Provided they do not impact manua
start of ECCS, automatic ECCS
initiation components are required
for a HELB.

Although the HP nd RCIC systems
would auto t (if available) should
the leve each the low-low level, the
MostB miting HELB scenario assumes a
1 of off-site power and HPCI and

unavailable due to the HELB . For
this e, the operator is relied upon
to manua actuate ADS and low
pressure cor oling systems.

Manual initiation propriate ECCS
is relied upon. Hanua itiation
components are included as rt of the
"Reactor Vessel Level and Pre e
Control" safety function.

--o- 6) REACTOR
VESSEL LEVEL
AND PRESSURE
CONTROL

LOCA Reactor vessel Level and pressure
control is required long-term following
any size LOCA. (See general EQ matrix
Note 2.)

The following systems/subsystems must
be qualified:

HPCI - small breaks - two hours

SRV/ADS - small and intermediate
breaks - six hours, backup to HPCI with
margin*

A and B LPCI - all breaks - long-term

& and B Core Spray - all breaks -
long-term

*(See TB-28 for SRV requirements.)
* VMMOANTWAHKMDESIGEN ~GDWElIG

CALCULMflON N . 9/ c '1%I
Sufficient valve position information
to determine flow path is required for
all above listed systems.

, An., _ _
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SAFETY FUNCTION ACCIDENT DISCUSSION

The RCIC System is not essential for
LOCA mitigation.. Its small capacity is
designed for reactor isolation
conditions rather than LOCA events.
However, the RCIC System environment,
if operated following a small break
LOCA (2 hours), would not be
significantly more severe than RCIC
operation following a loss of off-site
power anticipated operational
occurrence.

For THI-type accidents where core
damage occurs before the reactor
pressure is reduced below the low
pressure ECCS injection point, the
ADS/SRV System alone can be relied upon
to depressurize the reactor and allow
LP Systems to flood vessel.

HELB Reactor vessel level and pressure
control is required for all HELB events.

At least two (2) redundant
systems/subsystems must be qualified
for each HELB.

As a minimum, the following
system/subsystems must be qualified for
the listed IELBs.

C2,,

.

HELB REDUNDANT SYSTEHS/SUBSYSTEMS*

MAIN STEAM
HPCI
RCIC
RWCU

SRV-ADS/A and B Core Spray
SRV-ADS/A and B Core Spray
SRv-ADS/A and B Core Spray
SRV-ADS/A and B Core Spray

*(See TB-28 for SRV/ADS requirements.)

VEMONTYANMEEESGR iJEfiNGIMU

CAKcU=~~NMuaYx-.h.iW

Although the relief valves/core spray
path is the qualified path relied upon
for all HELBs, blowdown through the
relief valves would only be used if
HPCI-and RCIC are not available.

Per General EQ Matrix Note 3, unless
otherwise noted, components shall be
qualified for 7 days after the HELB.

Sufficient valve position information
to determine flow path is required.

ATMCHM9ff-FJAGE/-.J-;'PF-LJ-
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5.4.3 Equipment Qualification Catexory Letter Code

A. Equipment that will experience harsh environmental conditions of
this design basis accident and must function to mitigate such
accidents. This equipment will be qualified to demonstrate
operability in the accident environment for the time required for
accident mitigation (as specified in Associated Technichl Basis
note(s)) with safety margin to failure.

B. Equipment that will experience harsh environmental conditions of
this design basis accident within which it need not function for
mitigation of this accident but through which it must not fail in a
manner detrimental to plant safety or accident mitigation. This
equipment will be qualified to demonstrate the capability to
withstand any accident environment for the time during which it must
not fail (as specified in Associated Technical Basis note(s)) with
safety margin to failure.

The Category B qualification category includes those components that
are relied upon to actively function prior to a harsh environment
developing only, but Whose failure due to subsequent harsh
environment cannot be tolerated. The components must be qualified
to withstand the subsequent harsh environment without experiencing a
failure that could adversely impact any safety function.

C. Equipment that will experience harsh environmental conditions of
this design basis accident within which it need not function for
mitigation of this accident and whose failure (in any mode) is
deemed not detrimental to plant safety or accident mitigation. This e

equipment need not be qualified for this accident environment, but
will be qualified for its normal service environment as well as any
other accidents for which this equipment is designated as Category &
or B.

D. Equipment that will experience harsh environmental conditions of
this design basis accident but the time period this equipment is
relied upon to function (or not fail) is prior to the time when
harsh environmental conditions develop.

This equipment need not function in the subsequent harsh environment
for mitigation of this accident and its failure (in any mode) due to
the subsequent harsh environmental conditions is deemed not
detrimental to plant safety or accident mitigation. This equipment
need not be qualified for this accident, but will be qualified for
its normal service environment as well as any other accidents for
which this equipment is designated as Category A or B.

E. Equipment that will not experience harsh environmental conditions of
this design basis accident. This equipment will be qualified to
demonstrate operability under the expected extremes of its normal
service environment as well as any other accidents for which this
equipment is designated as Category A or B. VERMORTYAIMDESIGNENGIHFJG

5.4-iii CUrO .
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TABLE 7.5.1 (Continued) REV 0 J |
Reactor Building Hiph Eergy Line Brepk Environm nts

I

Main SteAm HEtC HPCt HEts ACI J

Lotiotfn * RA | I | PlotFloor. I Peak Temp.(F) Press. Humfdity ITemp.(F1 Press. fti. Kumidity I test TeupOCF Press. Humidity1 Teaip.cf)Elevation I fit. Pg. Fig. No. Frig. No. I Fig. No. No. Fig. No. Fig. No. fit. No. Fit. No. IFig. No.

1M HEUL

Press.
Fig. mo.

H11) Ntl

Peak
Humidity TeMp(F) Press. Humidity
fig. No. Fig. no. fit. mo. fig. . I

H4 H H N H H 114 1 1002 H N H H 1E1. t318 HEL1 11
Vol. 12 12I H 100t 124 N IOOS 120 H 100S 131 H 1002 S2 H 100SEl. 303' Htll EU. 12 HELt-12 NELS-12 HELI-12
Vol. 13 117 H1 100 116 H 0OOS 113 H 100t 114 100S IJI H 100tEl. 303 NtHtLt13 H ttLt13 H 1.8I13
Vol. 14 114 H 100S 115 N1005 H H 14 N H H H Htl. 303' NELI-14 NELU-14

Vol. IS 128 R 1001 126 H 100S H 1005 209 H 1002 112 H 1001El. 303' Htts-IS HEl6 ElS HEMllIS HUlSNIS
Vol. 16 M H H NH H H K 214 H 100S 111 H 100SPh. Sp. 

.16 HtUI.1SEl. 303'

Vol. 17 149 H 1 140 H 100S 126 H 100S 173 H 1001 111 H IO05l. 303' NELl-I? HtLI 17 NELU.17 NtLt-1 H t t617
Vol. 19 5N 100S 130 H 1001 122 H 100S 128 H 1002 110 N 100StP RX. HtL6IS9 H3UL19 HtUt 19 HELt-19 H1tt l9

H 100I 160 H 100I 132 H 1001 13t H 1002 129 N 1001El. 2500 J tHELl.20 J0 NE~lOU 20 tELl-20 1Ntt 1.20 NtELU20
21~ii 134 It 100I 137 H 1OOS 129 tl 1002 167 1 1002 131 H 1002.El. 280 J HEt1-21 HELS 21 HEt-21 1e . Htt6 21

KOM

YEMflTVM1EDES1GN EKGMM=IN

CMLhqm -V/ye-:47
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Airr e



CABLE 7.5.- Continued)

Reactor building High tnerw Line Break Envirounments
REV 0 11I

HaMn Stm MEoL HIMMEL$ RCIC HEW RvCU HEtt HiHS HEtS
Itoct1 AD Rtetak peFak peakfloor Peak Temp.(F) Press. Humidity Teo..(F) Press. fig. Humidity Peak Tomp.Cf) Press. Humidity Tomp.(F) Press. Humidity Teuip.(F) Press. Humidit!

Elevation Fig llo. fig. No. fig. No. Fig. no. No. Fig. No. fit. No. Fig. Ho. fig. Mo. fit. go. Fig. No. Fig. No. Fig. go. fig. lo. fig. He.
133 H 1001 133 H lOot Its H JOOS i1i9- H 1005 134 HXEl. 280'.~0~,' HtLS.22 HELS-22 NELS-22 RYCU-22 J HELS-22

2 3 131 H 1001 131 H 1OOt 124 H 100l 212 H 100I 13 1001El. 280a HELt-23 HELS-23 NELS-23 NELS-23 23 H
Vol. 24 128 H 100S 129 H 1OOt I2n H 100I 213 H 01 129 H 1OOtRVCU lHx. Httl-24 HtU-24 HELB-24 HELS-24 HELS-24El. t20-

Vol . 25 133 H 1002~S H 100S 126 H 100S H 100S 133 H 100SRWCU PP HELS-25 HE t8-25 HELS-2S HEU-25 HELS25El. 210

Vol. 26 133 H 1001 133 H 10 6 126 1001 195 H 1001 133 1001RYCU Pt HEL-26 NELB-26 2 HELMS2& HELS-26 HEl. 280'

Vol. 27 Note 6 Mote 6 Mote 6 Note 6 Note 6 Ho Rote 6 bte oot 6 Mote 6 Note 6 mote 6 mote 6 Mote IEl. 280'

Vol. 28 141 H 0OOt 132 100S 122 H 100I 12 H 1002 136 H 1001El. 280 HELt-28 HftSt HEW2HELtt-28t HELS-28
Vol. 29 159 Y 1001 1S3 H 1OOt 12N H 100 133 1 130 H 100IEl. 2tO8 HELt-t9 HELS-29 HELt-29 HfEI29 .
Vol. 30 IS7 100_ 186 H 1001 184 K 1001 175 H 0OOt 177 1001E1. 2S2- HE t-tS HELS-30 HELW-30 tELS.30 HELt-30
Vol. 31 H 1 1 H H H 111 H 100l H H H H H FRH Ms HELSU31

2
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TOLE Al

Limiting Reactor Building And Drywell
Normal Operating Doses And Dose Rates At VYVPS

For Equipment ugalifieation

ELEV. AREA RAD/hr RAD/40vr

Torus<10' Above Floor 1 3500 _
NE Corner .5 17500
SE Corner .5 1!e0DO
SW Corner .1 3 5000

\ NW ~Corner .1 35000

HPCI Room .1 / 35000

232'-6" N E mer / 517500

17500
SW Corner _v" .01 3500

NW Corner .01 3500

250 ' Steam Tunn3.5 E6

252'-6" eut tor oom 3.5 E6
iping Area .02 7000

Pers. Access Lock)
/ CRD Repair .10
PC Personnel Hatch .005
>8' Off Floor 5.0
-Remainder .05

280' RWCU Pumps & Lines .5 175000
SGTS Room & Outer Area .01 3500
Heat Ex Room & Lines 1.0 3.5 ES
Instrument Line Penetrations .2 70000
Spent Fuel Pool Lines .25 88000
Floor Drain Line .10 35000

b-- Remainder .01 3500

.3R8H<_ BWCU Phase SEP. RH 5.0 1./0 ES
_Hot Maintenance Shop .161.50 3. SE4 J

nt Fuel Heat Ex 2.0 7
Dryer arator Drain Line .10 35000

Remainder 17500

318' RWC Holding Pumps 1.0 VERMONTYAM EDESIGNENGINEERING
Skimmer Pump .X0ANNa
Fuel P00 ig~_ _ _ _ _ _

.01

Spent Fuel Pool .*1 ATTACHMEJL GEO 0F Z 3
.- -FV:-"i ftlebr , .01

* Neutron Dose Only - ' Dose is equal to "Remainder"

NOTE: All doses are for Zamma rays only, unless otherwise noted.

A-14
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TABLE '. J (continued)

Vermont Yankee __miting Radiation DoseLSncifications
(Extracted from Reference 3)

Rev. 0 01

------------------------------- Area---------------------- Radiation Dose (Notes
Building and No Beta

Floor Elevation Volume Description Shield(7)

1 and 2)
Beta
Shield(7 1

-3'-RB 280 (6) 20,21,22,28
29 (remaining
portion)

All Except: 1.2 x 106 8 x 105 'I

23, 6,27 RWCU Pump Rooms 1.5 x 106 1 x 106

24 H Heat Ex. Room 1.7 x 106 2 x 106

29 SGTS SOTS o 7x1 8 7 x 108 (3)
tOm Only\

g9 SGTS
Xuter Area
)nly

SOTS Outer Area 16 1.5 x 106

RB 303 (6) L2,13,15,17 All Exc
(except near
dryer sep.
drain line)

6 x105 8 x104 '51

RWCU Phase Sep. Room 3.1 x 106 3 x 1I &

VERMNTl71flDOMMNMWM UN

MMMUMM RNrd .±~&..

I~E v 6

7-35-
110%11



Attachments:
1 3 Pgs .
2 1 Pg
3 14 Pgs l
4 58 Pgs
5 11 Pas 1
6 25 Pgs
7 1 Pg
8 18 Pgs ;
9 1 Po
10 5 Pgs ;
11 7 Pgs ;
12 19 Pgs 5
13 4 Pgs ;

Total Pages: 53 4

14 1 Pg 27 3 Pgs
I5 4 Pgs 28 6 Pgs
16 2 Pgs 129 6 Pgs

QA RECORD?

Lh YES

n NO '

17 3 Pgs 30 4 Pgs ORIGINAL PAGE 1 OF 53 PAGES
18 4 Pgs 31 7 Pgs Rev 1: PAGE 1 OF -PAGES

29 4 Pgs 32 4 Pgs Rev 2: PAGE 1 OF PAGES
21 8 Pgs 34 1 P Rev 3: PAGE I OF PAGES
22 8 Pgs 35 1 Pg
23 2 Pgs 38 1 Pg REC.ORD TYPE.NOL :O9:CGI6)04 -t:
14 3 Pg. 37 1 Pg
25 4 Pgs 38 Pg
26 12 Pgs Safe Class/P.O. NO. MultiDe, l489A4J

F;&66/ ""2 *UNCONTROLLED COPS&

FOR INFORMATION ONLY
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Measuring & Test Equipment UnoertaInty Calculation VYC-1758 Rev. 0
Measuring & Test Equipment Uncertainty Calculation VYC-1 758 Rev. 0

Tnn Ntimb,!ri I -22gsnnilre-I f

VY-5568 Digital Pressure Gauge M&TE Heise 901B 0-200 PSIG Att. 24
VY-L-2775 Digital Pressure Gauge M&TE Heise 901B 0-2000 PSIG Att 24

VY-5656 Digital Pressure Gauge M&TE Hetse 901B 0-600 PSIG AUt 24
VY-5591 Digital Pressure Gauge M&TE Heise 901B 0-1001'H20 At. 24
VY-5566 Digital Pressure Gauge M&TE Helse 901B 0-1000-H20 AU. 24
VY-5592 Digital Pressure Gauge M&TE Heise 901B 0-1500 PSIG Ai. 24
VY-6124 Digital Pressure Gauge M&TE Heise 901B 0-400"H20 AUf. 24
W-5663 Digital Pressure Gauge M&TE Helse 901B 30"Hg VAC AUt. 24

W-L-2706 Dial Pressure Gauge M&TE Helse CM-120219 0-30 PSIG/O-830"H20 Alt 22
VY-6567 Dial Pressure Gauge M&TE Helse CM-124323 0-30 PSIG10-800"H 20 At. 22
VY-6575 Dial Pressure Gauge M&TE Heise CM-124324 O-WHg VAC/0-15 PSIA At. 22
VY-6576 Dial Pressure Gauge M&TE Heise CM-124325 0-30"Hg VAC/0-15 PSIA AtU 22

W-L-2382 Dial Pressure Gauge M&TE Heise CMM-111518 0-100 PSIG AtU 22
VY-L-2473 Dial Pressure Gauge M&TE Heise CMM-114952 0-60 PSIG AU. 22
VY-L-2468 Dial Pressure Gauge M&TE Heise CMM-1 14953 0-100 PSIG AtU 22
VY-L-2469 Dial Pressure Gauge M&TE Heise CMM-I 14954 0-300 PSIG AU. 22
VY-L-2467 Dial Pressure Gauge M&TE Heise CMM-114955 0-600 PSIG AU. 22
Y-L-2675 Dial Pressure Gauge M&TE Heise CMM-118096 0-2000 PSIG At. 22

W-L-2707 Dial Pressure Gauge M&TE Heise CMM-120218 0-1500 PSIG AUt 22
W-L-2783 Dial Pressure Gauge M&TE Heise CMM-122276 0-200 PSIG AUt. 22
W-L-2784 Dial Pressure Gauge M&TE Heise CMM-122277 0-600 PSIG Ai. 22
W-6562 Dial Pressure Gauge M&TE Heise CMM-124308 0-60 PSIG AtL 22
VY-6568 Dial Pressure Gauge M&TE Heise CMM-124309 0-60 PSIG Att. 22
VY-6563 Dial Pressure Gauge M&TE Heise CMM-124310 0-150 PSIG AU. 22
VY-6559 Dial Pressure Gauge M&TE Heise CMM-124311 0-150 PSIG At. 22
VY-6569 Dial Pressure Gauge M&TE Heise CMM-124312 0-150 PSIG AU. 22
VY-6564 Dial Pressure Gauge M&TE Heise CMM-124313 0-200 PSIG AU. 22
VY-6560 Dial Pressure Gauge M&TE IHeise CMM-124314 0-300 PSIG AU. 22
VY-6570 Dial Pressure Gauge M&TE Heise CMM-124315 0-400 PSIG AU. 22
VY-6565 Dial Pressure Gauge M&TE Helse CMM-124316 0-400 PSIG AU. 22
VY-6561 Dial Pressure Gauge M&TE Heise CMM-124317 0-600 PStG At. 22
VY-6571 Dial Pressure Gauge M&TE Heise CMM-124318 0-1500 PSI6 Att. 22
W-6572 Dial Pressure Gauge M&TE Heise CMM-124319 0-2000 PSIG AU. 22
VY-6573 Dial Pressure Gauge M&TE Heise CMM-124320 0-5000 PSIG AU. 22
VY-6566 Dial Pressure Gauge M&TE Heise CMM-124321 0-30"Hg VAC - 30 PSIG AtLt. 22
W-6574 Dial Pressure Gauge M&TE Heise CMM-124322 0-3THg VAC - 30 PSIG AUt 22
VY-5749 Digital Multimeter M&TE HP DMM 34401A VDCNACfOhmstAmps AtL 26
VY-5832 Digital Muitimeter M&TE HP DMM 34401A VDCNAClOhmsfAmps AU. 26
VY-5833 Digital Multimeter M&TE HP DMM 34401A VDCNVAC/OhmstAmps At. 26
VY-6554 Digital Multimeter M&TE HP DMM 34401A VDCNAC/OhmsfAmps AU. 26
W-6555 Digital Multimeter M&TE HP DMM 34401A V0C/VAC/OhmstAmps AtU 26
VY-6556 Digital Multimeter M&TE HP DMM 34401A VDCNACIOhms/Amps Att. 26
W-6557 Digital Multimeter M&TE HP DMM 34401A VDCACOhmsAmps AKt.26

VY-6558 Digital Multimeter M&TE HP DMM 34401A VDCNAClOhmsJAmps At. 26
VYr r559 Digital.M.. t &TE HP 0MM 3t44A VDNVACIOhm/Aznps A-

Vy-5 7Dgital Muttimeter M&TE HP DMM 3466A VD0NAC/O s AtU 25
VY-5571 Dll 1eter M&TE HP DMM 3466A hhmGrA m ps At. 25
VY-5572 Digital Muttimete TE HP DMM VDC/VACIOhmsIAmps Att. 25
W-5672 Digital Multimeter M&TE M 3466A VDCNACIOhms/Amps Atl.25

VMMWTYAWNEEDESIGN ENGiNEEiNG r M&TE ---- 4- EVJ-600-S 70-1112-F/21.1-600'C AU. 27
- I -- �- .t-- -t - --

Omeoa ZT76A Multiole Temn Rnas Att. 31

CAcmuLKiONlNO.e- J47' IMiTii Omega~ 2176A t- r! Temp ns Att. 31
M&TE Omega 4A-110 Multiple TefbOgs.;_ AM. 28

M 9 E568i A !tz -

ATIACIUL-aM12 0F2L.

Vermont Yankee Design Engineeing Page 6 of 53
Vennont Yankee Design Engineeing Page 6 of 53



Measurina & Test Equipment Uncertainty Calculdtion VYC-1768 Rev. 0
Mesun & T-s ---- om-r- Uneti- Caclto _Y 58Rv

*,@.TNagihb~r',N t'ifiber>,'4;D&es'tflpifi j ' r 4rdiufri ft Mb-Id 3MW eA;_:__________
V_____W_ ometer M&TE Omega 868F _______

VW-L-2550 Dtgttal Thermometer Multiple Temp Rngs At 30
W-5737_ _ M&TE Omega tA- M W Att 28

i D-0lal -- wtlfftm lc WfSe? -- vil;:" et:=50A lguldpFle T-cz Rl; ALZ

VY-5635 Readout Assembly - Trip M&TE Rosemount 710DUORA1 0-28mADC At. 32
Unit Calibrator

VY4636 Readout Assembly - Trip M&TE Rosemount 710DUORAI 0-28mADC Att. 32
Unit Calibrator

_-253 D;;l CaliLiatuome-ief TaGIG..t4atioUl d-l0 _ iiorwM 411.
0-22mA~O54mA _

VY-6551 Digital Calibrator M&TE Transmation 1040 -110mV0_- Att. 33

VY-6552 Dlgita ator M&TE Transmation 1040 -eOmnVio-IVI Att. 33
`5_ ~ 0-22mAtO 54mA

W-6553 Digital Calibrator T- E Transmatton_ 0-110mV10-11VI Att. 33
_ ~~~~~~~0-22nmA/054rn

W-L-0649 Digital Calibrator M&TE 1040 0-110mY/0V11V/ At. 33
.___________ _ ___________________ _ ____ ______________ 0-22mNh0-54mA

VY-L-0650 Digital Calibrator M&TE rs nsmatlon 1040 0-1OmV0-11WV Att. 33
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 0-22mnA0-54mA

WY-L-2676 Digital ClbagM&TE Trsnsmatlon 1040 0-11tOrV/0-11 V Att. 33

W-L-492 aCalibrator M&TE Transmation 1040 0-T1 1 1V Att. 33
_____________________ ._____ _______________ 0-22m A /O_ _ _

VY ; Digital Clibrator M&TE Transmation 1040 0-110mV/011WV . 33
._ _ _ _ __ .___________ . ______ _ ._ . ._ . S0-22mN0-54mA

1.3. Instrument Function (Abbreviated)

M&TE Is required for surveillance or maintenance of Technical Specifications, Safety-Related,
In-service Testing, and Environmental Qualification equipment throughout the plant M&TE is
traceable to NiST through Vermont Yankee Working standards or approved calibration facility
standards. E & C M&TE Is also used to calibrate other M&TE, Operations Department M&TE
and other Special Test equipment as required. Special Test equipment Is specifically
calibrated for special tests, e.g., gauges, etc.

CAcUaliADNMO W Ie- gle '7
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Measuring & Test Equipment Uncertainty Calculation VYC-1758 Rev. 0Mesrn & TetEupetUcranyCaclto C178Rv

3.2.6. Heise Test Gauges

Table 17 - Heise 901 Gauge Uncertainties (Attachments 6 & 24)

901A (-)28 TO +30"HG 0.001 0.070%/6 span 0.100% span
* OIA 0-150 PSIG 0.01 0.070% span 0.100% span
901A 0-300 PSIG 0.01 0.070% span 0.100% span
801A 0400 PSIG 0.1 0.070% span 0.100% span
9018 0-10 PSIG 0.001 0.035% span 0.050%/6 span
9011 30"Hg VAC 0.001 0.035% span 0.100%X span
9018 0-50"H20 0.01 0.035% span 0.040% span
901B 0-100"H20 0.01 0.035% span 0.050% span
901B 0-150"H20 0.01 0.035% span 0.050% span
901B 0-200 PSIG 0.01 0.035% span 0.050% span
9011B 0-400"H20 0.01 0.035% span 0.050% span
9018 0.600 PSIG 0.01 0.035% span 0.050% span
901B 0-1000H20 0.1 0.035% span 0.050% span
9018 0-1500 PSIG 0.1 0.035% span 0.050% span
901B 0-2000 PSIG 0.1 0.035% span 0.050% span

Notes for Table 17:
1. RA = Reference Accuracy Includes sensitivity, linearity, repeatability and hysteresis.
2. CT - Calibration Tolerance
3. CE Calibration Effect a CT
4. RE = Resolution Error (Resolution/Span)
5. TE Temperature Effect (*0.004% of Reading x Max Delta 1)/Span
6. Zero Temperature Effects are assumed to be calibrated out at time of use.
7. Temperature Errors: Zero = * 0.004% of spanlDeg F; Span f 0.004% of reading based on a ref

temp of 70 over specified mg 45-95 or20-120*F.

Table 18- Helse 730 Gauae Uncertainties (Attachments 6 & 23)

(- 31 PSIG 0.01 0.100% span 0.100% sp an
(- 100-860"H20 0.1 0.100% span 0.100% span

Notes for Table 18:
1. RA = Reference Accuracy (*0.100% Span) includes sensitivity, linearity, repeatability and

hysteresis.
2. CT - Calibration Tolerance (*0.100% Span
3. CE - Calibration Effect - CT
4. RE = Resolution Error (Resolution/Span)
5. TE = Temperature Effect (*0.004% of Span x Max Delta T)/Span
6. Vendor specified TE Is based on a 73OF reference calibration temperature this calculation

assumes calibration temperature of 70-F.
7. Temperature Errors: Maximum = * 0.004% of span/Deg F based on a reference temp of 73 over

the temperature span 45-95 or 25-125F.

CKLUI ONtYW eDE
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Measuring & Test Equipment Uncertainty Calculation VYC-1758 Rev. 0
Measrin & etEupetUcrany aclto Y-78Rv

Table 19 - Helse CM & CMM Gauge Uncertainties (Attachments 6 & 22)

0-15 PSIA'~' I ~ I 6 I_____ 02 0__._..
0-15 PSIA 0.02 0.1% span 0.1% span 0.1% span 0.02% span 0.01% span
0-30 PSIG 0.05 0.1% span 0.1% span 0.1% span 0.02% span 0.01% span

0-3045g VAC 0.05 0.1% span 0.1% span 0.1% span 0.02% span 0.01% span
0-50 PSIG 0.05 0.1% span 0.1% span 0.1% span 0.02% span 0.01% span
0-60 PSIG 0.05 0.1% span 0.1% span 0.1% span 0.02% span 0.01% span
0-100 PSIG 0.1 0.1% span 0.1% span 0.1% span 0.02% span 0.01% span
0-150 PSIG 0.1 0.1% span 0.1% span 0.1% span 0.02% span 0.01% span
0-200 PSIG 0.2 0.1% span 0.1% span 0.1% span 0.02% span 0.01% span
0400 PSIG 0.2 0.1% span 0.1% span 0.1% span 0.02% span 0.01% span
0.400 PSIG 0.5 0.1% span 0.1% span 0.1% span 0.02% span 0.01% span
0-600 PSIG 0.5 0.1% span 0.1% span 0.1% span 0.02% span 0.01% span
0-800"H20 1 0.1% span 0.1% span 0.1% span 0.02% span 0.01% span
0-1630120 1 0.1% span 0.1% span 0.1% span 0.02% span 0.01% span

0-1500 P;SIG 1 0.1% span 0.1% span 0.1% span 0.02% span 0.01% span
0-2000 PSIG 2 0.1% span 0.1% span 0.1% span 0.02% span 0.01% span
0-5000 PSIG 5 0.1% span 0.1% span 0.1% span 0.02% span 0.01% span

3arHg VAC -30 PSIG 0.1 PIg 0.1% span 0.1% span 0.1% span 0.02% span 0.01% span
VAC -.30 PSIG 0.05 PSIG 0.1 0.1% span 0.1 0

Notes for Table 19:
1. RA - Reference Accuracy Q:0.100% Span).
2. CT = Calibration Tolerance (*0.100% Span)
3. CE - Calibratlon Effect- CT
4. RE = Resoluton Error (Minor Division/4) /Span
5. HYS = Hysteresis (*0.100% Span)
6. RPT - Repeatability (*0.02% Span)
7. SENS = Sensitivity (*0.01% Span)
8. TE = Temperature Effect (0.1% of Span x (Max Delta T1500F)ySpan

VSw0)UYANKEEDEIGENWMM1IN
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Measuring & Test Equipment Uncertainty Calculation VYC-1768 Rev. 0-
Mesrn & etEupetUcranyCluainVC178Rv

Table 21 - HP 34401A Diaital Multimeter Uncertaintles (Attachments 6 & 261

r Q in f -i:,i giWeiR&A-4v I kp"s�4in i oei rn

VDC 100 mVDC 100.0000mV o0.005% rdg + 0.0035% Ma 23 : 6-C a0.0005%/ dg + 0.0005% mg)rC If out flt mg
VDC 1 VDC 1.000000V *0.004% rdg + 0.0007% mg 23 * 6C *(0.0005% rdg + 0.0001% mg)rC nf out nml mg
VDC 10 VDC 10.OOOOOV *0.0035% rdg + 0.0005% mg 23 f 65C #0.0005% rdg + 0.0001% mg)rC If out nml mg
VDC 100 VDC 100.0000V *i.0045% rdg + 0.0006% mg 23 * 6*C *(0.0005% rdg + 0.0001% mg)YClf out nml mg
VDC 1000 VDC . 1000.OOOV *0.0045% rdg + 0.001% mg 23 f 56C *C0.0005% rdg + 0.0001% mg)rC if out nml mg
VAC 100 mVAC 100.0000 mVAC Frequency Dependent 23 * 6C Frequency Dependent
VAC t VAC 1.000000 VAC Frequency Dependent 23 t SIC Frequency Dependent
VAC 10 VAC 10.00000 VAC Frequency Dependent 23 f 5*C Frequency Dependent
VAC 100 VAC 100.0000 VAC Frequency Dependent 23 * 56C Frequency Dependent
VAC 750 VAC 750.000 VAC Frequency Dependent 23 * 5C Frequency Dependent
Hz 3-6Hz 100 mVAC *1.0% rdg + 0.04% mg See VAC *(0.1'% rdg + 0.004% mg)yC if out nmi mg
Hz 6 -10 Hz 100 mVAC *0.35% rdg + 0.04% mg See VAC *(0.035% rdg + 0.004% mg)rC F out nml mg
Hz 10Hz - 20kHz 100 mVAC *0.06% rdg + 0.04% mg See VAC *(0.005% rdg + 0.004% mgYPCif out ncm mg
Hz 20-50 kHz 100 mVAC *0.12% rdg + 0.05% mg See VAC *(0.011% rdg + 0.005% mg)yCII out nml nmg
Hz 50-100 kHz 100 mVAC *0.6% rdg + 0.08% mg See VAC *(0.06% rdg + 0.008% mg)rC Ifout nml mg
Hz 100-300kHi 100 mVAC *4.0% rdg + 0.5% mg See VAC *(02% rdg + 0.02% mg)rC I out nml mg
Hz 3- 6 Hz 1-750 VAC *1.0% rdg + 0.03% mg See VAC #0.1% rdg + 0.003% mg)rc if out nml mg
Hz 6-10 Hz 1-750 VAC *0.35% rdg + 0.03% mg See VAC *(0.035% rdg + 0.003% mg)rC t out nn- mg
Hz 10Hz -20kHz -1-750 VAC *0.06% rdg + 0.03% mg See VAC *(0.005% rdg +0.003% mgyrC I out nml mg
Hz 2G-60kHz 1-750 VAC *0.12% rdg + 0.05% mg See VAC *(0.011% rdg + 0.005% mg)rC Ifout nml mg
Hz 50-100kHz 1-750 VAC *0.6% rdg + 0.08% mg See VAC *(0.06% rdg + 0.00% mg)1C f out nml mg
Hz 100-00 kHz 1-760 VAC *4.0% rdg + 0.5% mg See VAC *(02% rdg + 0.02% mg)rC If out nmt mg

ADC 10 mADC 10.00000 mA *0.05% rdg + 0.02% mg 23 * 5C *(0.002% rdg + 0.002% mg)PCif out nml mg
ADC 100 mADC 100.0000 mA *0.05% rdg +0.005% mg 23t*C *(0.002% rdg + 0.0005% mgPClf out lnml mg
ADC I ADC 1.000000 A *0.1% rdg + 0.01% mg 23 *60C #0.005% rdg + 0.001% mg)rC N out nml mg
ADC 3 ADC 3.000000 A *0.12% rdg + 0.02% mg 23*5C *(0.005% rdg + 0.002% mgyCif out nml mg
Ohms loon 100.0000a *0.01% rdg +0.004% mg 23* 5C W00006% rdg + 0.0005% mgy1Cif out nrri mg
Ohms 1kQ 1.000000kS *0.01% rdg +0.001% mg 23 *5C #0.0006% rdg +0.0001% mg)YC If out nml img
Ohms 10kn 10.00000kn *0.01% rdg + 0.001% mg 23* 5C *(0.0006% rdg + 0.0001% mg)rC I out anm mg
Ohms 100ka 100.0000kQ *0.01% rdg + 0.001% mg 23 *5 C *(0.0006% rdg + 0.0001% mgyPCif out nml mg
Ohms 1 MQ 1.ooooo0Mn *0.01%rdg+0.001%mg 23* 5*C *(0.001% rdg + 0.0002% mgy)Cif out nml mg
Ohms 10MQ 10.000OMn *0.04%rdg+0.001% mg 23*6C *0.003% rdg + 0.0004% mg)rC fout nmi mg
Ohms 100MQ 100.0000MD *0.8% rdg . 0.01% mg 23* 65C #0.15% rdg +0.0002% mg)rC K out nml mg
AAC 1A 1.000000 A Frequency Dependent 23*6.C Frequency Dependent
AAC SA 3.000000 A Frequency Dependent 23* 5fC Frequency Dependent
Hz 3 - 6 Hz 1A *1.0% rdg + 0.04% mg SeeAAC t(0.1% rdg + 0.006% mg)rCoout nml mng
Hz 5 Hz -10 Hz 1A 10.3% rdg + 0.04% mg See MG (0.035% rdg + 0.006% mg)rClf out runt mg
Hz 10 Hz - 5 kHz IA *0.1% rdg + 0.04% mg See MC #0.015% rdg * 0.006% ngv)rfCf out nml mg
Hz 3 -Hz 3A :1.1% rdg + 0.06% mg See MC *(0.1% rdg + 0.006% mg)rl If out nrrl mg
Hz 6Hz-10Hz 3A *0.35% rdg + 0.06% rng See AAC *(0.035% rdg + 0.006% mg)C Ifout nn- mg
Hz 10 Hz -5 kHz 3A *0.15% rdg + 0.06% mg See MC *(0.015% rdg + 0.006% mg)1C If out nnt mg

Notes for Table 20 & 21:
1. RE c Resolution/Reading
2. SENS a Sensitivity is assumed to be included In the RA & Resolution Errors
3. RA = Reference Aocuracy Is based on Max Reading of desired cal span (Not Range of DMM).
4. TE - Temperature Effect Is based on Max Reading of desired cal span (Not Range of DMM).
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3.2.10. RosemountReadoutAssembly

Table 31 Rosemount Readout Assembly Uncertainties (Attachments 9 & 32)
*-Ol~Ng WSWU! ~ oisfflt -lMt.Muriff-l' soR iw

0-10mA | 10.00mA I * 0.01 mA | No effect If within operating temp range I * 0.01mA
9-19mA 19.00mA |*.OlmA |Noeffectlffwithin peratingtemp ran e 0.01.rnA
18-28mA 28.OOmA |*O.OlmA Noeffectfwithinoperamtntemp range 0.01rnA

Notes for Table 30:
1. RE = ResolutionlReading
2. Normal Operating Temperature Range 40 - 104 F
3. The operating temperature range Is assumed to bound all testing temperatures at Vermont

Yankee.
4. RA = Reference Accuracy Is based on Max Reading of desired calibration span (Not Range).
5. Total Units (TDErdout) Is based on Max Reading of desired calibration span (Not Range).

3.2.11. Transmation 1040S & SP

Table 32 Transmation 1040S & SP UncertaIntles (Attachments 10 & 33)

110-rnV 110.00mV * 0.06% of mg + *0.0015% 0.01% 0.02% '*2 Count shift(5.3 -
. _ 0.06% of rdg max mgPF 4.7v)

0-1IV 11.000V * 0.04% of mg + * 0.0015% 0.01% 0.02% < :2 Count shift (5.3 -
0.03% of rdg max mgrF 4.7v)

0-22mA 22.OOmA * 0.12% of mg + * 0.0015%e 0.05% 0.02% c 2 Count shift (5.3 -
0.06% of rdg max mgrF 4.7v)

O-54mA 64.O0mA * 0.06% of mg + * 0.0015% 0.02% 0.02% c * 2 Count shift (5.3 -
0.06% of rdg max I mgrF 4.7v)

Notes for Table 30:
1. RA Reference Accuracy, based on Max Reading of desired calibration span (Not Range).
2. RE - Resolution Error (Resolution/Reading).
3. TE = Temperature Effect, based on Max Reading of desired calibration span (Not Range).
4. SENS = Sensitivity (% of Full Scale)
5. PS = Power Supply Effect (*2 Count Shift for variations 5.3 to 4.7VDC).
6. Repeat - Repeatability (%/a Range).
7. Recommended Ambient Temperature Range 0 - IIOF

4. CALCULATION DETAIL

The detailed calculation of the module uncertainties and loop uncertainties has been done using
Microsoft Excel Version 97 SR-1 and is documented as Attachments I through 10. For greater detail
of the values presented In the body of this calculation refer to the attachments listed. [At. 1-10, Ref. 6.1.2]

Standard Terms used within this calculation
CE = Calibration Effect CT = Calibration Tolerance
HYS = Hysteresis RA = Reference Accuracy
RE = Resolution Error RPT = Repeatability
TDE = Total Device Error TE = Temperature Effect or Temperature Coef.
Max AT = Maxdmum temperature differential between reference calibration temperature and room or
area temperature where MTE Is to be used. VEMORNTYAWMDESONENGimNG
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Table 62 Fluke Model 8520A Dilital Multimeter Ohmic Ranges Total Device Errors (Attachment 41

10 n 19 9999 0.0261% 0,00261 0.0282°h 0Q00282 0.0284%/ 0,00284 0.0286Yo 0.00286 0.0292@h 0,00292
_ 0 _Qo 199.999 0Q0157% 0.01569 0.0189% 0.01892 0.01I92%A Q01921 0.0195% 0.01951 -Q0204% 0Q02045

lOOO n 1999.99 0QOIS7% 0.15687 0.0189% 0.18918 0.0192% 0.19208 0.0195% 0Q19506 0.0204% 0.20448
10 kO 19.9999 0.0157% 0.00157 0.0189% 0.00189 0.0192% 0.00192 0.0195% 0.00195 0.0204% 0.00204
100 k2 199.999 0.0174% 0.01737 0.0239% 0.02392 0.0245% 0.02447 050% 0.02504 0.0268% 0.02680
1 Mn 1.99999 0.0236% 0.00024 0.0350% 0.00035 0.0360% 0.00036 0.0369% 0.0003M7 00398% 0.00040
_ !- _ IA A~fl A A_ p I n A e n Ac nA nfgt -n A AAAnnne A AA0sa) A A- nn A A .n n -t A

t S | _ Jy u~~~~uI

I Ise Test Gauges

I 4 | Ta

I. 15 0 0.

n 6 m S9 8 O.

300 0.
-4 k z 400 0.

L9-g7 I VUIOU I J.'YW7§ I U.VJYYWI I U.UYObj- I .WUY6 I U.1WJA170 U.UIUUI 1 U.IUDI70 U.UIUNS
- m I d I~~~~~~~~~~~~~~~~ --- I .

[Att 5, Ref. 6.1.2]

ble 63 Helse 901A Dilqtal Pressure Gauae Total Device E ors lAttachment 5I

OeRMOMRM)AMW
!-__

, ... 
.....

RFBMWXM2-32, . Z S ,._ �S

:RMIU=VadMfitd4 MRB RHRCmr Rhi 213'
I -

'1-t'ITDE Units
.1021% 1 0.0592 1 0.1223% I 0.0709 I 0.1235% I 0.0716 10.1247%o 1 0.0723 - 0.1285% 1 0.0745
)1079% 0.1619 0.1689% 0.2534 |0A1722% 0.25833 0.1754% | 0.2632 0.1854% | 0.2781
1078% 03233 0.1688% 0.565 0.1721% 0 .5162 1 0.1753% 1 0.5260 0.1853% 1 0.5560
.1106% 0.4423 0.1706% 1 0.6826 1 0.1739% ! 0.6954 0.1771% 1 0.7084 0.1870% 1 0.7479

Table 84 Helse 90tB Otatfal Pressure Gamre Total DevIce Erronr fAttachment rI

I~~eI~eiP 5 _ S - - mE ~ It

VP~~~~~~~jl B ntifgmm/ ~*rDB~unfts
0-10 PSIG 10 0.0648% 0.0065 0.1452% 0.014S 0.1490% 0.0149 0.IS28% 0.0153 0.1641% 0.0164

302Hg VAC 30 0.107% 0.0323 0.1688% 0.0507 0.1721% 0.0516 0.1753% 0.0526 0.1853% 0.0556
0-50"H20 SO 0.0600% 0.0300 0.1432% 0.0716 0.1470% 0.0735 O.IS08% | 0.0754 0.1623% 0.0811

0-100-1H20 100 0.0648% 0.0648 0.1452% 0.1452 0.1490% 0.1490 0.1528% 0.1528 0.1641% 0.1641
0-1501H20 150 0.0644% 0.0966 0.1451% 0.2176 0.1488% 0.222 0.1526% 0.2289 0.1640% 0.2459
0-200 PSIG 200 0.0642% 0.1295 0.1450%0 0.2900 0.1487% 0.2975 0.1525% 0.3050 0.1639% 0.3278
0-400"H20 400 0.0641% 0.2563 0.1449% 0.5797 0.1487%/| 0.5947 0.1525% 0.6098 0.1638% 0.6553
0-600PSIG 600 0.0641% 0.3843 0.1449% 0.8695 0.1487% 0.8920 0.1524% 0.9147 0.1638% 0.9830
B-IOOOH20 1000 0.0648% 0.6481 0.1452%A 1.4524 0.1490%A 1.4900 0.1528% 15276 0.1641% 1.6412
0-1500 PSIG 1500 0.0644% 0.9657 0.1451% 2.1758 0.1488%o | 2.2322 0.1526% 2.2887 0.1640%e 2.4593
0-2000 PSIO 2000 1 0.0642% 1.2845 0.1450% 2.8997 L.1487% 2.9749 0.1525% 1 3.0503 0.1639% 3.70-00 PI -- m .27m9
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Me*. msg &Test Equlpment UncertalntyCalculaton \tYC-1758 Rt.. a)

Table 65 Helse 730 Digital Pressure Calibrator Total Device Errors (Attachment 5)

I (-*431 PSIG 35 0.1114% 000390 J 0.1712% 0.0S99 i .1744% OD610 0.1776% I 0.0622 0.1875% Q.06561
(-)100-860"H=0 960 0.1082% 1.0388 0.1691% 1.6236 0.1724% 1.6547 0.1756% 1.6860 0.1856% 1.7817

Table 6B Helse CM & CMM Dial Pressure Gaune Total Device Errors (Attachment O

0-50 PSA i S 0.14846% 0.0223 0.1620% 0.02 0.1621% 0.0244 0.1637% 0.0246 0.1650% 0.0825
0-30 PSIG 30 0.1504% 0.0487 0.16399"4 0.0495 0.1647% 0.0494 0.1656% 0.0497 0.1643% | 0.0O86

0-30"HGVAC 30 0.1504% 0.0467 0.16390° 0.160 0.164713 0.0494 0.1656% 0.0497 0.1683% 0.1050
050PSIG 1O5 0.1467% 0.0734 0.1605% 0.08021 0.1613% 0.0807 0.1622% 0.0811 0.165W9% 0.0825
0-20 PSIG 600 0.1461% 0.0876 0.1699% 0.0959 0.1607% 0.0964 0.1616% 0.0970 0.1644% 0.0986

0-100 PS1<3 100 0.1467Yo 0.1467 0Q1605% 0.1605 1 0.1613% | Q1613 0.16?2YV 0.1622 0.1650% 0.1650
0-150 PSIG ISO 0.14SSY 0.2183 0QIS94% 0.2391 70.1602% r0.2404 0.1611% 02417 0.1639*/e 0.2458
0 200 PSIG - 200 0.1467% 0.2934 Qf160S% 0.3209 0.1613% 0.3226 0.1622° -0.3244 0.16SO0e 0.3299
0-300 PSIG 300 0.1455% 0.4366 0.1594% 0.4781 0.1602% 0.4807 0.1611% 0.4834 0.1639% OA917
0.400 PSIG 400 0.1479% 0.5916 0.1616% 0.6462 0.1624% 0.6496 0.1633% 0.6531 0.1660%A 0.6641
0.600 PSIG 600 0.1461% 0.8764 0.1599ff 0.9592 0.1607% 0.9644 0.1616% 0.9697 0.1644% 0.9862
0.800-H20 800 0.1479% 1.1833 0.1616% 1.2925 0.1624% 1.2993 0.1633% 1.3062 0.1660% 1.3281
0-830'H20 830 0.1477Y 1.227 0.1613% 13391 0.1622% 1.3462 0.1631% 13535 0.1658% 1.3762

0-tSOO PSIG 1500 0.1455% 2.1829 0.1594% 2.3907 0.1602% 2.4036 0.1611% 2.4169 0.1639% 2.4584
0-2000 PSIG 2000 0.1467% 2.9343 0.1605% 3.2093 0.1613% 32265 0.1622% 3.2440 0.1650% 3.2990
0-SOOOPSIG 5000 0.1467% 73357 0.1605% 8.0232 0.1613% 8.0661 0.1622% 8.1100 0.1650% 8.2476

30"HgVAC-30PSIG 75.816 0.1483% 0.1124 0.1619% 0.1227 0.1627% 0.1234 0.1636% 0.1240 0.1663% 0.1261
30"Hg VAC -30 PSIG 44.736 0.1472% 0.0659 0.1609% 0.0720 0.1618% 0.0724 0.1627 0.0728 0.1654%

. ~It
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Me*. . ing & Test Equipment Uncertainty Calculation I
WC-175A Rplu A

Table 74 HP 34401A Digital Multimeter Amp DC Ranges Total Device Errors (Attachment 6)

Hrt3s4 Wl td!PP tin)fthf2.32!',k! i ' Dr f A3I' -RB RBR Cmnr-Rm 213

110 {~~~~~~~~~~~~~~~~~~~~~~~~~~r I = . . ,BY. M=EI jts.. ID.Un 5
1 20 | mADC I 0 1o 0.0758% 0.015_161 | 0.924% 0,018484 0.09390As 0.018780 0QQ954% 0.019085 .0.1002% 0Qo20047
| 50 | mADC | 100 | 0.0604% 0.030223 1_0.07000/, 0.034986 0.0708%/ 0.035422 0Q0717% 0.035872 0.0746% 0.037301

10 mADC 10 0.0707% 0.007068 0.0849%/ 0.00488 0.0862% 0.008615 0.0875% 0.008747 0.0916% 0.009162
100 mADC 100 0.0553% 0.055339 0.0626% 0.062650 0.0633% 0.063327 0.0640% 0.064027 0.0663% 0.066256
l ADC - 0.1110% 0.001110 0.131% 0.001315 0.1333% 0.001333 0.1352% 0.001352 0.1413% 0.001413
3 ADC 3 0.1410% 0.004231 0.1633% 0.004898 0.1653% 0.004959 0.1674% 0.005022 0.1741% 0.005222

Table 75 HP 34401A Digital Multimeter Ohmic Ranaes Total Device Errors (Attachment 6)

100 a 100 0.0111% 0.011133 0.0133% 0.013841 0.0141% 0.014060 0.0143% 0.01206 0.015% 0.021540
1 kQ I_ 1 0. IQ0114% i 0.00011 0.0138% 0.000138 0.0187% 0.000187 0.0142% 0.000192 0.0209% 0.0000
110W t1 0.0111% 0.001113 0.0138% 0.001384 0.0141% 0.001408 0.0160% 0.006405 0.0164% 0.006485

100 W 100 0.0111% 0.011133 ~0.0138Yo% 0.013841 0.Q0141%1/ 0.014080 0 Q0i43% 1-0.014326 .1 O.IS% g QOISIOO
I | MQ | 1 0.0114% | 0.000114 0.0181% |.DOS 0.018 |Q0187°h | 0.000187 | Q0192% |0Q000192 | 0.209ai |0.00-0209

! 0 MO 10 0.0418'A 1 0.004183 0.0578%< 0 .005784 10.0592ei 0 .005919 0 Q0606% 0.006057 0.06489% 1 0-.006485
100 MC 100 0.8893%_ 0.889327 1.9760% 1.976043 12.0524% 2.052440 2.1294% 1.129366 2.3628% 12.362800

Table 76 HP 34401A DIolta Multimeter Amp AC (1OHz - 5kz) Ranqes Total Device Errors (Attachment 61

st 4A 7,ij ~7f tgmlf,,ff 1fl 0. ,, Ia 0, .iVlE 3, 11 1S. w 8tE 3
1 ~ 5 1w ~ ~D D~Uit

_ L AmpAC L 3 I Qo0648S 03280% !0.1491% 0.001491 2 028830 02985% 0.002985 030 0.003089 034
3 An~~~~pAC 3 ~~~ 0.2162%A 0.006485 0.3280% 0.081 03371% 0.010112 0.3463% 0.010388 0.3747% 0.011241

6m
I0_

.1N
M
P I

a
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Mea--. ing & Test Equipment Uncertainty Calculation VYC-1768 Re.. J
Mea..,.., ing & Test Equipment Uncertainty Calculation WC-1758 Re.. �

Table 86 Omeaa 2176A TemRerature Indicator Total Device Errors (Attachment 8)

_ _ _ _ _ _ _ _ _ _ L S 1 C ~ ~ ~ ~ ~~~~~~~~E O L S S 1.566 _ _ _ _ _ _ _ _ _T (0)99.8toooc 1312C 1343°C 134. C_ 1.3S2C 136r7C
O to7 7.8C 1213°C 1.261°C 1.269°C 1.278°C 13076C

K (-)99.8 to 0°C 1.609°C 1.635°C 1.639°C 1.642C 1.6SS°C
0to999.8°C USI°C 15scC 1.-66°C 1.S7S°C 1.6060C

T (0)99.8 to 0°C 1.716°C 1.762°C 1.768°C 1.7729C 1.7981C
3 to 4009 C 1.02S°C 1.106°C 1.1 17°C 1.1293C 1.168°C

K (-)99.8 to 03C 1.8143C 1.868°C 1.86S°C 1.871°C 1.8937C
Oto999.8°C 2.017°C I .S89°C 1.601°C 1.6132C .1696C

T (-)99.8 to 32°F 2.316°F 2.372F .2381?F 2.39°F 2.2i7F
- ~~~32 to 999.8°1F 1.821 F 1.909°F 1.923°F 1.937°F 1.986°F

K (-)99.8 to 32°F 813°F 2.86°F 2.867OF 2.874OF 2.897*F
32 to 999.8Y 2.019°P 2.099°F 2.1 11°F 2.124°F 2.169°F

T ~(-)99.8 to 32°F 3.122°F 3.206°F 3.217OF 3.23°F 3.27 F
32 to 752Y 1.741°F 1.895uF 1.917F 1.94°F. 2.014°F

E (-)99.8 to 32'F 3.222'? 3.303°F 3.314°F 3.326°F 3.365°F
____________ 32 to 999.8'? 2.035? 2.175SF 2.195°P 2.21?F 2.287F

5.1.11. Rosemount Readout Assembly [Att. 9, Ref. 6.1.2]

I I

1Wi

Table 87 Rosemount Readout Assembly Total Device Errors (Attachment 9)

4 mA 10 1 0.3536% 0.0141
. 12mA 19 1 0.1179% 0.0141

20 mA 28 0.0707%| 0.0141

Vemn Yake DeinEgnen ae5 f5
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Dept. Mgr. B Proc. No. OP 4312
PORC , s3 1 Rev. No. 21
Plant Mgr. Issue Date 05/18/98

Review Date 05/18/03

REACTOR VESSEL HIGH PRESSURE SCRAM FUNCTIONAL TEST/CALIBRATION

PURPOSE

To provide the information necessary for department personnel to perform a
functional andlor calibration of the Reactor Vessel High Pressure Scram instruments.

Performance of the Functional Calibration (Section A) section of this procedure
satisfies the Functional Test requirements as specified by the following Technical
Specifications:

Ieble 4.1.1 RPS High Reactor Pressure Scram

Performance of the Functional Calibration and Transmitter Calibration sections of
this procedure satisfy the Calibration Test requirements as specified by the following
Technical Specifications:

Tsble 4.1.2 RPS High Reactor Pressure Scram

The use classification of this procedure is Continuous Use.

DISCUSSION

The high pressure scram Instrumentation consitts of Rosemount Pressure
Transmitters which sense reactor pressure through the constant head reference chambers.
The outputs of these transmitters are connected to Rosemount trip/calibration units which
change state when their parameters are exceeded. This action de-energizes relays which
provide alarm and trip signals to the Control Room.

Each of the below listed transmitters provide signal Input to associated master trip
units which In turn provide trip functions and Indication. The functional test is performed
using the installed calibration unit and portable Readout Assembly. During the transmitter
calibration, the below listed transmitters will be calibrated.

A head correction of 12 PSI has been applied to the transmitter calibration.

OP 4312 Rev. 21
Page 1 of 9



The Reactor Vessel High Pressure Scram instruments are designated as follows:

Instrument
Number

Scram
SubchanneL

Scram Relay
and LocationLocation

PT-2-3-55A Rack 25-5
Cab 25-5A

A-1 5A-K5A CRP 9-15

PT-2-3-55B

PT-2-3-5 5C

Rack 25-5
Cab 25-5A

Rack 25-6
Cab 25-6A

B-1

A-2

5A-K5B CRP 9-17

6A-K5C CRP 9-15

PT-2-3-5 5D Rack 25-6
Cab 25-6A

B-2 5A-K5D CRP 9-17

SURVEILLANCE SETPOINT CRITERIA

In~tr~ent Kessurd VYC Lb5P/Teeh V rP YCU
Huiber Parameter Action SI c Setting As-FoundJnstnnent easured VY LSP/Tech VT Trip Y- :I

I PT-2-3-55A-D(H) Rx Press
Iml

Scram 1038 psig/IsO55 15.04 to
I I PSIG t515.25 wAl I 15.10 uA

I .04 PA (HTU) i
I *.17 pA (Xmtr) I

ATTACHMENTS

1. VYOPF 4312.01

2. VYOPF 4312.02

Reactor Vessel High Pressure Scram
Data Sheet

Functional Calibration

Reactor Vessel High Pressure Scram Transmitter Calibration
Data Sheet

* REFERENCES

1. Technical Specifications

a. Tables 3.1.1, 4.1.1 and 4.1.2

2. Administrative Limits

a. AP 0125, Plant Equipment Cgntrol

3. Other

S.
b.
C.
d.
e.
f.
(1.
h.

GEK-32430 - VY Reactor Protection System
VYEM-0048 Rosemount 11 62GP Transmitters
VYEM-0053 Rosemount 710DU Trip System
GE Elem. Dwgs. 730E365, Shts. 1-19
VYNPS fSAR Section 7.2
CWD 803, 805, 806, 808, 810, 812, 813, 815
EQ Files #2-3-5 and 2-3-7
VYC-467, Rx Hi Press Trip Loop Accuracy Review

, D E S E1rrVe
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-------

I.

I.
k.
I.
M.

Calibration Calculation VYC-332
VY Technical Specification Logic System Functional Methodology
AP 0021, Work Orders
AP 0310, Surveillance, Preventative and Corrective Maintenance Program
AP 6807, Collection, Temporary Storage and Retrieval of QA Records

PRECAUTIONS

1. De-energizing any one Instrument will cause a Relay Channel Trip (HALF SCRAM).

2. Exercise care when returning the instrument to service so as to preclude a sudden
pressure surge on the Instrument sensing line which Is common to other
Instrumentation.

3. Only one (1) instrument will be calibrated or functionally tested at a time.

4. If this procedure cannot be completed as written, hold at the most secure point,
notify the Shift Supervisor and discuss the problem and possible resolution with an
I/C supervisor.

5. If the need for corrective maintenance is determined within the performance of this
procedure, initiate a Work Order Request (WOR) per AP 0021.

6. Ensure that there is no other surveillance testing involving the RPS or PCIS systems
In progress at this time.

PREREQUISITES

1. Measuring and Test Equipmrent required:

B. Gauge, Helse Model 901 B, Span ;2000 psi (transmitter call or Heise Model
CM or CMM gauge, Span :s2000 psi (transmitter call

IIII
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PROCEDURE

A. Functional Calibration

1. The Shift Supervisor Is fully knowledgeable of the scope of this procedure
and by initialing the data sheet, grants his permission to perform the work.

NOTE

Master Indicator readings (Step 10) can be recorded anytime input
conditions are met.

2. Establish phone communlcations between CRP 9-15117 and Racks 25-516.

3. Verify that the referenced CRP 9-16/17 RPS relays are energized and that
the CRP 9-1 5/17 CRD Scram Solenoid Group 1-4 lights are ON.

NMTE

During the performance of this procedure, Individual module GROSS
FAILURE lights may energize, but immediate reset should be possible
by momentarily depressing the reset button.

4. Install the Readout Assembly as follows:

a. Ensure the center knob of the Command/Calibrate switch and the
Transient Current knob are pulled out.

b. install the Readout Assembly In the Calibration Unit in Card File
25-5A-A1/B1 or 6A-A2/B2 as applicable.

c. Energize the Calibration Unit.

d. Allow approximately 2 minutes warm up time.

NOTE

The COMMAND Calibrate switch Is a two part switch on the
calibration unit. The outer switch selects the trip unit under
calibration, the inner switch selects the master trip unit which drives
its associated slave unit. To calibrate a master unit, both switches
point at the same position, i.e., position 1,1.

c Xlu E~o tGNVV -G
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5. Using the Command Calibrate switch, select master unit to be tested in Cab
25-5A16A according to the following table:

.Command/Cal Sw. .
Trio Unit Inner/Outer Posn Locatin

PT 2-3-55A(M) 1-1 Cab 25-5A-Al
PT 2-3-55B(M) 1-1 Cab 26-SA-BI
PT 2-3-55C(M) 1-1 Cab 25-6A-A2
PT 2-3-55D(M) 1-1 Cab 25-6A-82

6. Adjust Stable Current knob for a cal current indication on the readout
assembly to 14.67 mA * .lrnA (1000 psig).

7. Press the center knob of the Commend/Calibrate switch in to enable the
calibration unit.

a. Verify calibration unit cal status LED - ON.

b. Verify Associated Annun:

9-4-N-3 RPS 5A-A1/6A-A2 GROSS FAILURE - ALARM
9-4-P-3 RPS 5A-B1/6A-12 GROSS FAILURE - ALARM

c. Ensure Readout Assembly trip LED Is OFF. Reset if necessary.

8. Increase the Cal Current Indication until the Readout Assembly Trip Status
LED comes ON and the trip current display latches. Verify:

a. Associated Master Units Trip LED - ON,

b. Associated CRP 9-15/9-17 relays - DE-ENERGIZE,

c. Annun 9-5-K-3 REACTOR PRESS Hi - ALARM,

d. Associated Annuni

9-5-K-1 AUTO SCRAM CH A - ALARM
9-5-L-1 AUTO SCRAM CH B - ALARM

e. CRP 9-15/9-17 CRD Scram Solenoid Group 1-4 Lights - OFF,

f. record the As-Found trip current.

9. Decrease the cal current until the readout trip LED goes OFF.

a. Adjust the trip point on the front of the master unit under test and
repeat Steps 8 and 9 as necessary for a trip point of 15.07 *.03 mA
(approx. 1038 psi) as indicated on the Readout Assembly.

b. Record the As-Left trim current on the data sheet.
VEROURYNEDESIGN ENWIND
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10. Using the cal current indication, apply the below listed milliamp values and
record the associated master unit As-Found Indications on the data sheet.

a. Adjust the master unit zero adjustment (internal) as necessary to
bring the indications within the tolerance and record the As-Left
values.

Test Current Required Master Indication

5.6 mA 150 :t 75 psig
12.0 mA 750 ± 75 psig
18.4 mA 1350 i 75 psig

11. Adjust the Stable Current knob for a cal current indication on the readout
assembly to 14.67 mA * .1 mA (1000 psig).

12. Request the Control Room Operator reset the half scram condition. Verify:

8. Associated Master Trli LED - OFF,

b. Associated CRP 9-15/9-17 relays - ENERGIZE,

c. Annun 9-5-K-3 REACTOR PRESS Hi - CLEAR,

d. CRP 9-15/9-17 CRD Scram Solenoid Group 1-4 Lights - ON,

e. Associated Annun:

9-5-K-1 AUTO SCRAM CH A - CLEAR
9-5-L-1 AUTO SCRAM'CH B - CLEAR

13. Remove the Readout Assembly as follows:

a. Pull the center knob of the Command/Calibrate switch OUT.

b. Return the inner ard outer switches to OFF.

c. Depress the Master Gross Fail pushbutton.

d. De-energize the Calibration Unit.

e. Remove the Readout Assembly.

14. Verify the following:

a. Associated Master Unit G;oss Failure LED - OFF,

b. Calibration Unit Cal Status LED - OFF,
VRONTWDCEDESiQN BGIUfiN
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c. Associated Annun:

9-4-N-3 RPS 5A-AI/6A-A2 GROSS FAILURE - CLEAR
9-4-P-3 RPS 5A-B1I6A-B2 GROSS FAILURE - CLEAR

15. Repeat Steps 3 through 14 for Master Units 65B, 55C, end 55D.

16. When testing is complete, proceed to Final Conditions.

B. Transmitter Calibration ;

1. The Shift Supervisor Is fully knowledgeable of the scope of this procedure,
and by initialing the data sheet, grants his permission to perform the work.

2. Remove the cover from the terminal side (left side of transmitter when
adjustment access cover Is on top) of the transmitter to be tested end Install
a DMM (100 mA range) across the transmitter "Test" connections,
observing polarity.

3. Ensure that the center knob of the Command/Calibrate switch and the
Transient Current knob are pulled OUT.

NOTE

During the performance of this procedure, individual module GROSS
FAILURE lights may energize, but immediate reset should be possible
by momentarily depressing the reset button.

4. Install the Readout Assembly Into the Calibration Unit for tfie applicable unit
being tested (see Table 1), and perform the following:

a. Energize the Calibration Unit.

b. Adjust Stable Current knob (*t .01 mA) for the existing transmitter
loop current value,'as displayed on the DMM. If DMM is < 4 mA,
adjust to 4.00 mA, of >20 mA, adjust to 20.0D mA.

c. Using the two-part Command/Calibrate switch, select the master unit
C3 Hi | %for the transmitter to be tested according to the table below:

Switch Position

I Trl Unit Outer-Lnner Location

.4 : b i PT 2-3-55A(M) 1-1. 25-5A-A1
PT 2-3-55B(M) 1-1 25-5A-B1
PT 2-3-55C(M) 1-1 25-6A-A2
PT 2-3-55D(M) 1-1 25-6A-82

d. Press the center knob of the Command/Calibrate switch IN.

OP 4312 Rev. 21
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5. Isolate the transmitter to be tested as follows:

a. SHUT the Isolation valve.

b. Second party verify Step 5.a.

c. OPEN the Test valve.

6. Connect the test pressure source to the test connection.

TABLE 2

II
iI
t

I

I

II

I

II

II

I

.1I

II

I

I

Input .Desired Output

12 psi 4.00 :t.04 mA

387 psi 8.00 *.04 mA

762 psi 12.00 *.04 mA

1137 psi 16.00 *.04 mA

1512 psi 20.00 i±.04 mA

1137 psi 16.00 *.04 mA

762 psi 12.00 *.04 mA

387 psi 8.00 t.04 mA

12 psi 4.00 ± .04 mA

7. Apply input pressures per Table 2 and record the As-Found mA data as
Indicated on the DMM.

8. If As-Found data is in tolerance, record the required As-Left data In Step 10
and proceed to Step 11.

9. If the As-Found data Is out of tolerance, alternately apply pressures of 12,
762, and 1512 psig and adjust the transmitter zero, linearity, and span as
necessary.

10. Apply input pressures per Table 2 and record the As-Left mA data as
Indicated on the DMM.

11. Remove the test pressure source from the test connection.

12. Return the transmitter to service as follows:

a. SHUT the Test valve. C U H O_ _

b. OPEN the Isolation valve.

c. Second party verify Steps 12.a and b.

OP 4312 Rev. 21
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13. Ensure that the transmitter output has returned to normal (near the rnA value
of Step 4.b). Remove the DMM and reinstall the transmitter cover.

14. Verify applicable Environmental Qualification requirements listed in the
referenced file have been satisfied.

15. Remove the Readout Assembly as follows:

8. Pull the center knob of the Command/Calibrate switch OUT.

b. Return the inner and outer switches to OFF.

c. Depress the Master Gross Fail pushbutton.

d. De-enbrgize the Calibration Unit.

e. Remove the Readout Assembly.

16. Notify the Control Room operator upon completion of each transmitter
calibration and prior to beginning the next transmitter to be calibrated.
Repeat Steps 2 through 15 for the remaining transmitters to be tested.

17. Proceed to Final Conditions.

ACCEPTANCE CRITERIA

1. Successful operation of all instruments, relays, alarms and annunciators as
applicable for existing plant conditions.

2. All calibration and setpoint values shall be within the specified values stated on
VYOPF 4312.01 or .02.

FINAL CONDITIONS

1. Notify the Shift Supervisor on completion of functional/calibration test and of any
discrepancies.

2. EQ maintenance, If performed, is documented on an equipment specific sub-work
order.

3. Return the completed VYOPF 4312.01 or .02 to an EIC supervisor for review
(AP 0310) and filing In accordance with AP 6807.

Mo10NYEA1IEfEIlKBGI4EERUNQ
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TITLE: FMACTOR VESSEL HIGH PRESSUR8 SCRAM FUNCTMONAL CALIBRATION DATA SHEET

LOCATION: CONTROL ROOK

STEP REQUIRED
_ 

, 
_

l 
. l

1. Ss Permission

2-3-5A(i) 2-3-5S (E ) 2-3-SSC(H) 2-3-5SD(M)

3 5A-XSA | SA-K5A 1 SA-KSA I SA-K5A

Relays ENERGIZED throug thrDug throug .throug
hD .hD . h. .

CRP 9-15/17
Lights ON

9-4 9-4 . 9-4 9-4

7.b Annun Alarm N-3 . P-3 N-3 P-3

8.b Relay DE-ENERGIZED 5A-SKA _ SL-rsB 5A-XSC | 5A-RSD

e.c Annun 9-5-K-3 ALARM

9-5 9-5 9-5 9-

8.d Annun ALARM X-1 L- -1 |L-

CRP 9-15/17 Lights
8.e OFF

12.b Relay ENERGIZED 5A-KSA |A-X5B 5A-XSC SA-R5D

12.a Annun 9-5-K-3 CLEAR ___ ___

CRP 9-15/17 Lights

12.d -ON
9-5 9-5 9-5 9-5

12.e Annun CLEAR X-1 L-1 *X- L-1

9-4 9-4 9-4 9-4

14.c Annun CLEAR N-3 P-3 N-3 P-3

Discrepancles/Remarks:

vwmfwW~ES1GKEQOKGHMG
_ _ _ _

MwwMI/OMVIDE"6 EHIN
VYOPF 4312.01 (Sample)
OP 4312 Rev. 21
Page 1 of 2
RT No. 04.T03.164



TXTLEZ I EAC OR VESSEL HIGH PRESSURE SCRAM FUNCTXONAL CALIBRATION DATA SHEET (Continued)

LOCATIONt EPS CAB 25-SA16A

STEP REQUIRED 2-3-55A(M) 2-3-55B(H) 2-3-SSC(H) 2-3-55D()

7.a LED ON

8.a LED ON

8.f As-Found 15.04-15.10 mA

9.b As-Left 15.04-15.10 mA _

10 As-Found 75-225 psli

As-Found 675-825 psi _ _ ,

As-Found 1275-1425 psi .

1o.a As-Left 75-225 psi

As-Left 6?5-825 psi

As-Left 1275-1425 psi

12.a LED OFF

14.a LED OFF

14.b LED OFF

M/TE Used (VY SN/Due Date):

TDS~crepancie5/Remark5?

Tested Eys Dates

Shift Supervisor: Dates

I . _ _ _ .. Dates; . EJC supervisor zRerJewu
Y 3 I M U U Z ujiiva .llL! DW . ........

cAIEun A f~~v.&lO urk "__~ ____clmUnIum~ u~s

VYOPF 4312.01
OP 4312 Rev. 21
Page 2 of 2



TITLE: REACTOR VESSEL HIGH PRESSURE SCRAM TRANSHrTTER CALIBRATION DATA SHEET

STEP _I REQUIRED

I1. I SS Permission

INSTRUMENT NUMBER PT-2-3-55A PT-2-3-55B PT-2-3-SSC PT-2-3-SSD

S. a Performed By

b Verified By

@12 psi
7. 3.96 to 4.04 mA.

As- 9387 psi
.Found 7.96 to 8.04 mA .,

@762 psi
11.96 to 12.04 mA

@1137 psi
15.96 to 16.04 mA

61512 psi
19.96 to 20.04 _ _

91137 psi
15.96 to 16.04 mA

@762 psi
11.96 to 12.04 mA

e387 psi
7.96 to 8.04 mA

912 psi
3.96 to 4.04 mA

612 psi
10. 3.96 to 4.04 mA

As-Found 6387 psi
7.96 to 8.04 mA

9762 psi
11.96 to 12.04 mA .

91137 psi
15.96 to 16.04 mA

61512 psi
19.96 to 20.04 mA

61137 psi
15.96 to 16.04 mA

6762 psi
11.96 to 12.04 mA

e387 psi
7.96 to 8.04 mA

912 psi
3.96 to 4.04 mA A_ . _ _ _ _ _ _ _ _ _ _

VEcffTTmm u_ VkN-wfik t'
HDEt_-&'

VYOPF 4312.02 (Sample)
OP 4312 Rev. 21
Page 1 of 2
RT'No. 04.T03.164
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TITLE: REACTOR VESSEL HIGH PRESSURE SCRAM TRMS14ITTER CALIBRATION DhMA, SHEET (Continued)

.
.

STEP REQUIRED

I
I

I
I

12. b Performed By |_._|___._l

.c > Verified By

14. EQ Rea. Satisfled . .

a- Trip Vnit to
IS. e Normal .._

MDate Completed

M/TE Used (VY SN/DUe Datel t

Diecrepanctes/RemarkS3

,Tested By: Datet

IShift Supervisors Datet

E/C supervisor Reviewn Datet

VUHM iA TAIfFJ±IbftW HUfIUM

IcmUUWDNNL- V±± z

*- 31J3 -

VYOPF 4312.02
OP 4312 Rev. 21
Page 2 of 2
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-

1.0 CALCULATION NUMBER VYC-1 596 / OB3ECTIVE
Calculation has been formulated to refine and enhance previous assumptions for
selected Vermont Yankee plant pressure instrument static head corrections. Where
the sensor is located below the process being monitored and the process line is
filled with fluid a head of water will exist. Much of the existing data used to
calculate this value has been based on imprecise evaluations of "as-built"
instrument, process line and condensate chamber elevations. Calculations within
will be utilized for plant instrument setpoint revisions being generated in support
of the Vermont Yankee Instrument Setpoint program.

2.0 AFFECTED COMPONENTS
The components addressed by this calculation include all pressure transmitters
and switches as listed in the Setpoint Matrix of YAEC-1700, Accuracy Report of
Selected Instrumentation Loops associated with Functions Important to safety
Installed at Vermont Yankee Nuclear Power Station, Phase n, and addressed in
YAEC-1 562, Accuracy Report of Selected Class 1E Equipment. Instruments
mounted on the same Racks as the aforementioned were also evaluated, by virtue
of their location and in the interest of encompassing a significant number of these
devices. Listed below are applicable instruments with their associated Racks:
Rack 25-1
PS-14-44A
PS-14-44C
PT-14-38A
PS-14-47A
Rack 25-50
PT-23-86
PT-23-95
PT-23-83
PT-23-89
PS-23-84
PS-23-84-1
PS-23-97A
PS-23-97B
PS-23-68A
PS-23-68B
PS-23-68C
PS-23-68D
PS-23-106

--- PS-23-100
VEMNTYAJcEDESIG BGNESII

CLNQ Zi6tZWW5 MDO MMN

Rack 25-59
PS-10-IOSA
PS-10-105C
PS-10-lOSE
PS-10-1050
PS-10-122A
PS-10-156A
Ruk 25-5
PT-2-3-55A
PT-2-3-S5B
PT-2-3-56B
PT-2-3-56D
PS-2-102
PT-6-53A
PT-2-3-54B
PT-2-3-54D
PT-10-IOIB
PT-l0-IOlD
PT-5-12A
PT-5-12B
PT-16-19-28

PS-10-IOSB
PS-10-105D
PS-I0-lOSF
PS-10-lOSH
PS-10-122B
PS-10-156B
Rack 25-6
PT-2-3-55C
PT-2-3-55D
PT-2-3-56A
PT-2-3-56C
PT-6-58
PT-6-53B
PT-2-3-54A
PT-2-3-54C
PT-10-IOlA
PT-I0-IOIC
PT-5-12C
PT-5-12D

Rack 25-58
PS-13-87A
PS-13-87B
PT-13-60
PS-13-87C
PS-13-87D
PS-13-78
PS-13-67
PS-13-67-1
PS-13-72A
PS-13-72B
PS-13-68
PT-13-70
PT-13-65
Rack 25-60
PS-14-47B
PS-14-44B
PS-14-44D
PT-14-38B

Rack-25-51
PT-2-3-52D
Back25-52
PT-2-3-52C

£W1UQAA
PS-19-8OA
PT-19-81A
Rack IOA
PS-19-SOB
PT-19-81B
Rack 25-23
PS-2-128A
Rak25-24
PS-2-128B

PT-16-19-29A
PT-16-19-29B

Page 2 of 10



PT-2--3-55A
PT -2 -3-55B
PT-2-3-56B

ATTACHMENT 1(g) PT-2-3-54B
PT-2-3-54D

WORKING SKETCH - Rack 25-5 PT-2-3-56D

N11A

1 OCOND. CHAMOEF .
2-3-SA ELSI?

B3tZS=

ELE
PENETRATION X28
ELEVATnON 29W

I I I I 1

-d-A-
11SL Ctear
EL2S V

bnst Cnter
EL 287 S_

PT4JS PT44-S1SS --W PT448 T.-24e4 PT.24640

PTR4K25FE

RACK 25 6 FboreEL28w

REACTOR VESSEL

Static Head Determination (Normal Conditions- Drywell)
Head ( in. H 2 0) = L - P (penetration elevation) x (.01605/.01629)

+ P - I ( instrument elevation) x (.01605/.01600)
Head ( in. H 2 0)( .03606) = Static hd.(psig)
Instmment L I I HD.(in. H2Q
PT-2-3-55A' 312' 5" 298 284' 3" 336
PT-2-3-55B2 312 5" 298 284' 3" 336
PT-2-3-56B2 312' 5" 298 282' 3" 360
PT-2-3-56D2 312'S" 298 . 284'3" 336
PT-2-3-54B3 312' 5" 298 284' 3 336
PT-2-3-54D3 312' 5" 298 284' 3" 336

IMnMO
12.11
12.11
12.98
12.11
12.11
12.11

All instrument elevations field verified; ref. Instrument Installation Details B-191261 sht.
7A. Ref VYC-332 for head correction data, VY OP-4312', 43422, 431093 for
calibration.

YWOIT1WMDEsMN ERH61HNG

-M --opwV2

Attachment 1(g) - Page 1 of 3



PT-2--3-55C ATTACHMENT 1(h)

PT-2-3-55D
PT-2-3-56A WORKING SKETCH - Rock 25-6

PT-2-3-54A
PT-2-3-54C
PT-2-3-56C

N1 1B

~3 CONQ A1*AMBEA
244 EL 312

E)
PENEfTRION X29
ELEVATION 2ZW

IkM Center
EL284C_ ,

EL28=C_

I I I I

. ssc. nPT4o PT-24 4J PT44A pT-2-4-4C

PT-43--

RACK 25" FbMEL2W

REACTOR VESSEL

Static Head Determination (Normal Conditions- Drywelfl
Head (in. H1O) = L - P (penetration elevation) x (.01605/.01629)

+ P - I (instrument elevation) x (.01605/.01600)
Head (in. H 20)( .03606) = Static hd..(psig)
Instment L E I HDrin. H2Q H1.(Esig)
PT-2-3-55C' 312' 5" 298 284' 4" 334 12.06
.PT-2-3-55D' 312' 5" 298 284' 4" 334 12.06
PT-2-3-56A2 312' 5" 298 282' 4" 358 12.93
PT-2-3-56C 2 312' 5" 298 284' 4" 334 12.06
PT-2-3-54A' 312' 5" 298 284' 4" 334 12.06
PT-2-3-54C3 312' 5" 298 284' 4" 334 12.06
All instrument elevations field verified; ref. Instrument Installation Details B-191261 sht.
8A, Rev. 12. Ref VYC-332 for head correction data, VY OP-4312', 43422, 43109' for
calibration.

EBW0NTYMUl~IESN ElGN6ENG

CAmWN-AL±8
A 11? W Y A E 4 J3-j Attachment 1 (h) - Page 1 of 3
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MEIMORANDUM * GLCULA71O3NOM VYC- 467

YANKEE ATOMIC - BOLTON AA0r _

To: File Date: May 15,1997
Group#: VYI 31/97 Rev. #1

From: G.J. Hengerle WO#: 4894

Subject: ISP Application of Analyzed Drift Values in IMS #:
Setpoint Determination, Rev. I File #: SETPOwNTEMo1a.489

References:

a. Vermont Yankee Setpoint Design Guide, Rev. 0
b. Selected Definitions and Clarifications Associated with the Vermont

Yankee Technical Specifications
c. VYC-1599, Drift Calculation for Fenwall Temp. Sw. Models 01-170020-

090 & 01-170230-90, Rev. 0
d.. VYC-1604, Drift Calculation for Time Delay Relays, Rev. 0
e. VYC-1606, Drift Calculation for Barksdale Pressure Switches, Rev. 0
f. VYC-1614, Drift Calculation for Rosemount Transmitters Models 1151,

1152 & 1153, Rev. 0
g. VYC-1615, Drift Calculation for Rosemount Trip Units Models 51ODU &

71ODU, Rev. . . . .*
-h. VYC-1615A, Drift Calculation for Rosemount Trip Unit Master Indicators,

Rev. 0
WVYC-1617, Drift Calculation for Static-O-Ring (SOR) Pressure Switches,
Rev. 0

j. W. J. Beggs, Statistics for Nuclear Engineers and Scientists. Part 1: Basic
Statistical Inference, WAPD-TM-1292, NTIS, 1981.

Background:

The Vermont Yankee Setpoint Design Guide (reference a) addresses the use of
analyzed drift In setpoint determinations. The drift value is determined based on
Vermnont Yankee specific Oas leftras found' calibration data. The drift value Is based.
*-*trhe 6bserved difference beiween the "as-fouhd" value iandhe previousds.-eftr.
value.on a point per Aioint basis. The resulting "analyzed drift!"value is valid for the
number of intervening days observed between calibrations. The setpolnt analysis
needs to take this 'raw' drift value and apply It in a manner which supports its use for
the required surveillance cycle. The manner In which this should be addressed is
discussed below.

Discussion: . . *

In general, a detailed summary is provided In each drift calculation describing the

Page 1 of 10



YANKE ATOMIC ELECTRIC OOMPANY,-
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Memo WI 31197. Rev. VI .
GJH to FILE/Use of Analyzed Drift In Setpolnt Determination Revision #1 -

results of that analysis. Included in the summary Is discussion on time dependency,
distribution (normal or not normal), etc.. In addition, data is provided which specifies
the statistical results of the drift analysis associated with Kurtosis, mean, standard
deviation, and the TIF used. The analyzed drift (in % calibrated span and in
engineering units) is a 95%195% value.

The Preparer of the setpoint calculation needs to determine the appropriateness
of applying the analyzed drift value. The summary provided in the associated drift
analysis should be included (all or in part) within the setpoint calculation as well as any
other portion or the drift calculation which provides an input to the setpoint calculation.
The following guidance is provided:

1. Analyzed drift obtained from monthly surveillance cycles:

A. When applied to monthly calibration cycles the analyzed drift value needs
very little justification for its use. The monthly cycle (+25%, for.a total
allowed surveillance interval of 38-days per reference b.) can typically be
justified directly by the summary or regression and histograms in the
attachments. This approach is acceptable providing there are no
statistically significant time dependent characteristics. For example, if the
average surveillance Interval for the analyzed monthly drift was 25 days:

DAmogty - DAway, =A25.Oays

Acceptable justifications include:

1. Determination that DA is a normally distributed random variable.

2. Determination that DA is random non-normal, but bound by a
normal distribution of the same standard deviation.

B. The preparer should consider additional analysis if significant time
dependent characteristics exist The prefered method is to apply the
regression analysis results included in th~e drift calculation directly to
calculate a bias Component of drift. .. . *.. . . . .

DA3mY ,(bias) b, x 38

where b, regression rate of change coefficient (slope)

For example, from reference i., attachment 10, page 8, the OP4352 group
of SOR pressure switches is demonstrated to be time dependent at the.
98.3% significance level. The calculated slope for these switches is
-0.023% per day, consequently the bias component of drift is then:

DA3,.oy,(bias) = -0.023 x 38= -0.874%

_9.4 ^
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The calculated intercept values should be neglected, since they are
usually not significant and would non-conservatively effect the result.
Calculated effects of magnitude less than 0.1% can generally be Ignored,
however in this case, the total drift at 38 days would be the analyzed drift
(ADR) value from the drift calculation (±2.124%) plus the bias value of
-0.874%.

C. The analyzed drift value can be extended to support a quarterly
surveillance cycle (90 days +25% tolerance for a total allowed
surveillance interval of 114 days). ..If the conditions of l.A (above) are
satisfied, then applying the SRSS methodology described in the Setpoint
Design Guide can be applied. Justification for this approach should be
stated, as described in IA (above) referencing back to the time
dependency regression discussed in the drift analysis and histograms.
For example, to determine an equivalent drift value for a quarterly
surveillance interval:

1. The DAmnttj, could be applied as a surveillance interval inherently
including the +25% tolerance, which amounts to 38 days.

2. Apply SRSS methodology to the ratio of time interval limits as
follows:.

DAcuateydY = (114138 x DA2 Monthiy) 05

D. If the time dependency conditions of l.B (above) apply, the analyzed drift
value can still be extended to support a quarterly surveillance cycle (114
days). In this case, the Preparer should consider two (2) options.

Try to obtain analyzed drift values which were obtained from actual
quarterly surveillance Intervals obtained from the same type of
components. The results could be used as a bases for selecting
an approach for manipulating the monthly analyzed drift data. If
quarterly analyzed drift values are available, it-might be possible
to:. u drt . t ul

a. Justify directly applying the quarterly analyzed driftt results in
A.

.

lieu of manipulating the monthly analyzed drift values
originally provided, or

b. . Justify a SRSS approach using the monthly drift values (per
*.C above) by showing the re~gression results are invalid due to

small sample size or presence of anomalous data, or

c. Justify using combined monthly and quarterly data to arrive at
a DA term which bounds the expected behavior of the
population for both monthly and quarterly testing.
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2. Apply the results of the regression analysis included In the drift
calculation directly to calculate the bias component and SRSS of
monthly ADR to find the random component of drift for 114 days:

DA114 0.0 ys (bias) = b, x 114

where b, = regression rate of change coefficient (slope)

The preparer must justify use of the slope by ensuring that the
value is statistically significant. This is done by ensuring that the
regression is based upon an adequate number of samples (30 to
40), with sufficient spread in the range of time intervals (25%) to
ensure the result is conservative. For example, from reference i.,
the OP4352 group of SOR pressure switches has a calculated
slope of -0.023% per day. This is based upon 483 observations,
with a interval data spread of 10 to 38 days for a mean of 30 days
(93%), consequently the bias component of drift is justified as:

DA,14 ,-,,(bias) = -0.023 x 114 = -2.622%

The random component of drift is found from the ADR in the same
way as the non-time dependent example:

DAwct, (random) = (114138 x DA2,,h,.) 05

Using the SOR switch example, substituting the monthly ADR of
±2.124% results in:

DAQ-,,rtv(random) = (114138 x 2.1242)0.5 = (3 x 4.51138)0°5 = 3.679%

Neglecting the calculated intercept values, the total drift at 114
days would be the random term from the SRSS of analyzed drift
(±3.jS79%) plus the bias value of -2.622%.

IL Analyzed drift obtained from Auarterly surveillance cycles:

A. When applied to quarterly calibration cycles the quarterly analyzed drift
value needs very little justification for its use. The quarterly cycle (+25%,
for a total allowed surveillance interval of 114 days) can typically be
justified directly by the summary and histograms as per IA (above),
emphasizing the impact of any time dependent characteristics. This
approach is acceptable providing there are no significant time dependent
characteristics. For example, if the analyzed quarterly drift value was
based on an average of 85 days:

DAm y= DA114.Days = DA 85i.Days
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As an altemative, the preparer may justify using combined monthly and
quarterly data to arrive at a DA term which bounds the expected behavior
of the population for both monthly and quarterly testing. This is the
recommended approach for the Rosemount model 710 & 510 trip units,
based upon the expected behavior of the group when all similar devices
are calibrated to the same tolerances.

B. The Preparer should consider additional analysis if significant time
dependent characteristics exist. The prefered method is to apply the
regression analysis results included in the drift calculation directly to
calculate a bias component of drift. The preparer must justify use of the
slope by ensuring that the value is statistically significant.

DA,1404.,(bias) = bx 114

where b, = regression rate of change coefficient (slope)

Ill. Analyzed drift obtained from each operating cycles:
(note: operating cycle should be treated as equivalent to a refueling cycle unless
noted otherwise)

A. . When applied to an operational calibration cycle the analyzed drift value
needs very little justification for its use. The operating cycle (+25%, for a
total allowed surveillance interval of 684 days) can typically be justified.
directly by the summary, emphasizing the impact of any time dependent
characteristics. This. approach is acceptable providing there are no strong
time dependent characteristics. For example, if the analyzed operating
cycle drift value was based on an average of 600 days:

DAO"efuvs cyde = DAG".Oy = yDA6=.y.f

B. The Preparer should consider additional analysis if significant time
dependent characteristics'exist. The prefered method is to apply the
regression analysis results Included In the drift calculation directly to
calculate a bias boiiiponent of drift. The preparer must justify. use of the
:lope lJy ensuring thatthe value is statistically stignifbant.' **'

DA6.,.y,(bias) = b, x 684

where be = regression rate of change coefficient (slope) in percent per
day. The process is similar to that employed for other calibration
intervals.

IV. Evaluation 6y Time Dependency

The existence of time dependency in drift data is evaluated by regression
analysis for each data grouping in the drift calculation. The regression always
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calculates a slope for the fitted line, the significance of that slope is determined
by the F-test contained in the attachments showing the regression tables and
evaluation of the scatter plots in the same attachments. To indicate significance
at the 95% level for the slope, the entry for significance should be less than 0.05.
Each of the referenced calculations (c. through i.) have been reviewed for
significant time dependency and those identified in the following table have been
shown to exhibit time dependency at greater than the 95% confidence level,
however two groups identified in the footnotes have an Insufficient sample size
to use the regression results with confidence.

Calculation Group Slope %per Day Significance

WC-1599: OP4358 & 70 -2.59 x 104 99.3%
Fenwal Temp.
Switches

WC-1606: 82S-M48SS -3.47 x 104 99.5%O <
Barksdale Press.
Switches B1T-A32SS -1.69 x 103 99.9+%

EIS-H-15 FS -1.33 x 10-3 99.2%

PIH-F30SS -2.27 x 104 99.9+%

D2H-A15OSS +0.0244 99.1%'

WC-1614: 1153GB5
Rosemount Models (0% point) +4.12 x 10P 95.7%62
1151, 1152 & 1153

I1153GB9'3
(0% point) -1.35 x 103 99.94%

._________________ (50% point) -1.33 x 1P03 98.0%

WC-1617: OP4307 Group -0.0293% 99.9+%
SOR Press. Switches O14352 Group.0230% 98.7%

V. Applying Bias other than time dependency

The drift calculations prov`de.a.95%195% tq!erance.lnterval termed the ADR.
*' based upon ihesamplestand'aid deviation (s): Use of this Value in setpointahd*
uncertainty calculations requires a bit of analysis of the population to determine
the presence of any bias. Depending upon the number of samples in the data

' Based upon 12 samples only, slope has a large confidenge Interval, may be better to treat as a
uniform distribution.

based upon 14 samples and applies to zero point only, slope has a large confidence interval, may
be better to treat as a uniform distribution or neglect entirely based upon Rosemount testing.

' May be possible to argue that the apparent time dependency is an anomaly of testing and neglect
based upon Rosemount testing.
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%CHMENI, E P
and the standard deviation, when the absolute value of the sample mean is
greater than the critical values shown in the table below, the presence of bias is
probable and should be included in the uncertainty calculation. This table is
based upon the 95% confidence interval for the mean which includes zero.

Maximum Value of Non-Biased Mean_ _
N I t tN0." S2 S I 2 > S 2 S 2

0.10% 0.25% 0.5% 0.75% 1.0% 1.5% 2.0% 2.5% 3.0%
20 2.086 0.47 0.05% 0.12% 0.23% 0.35% 0.47% 0.70% 0.93% 1.1 7%/s 1.40e
30 2.042 0.37 0.04% 0.09% 0.19% 0.28% 0.37% 0.56% 0.75% 0.93% 1.120A
40 2.021 0.32 0.03% 0.08% 0.16% 0.24% 0.32% 0.48%1 0.64% 0.80% O.96*4
60 2.000 0.26 0.02% 0.06% 0.13% 0.19% 0.26% 0.39%° 0.52% 0.65% 0.770A

J20 001% ~~~~~~D5I ~OmY -0-1A 7A4 l2Z 0o nso/
Note: If the sample size exceeds 120. use the last row for conservatism or calculate the critical
value using x = 1.98s/N.

If the absolute value of the mean exceeds these values, then the mean (with
sign) is taken as a bias term in accordance with the design guide and
arithmetically combined with other bias uncertainties to determine total loop
uncertainty. In most cases values within ±0.1% may be ignored entirely.

1. . : .:- . t
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Example 1:

The sample population for the Rosemount Trip Unit Monthly group provides the
following statistics:

OUNT 4749

RAGE 0.0002%

iTDEV0.0428%

1_ANCE 0.0000%
_ _RTOSIS 0.114

SKEWNESS -0.008

____mum 0.1250%

_ __INIMUM -0.1250%
05%I95% TIF 2.036

TDEV x 95195 TIF = ADR 0.0871%

AL UNITS mADC 0.014

A OF ORIGINAL COUNT 99.27%

The average (mean) for the 2nd Outlier tested data set Is 0.0002% of calibrated
span, count (N) is 4749, and standard deviation (s) is 0.04%, indicating no bias
present in the data set. The ADR term is acceptable to use for an Interval of 30
days as specified at ± 0.0871% of span without any bias correction. As per
other sections of this memo, additional considerations must be made for time
Intervals of greater than 30 days. The Kurtosis value Is significantly larger than
the Skewness value which indicates that the distribution is highly peaked about
the center (0%).

Example 2:

Note: Barksdale specifications are based on Upper Range Umit (URL) not
calibrated span.

The sample population for the Barksdaie BIT-EIS-H-15DPS group (from VYC-
1606) provides. the following statistical summary:

OUNT 86

VERAGE DAYS ' 489
VERAGE . 1.143%
TDEV 1.9550%
ARIANCE 0.0382%
URTOSIS 3.747
KEWNESS 1.705

(MUM 8.6667%
INIMUM -2.0000%
05%/95% TIF 2.261

fl. -o a, ̂  4n
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TDEV x 95/95 nF = ADR 4.4203%
AL UNITS PSIG (URL) 0.6630

Ia OF ORIGINAL COUNT 96.63%

Y'NTAWWM1CELE
CALCUJLATnoN NM

A1TACHMEWr J.,

The the absolute value of the mean is 1.143% of upper range limit (URL) which
exceeds the critical value for s 120 samples and s 2 1.5% URL, of 0.27%
indicating a positive bias present in the data set.

The Kurtosis value Is not significantly larger than the Skewness value-which
indicates that the distribution is not highly peaked about zero (0%) or the mean,
and that the distribution may not be normally distributed. This example was
chosen because it is one of the few cases of drift calculations completed to date
which show evidence of bias, without also showing time dependency.

Conclusion:

The above discussion provides general guidance for the more common applications of
analyzed drift. Other methods are acceptable. It is at the discretion of the Preparer to
determine if the methods discussed above, or another approach (with bases), should
be applied for their specific application. Acceptability of the method(s) applied shall be
determined by concurrence with the independent reviewer.

The engineer performing the Setpoint/ Uncertainty calculation is responsible for
reviewing the data, charts and plots contained in the applicable Drift Calculation(s) for
the data groupings contained in his/her Setpointl Uncertainty calculation prior to
submitting for review.

The guidance provided in this memorandum will be incorporated into a future revisions
of the Vermont Yankee Setpoint Design Guide and the Vermont Yankee Instrument
Drift Analysis Design Guide. Until then, this memorandum is an interim change to these
design guides.

* . . * Alan P Fannind :. K. Ge' J. Hefg*1e.-
*Setpoints Engineer* -*. Principal Engineer
Yankee Engineering Services Vermont Yankee Design Engineering

Interim Design Guide References

1. .Memo WI 31197 Rev. #1, 'Improved Setpoint Prograr/Application of Analyzed
Drift Values In Setpolnt Determination", May 15, 1997.

2. Memo WI 32/97, Improved Setpoint Program/Relationship of HELB
Environments to RPS Setpoints', DRAFT

3. Memo VYI 41197, Improved Setpoint Program/FSAR Table Revisions and
M&TE Accuracy", April 23,1997.

:owcGCOMP,

V~ioF 4



Memo VYI 31197. Rev. #1
GJH to FILE/Use of Analyzed Drift In Setpoint Determination Revision #1

VA1ADxw~xCOWNr
MACULATON!Lo-Yjv- ~46

r-tv 5
ATrAOIW-NT..T-PAGEL 4_o~

C: Design Engineering

R.T. Vibert
D.E. Yasi
R.L. Smith
M.J. Bachman
C. Mullins

Setpoint Team

M. Anderson
M. Mustafa
D. Keating
A. Fanning
C. Lee
A. Shaul
J. VoSS (for distribution to EXCEL setpoint support engineers)

Psae 10 of 10



W.tachments:

I

7.1
7.2
7.3
I A
7.6
7.6
7.7
7.8
7.9

37
35
24
18
27
27
33
33
33

Pgs
Pg3
Pgs
Pas
Pos
Pg.
Pg.
Pas
pgs

7.10 33
7.11 33
7.12 33
7.13 29
7.14 25
7.15 25
7.16 29
7.17 2

Pgs
Pgs
Pgs
Pgs
Pgs
Pgs
Pgs
Pg3

ORIGINAL: PAGE 1 OF PAGES
Rev 1: PAGE 1 OF 35 PAGES
Rev 2: PAGE 1 OF -PAGES
Rev 3: PAGE I OF PAGES

RECORD TYPE 09.C16.004

Safety Class/P.O. NO. . Multiple/4894 -CE'FAWS

I
QA RECORD?

I 0 YES
Total Pages: 35 476 - 511

Li NO

YANKEE NUCLEAR SERVICES DIViSION
CALCULATION/ANALYSIS FOR

TITLE DRIFT CALCULATION FOR ROSEMOUNT TRANSMITTERS MODELS 1151.1152 & 1153

PLANT VERMONT YANKEE CYCLE 20

CALCULATION NUMBER VYC-1614

PREPARED BY
/DATE

REVIEWED BY
IDATE

APPROVED BY
/DATE

SUPERSEDES CALC.
/REV. NO.

I

ORIGINAL JH Lewis 3/24t97 GJ Hengerle s'/7i/7 RT Vibert /411I ?I7 ?

REVISION I CrLI0,4; I/im;l& e 4 ./7VV! ~~ y
a .j7Ex 6V IS IO N 1 ?&t RevisIon 0
H Lewis 5/18/98 GJ Hengerle sc/6/pa R-7, V / _ _ _

REVISION 2

REVISION 3

KEYWORDS:
COMP CODES:
EQUIP/TAG NO:

Calculation/Rosemount/Transmltter/FlowALevet/Pressure

Microsoft Excel Version 97 SR-1 & Version 5.0.c
DPT-10-9IA.B: DPTAQ-76A 1: DPT-2-116A-1 19D, DPT-20-376: FT-104-80A. B:
FT-12-IA. B: FT-6-5A-D: LT-103-23A-D: LT-103-~24A-D: LT-107-12A. B3: LT-16-19-IOA-C:
LT-16-19-38A. 13: LT4I9-63A. B: LT-2-3-57(8)A. 13: LT-2-3-68A-D: LT-2-3-72A-Do
LT-2-3-73A.B: LT-3-231A-H: PT-10-101A--D: P-104-20A. B3: PT-19-81A. B: PT-2-3-52C. D:
PT-2-3-54A-D: PT-2-MS5A-D: PT-2-3-66A-Do PT-S-I12A-Da PT-6-8

REFERENCES: See Section 6

SYSTEMS:
T/S or FSAR:

MODELS:

103/104/?07/CRDJFPCIFWCINBIPCAC/RDWJRHRIRPS/RWCU
TS Tables 3.1.1. 3.2.1. 3.2.2.3.2.3.3.2.5. 3.2.6.3.2.9. Sections 3.12.C. 4.5.A.1.c.
FSAR 4.8. 6.2. 7.2. 7.3. 7.4. 7.9 and Table 7.15.1
Rosemount 1151. 1152, and 1153

V8U01*HTVMDSBIM00M1M3~

cm.Eim %1ON'

I &m~~ k41 i.6

FORM WE-103-1
Revision 4

WE-1 03-24



Drift Calculation for Rosemount Transmitters Models 1151.1162. and 1163 VYC-1614 V,90
Drift Calculation for Rosemount Transmitters Models 1151. 1152. and 1153 WC-1614 �W-

TAGNO. SYS JDESCRIPTION SIC MANUFACT MODEL I INPUT OUTPUT| TOL RO

-3-231B CRD North SCRAM Discharge 2/E ROSEMOUNT 1153DB4PO 0-63'H20 4-2ioA &n0.06mA or 431
__\_- Instr Vol LAI Xmtr __/

LT-3-23JSK CRD North SCRAM Discharge 2/E ROSEMOUNT 1153DB4P0 0-631H20 4-20 mA *0.06mA oPU4310
________ Insur Vol LvA Xmtr . /

LT-3-231D xRD North SCRAM Discharge 2 ROSEMOUNT I 153DB4PO 0-63'H20 4-20 nA *0 mA Or-43 10
_ Instr Vol Lv Xntr _

LT-3-231E CRD uth SCRAM Discharge 212 ROSEMOUNT 1153DB4PC; 0-63'H20 420 0t0.06n OPA4310
______ Ins tol LYIXmtt ____ ___

LT-3-231F CRD South Dischar 2E ROSEMOUNT 11 53DB4PO 0-63"H20 -20 mA *0.06mA OP-43 10
Instr VlL t

LT-3-2310 CRD South SCRAM Dcharge 2/E ROSEMOUNT II53DB4PG 0-6 0 4-20 mA *0.06mA OP-43I0
_________ _ Instr Vol LvA Xmtr _,_ _

LT-3-231H CRD South SCRAM Discharg 21E ROSEMOUNT 1153DB4PO 0-63IH20 4-20 mA *0.06mA OP-43 10
_ Instr Vol Lvl Xmntr

PT-10-lO0A RHR Dywell High Pres Xmtr 2 EMOUNT I152GP4N22P4- 0-5 PSIG 4-20 mA *0.04mA OP-4338
PT-10-IOIB RHR Drywell High Pres Xmrtr 2/2 K MOUNT I 113GB4P* 0-5 PSIG 4-20 mA *0.04mA OP-433S
PT-10-IOIC RHR Drywell High Pres Xmtr 2/E ROSE RQUNT 1152JM22PB 0-5 PsIo 4.20 mA *0.O4mA op-4338
PT-i0-IOID RHR Daywell High Prcs Xmtr 2JE ROSEMOUT GP4N22PB 0-5 PSIG 4-20 mA *0.04mA OP-4338
PT-104-20A 104 SW Pmps Header Press 3/N ROSEMO 1GP7E22B2 0.62- 4-20 mA *0.OmA MPAC

_ t150.62'H20
PT-104-20B 104 SW Pmps Header Press 31N ROS1OUNT 11510 B2 0.62- 4-20 mA *10.08mA MPAC

___________ ________________ _ _ /150.62'H20
PT-19-SIA FPC Standby FPC Sys Disch 3WE/ OSEMOUNT 11533GBPA 0-200 PSIG 4-20 mA *0.04mA MPAC

Press _ _
PT-19-S8B FPC Standby FPC Sys Disch 3/E ROSEMOUNT 1153GB7PA N 0-200 PSIG 4-20 mA *0.04mA MPAC

PT-2-3-52C NB Reactor Press r 21E ROSEMOUNT IIS3GB9PA 26- 6 4.20 mA *0.04mA OP-4340

PT-2-3-52D NB Reacto ess Xmtr 2 ROSEMOUNT 1153GB9PA 26-1526 40 rnA *:0.04mA OP-4340
_ / ~~~ ~ ~ ~~~~~~~~~~PSIO

PT-2-3-54A NB Press Recirc Pmp Trip 2/E ROSEMOUNT 1 152GP9N22PB 13-1513 4.20 rrP *0.04mA OP-43109
& Alt Rod Insertion Xmtr PSIG _

PT-2-3-54B /B RX Press Recirc Pmp Trip 21E ROSEMOUNT I152GP9N22PB 13-1513 4-20 nA *0. OP-43109
11.0 & Alt Rod Insertion Xmtr PSIO _

NB Rx Press Recirc PmpTrip VE ROSEMOUNT 1152GP9N22PB 13-1513 4-20 mA *0.O4mA 43109
Alt Rod Insertion Xmtr PSW_

Tsu~t,.<4nNR RxPrsq Recj Mp Te ?IF N-q4QWT 1157r~PQM?7)PR 13, 1M A.( tr ,tn A1
& Alt Rod Insertion Xmtr PSlF

PT-2-3-55A NB Reactor Vessel Hi Press VE ROSEMOUNT 1 52GP9E22T0280PB 13-1513 4-20 rA *0.04mA OP-4312
_SCRAM Xmtr . _ PSIG

PT-2-3-S5B NB Reactor Vessel Hi Press 2/E ROSEMOUNT 1152GP9E22TO280PB 13-1513 4-20 mA *0.04mA OP-4312
SCRAM Xmntr PSlF

PT-2-3-55C NB Reactor Vessel Hi Press VE ROSEMOUNT I152GP9E22T0280PB 13-1513 4-20 mA .0,04mA OP-4312
CRAM Xmtr PSIO

PT-2-3-55D NB Reactor Vessel Hi Press 2/E ROSEMOUNT I152GP9E22T0280PB 13-1513 4-20 mA *0.04mA OP-4312
SCRAM Xmtr PSIG

PBECCS Xrtr 2 E ROSEMO UNT 12GP9E22T02S09 r 13-1513 4-20.AOP
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ P S I _

PT-2-3-56C NB Rx Press ECCS Xmtr _77E ROSEMOUNT 1152GP9E22T0801_ 3 - 1513 4-20 .04mA OP-4342
___________ _ ____ ___________________ PSIG

PT-2-3-56D NB Rx Press ECCS Xmtr 21E ROSEM P9E22T02SOPB 13-1513 4-20 mA 0.O4mA 0P4342
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ P 5 1 0 _ _ __s i_

PT-5-12A RPS Diywel Hi PresM ROSEMOUmT 11520P4N22PB 0-S PSIG 4-20 mA *0.04mA OP-4311
PT-5-12B PIPS Drywell ULZe1XIntr 0-5V~iQLJ 4-20 MA I *0iJ4BA Uk-4311 1

PT-5-12C R " Bell Hi Pres Xmtr
?T-Sidp-->1 RPS Drywell Hi Pres Xmtr

r Re Ptsi,
VEIMORNAMcDMSGNEM MNEIG

-'-"5-

A T P S L D 4

O -5 PS I Z 4i 0 O n ~ P 4 1I _- PS10 4-20 MA r 0.04fth4-0P-43
gF -6 3 - O63 - 4e 6e

P 5 1 0 1

IVermont Yankee Design Engineering Page 6 of 35



Drift Calculation for Rosemount Transmitters Models 1151, 1152, and 1163 VYC-1614 W- /

5. RESULTS AND CONCLUSIONS

5.1. Groupings

Refer to Table 4A-C (Statistical Summary) for the summary of the statistical analysis for each
surveillance and the resulting groupings. The Rosemount Transmitters were combined Into the
following groups based on all components having essentially equal standard deviations,
variances and passing the t-Tests performed In step 2.4.3. The model number and spans are
discussed In each of the following grouping sections.

5.1.1. Rosemount 1151 DP4 Capillarv (LT-16-19-38A & B)

The transmitters have the same model numbers, spans and services.

5.1.2. Rosemount 1151 DP5 & 1153DB5 Capillary (LT-16-19-IOA-C)

The transmitters have the same services, similar spans and the decision was made to
group the 1151 and 1153 range code 5 based on the testing discussed in step 2.4.4.

5.1.3. Rosemount 1162DP4 (LT-2-3-57(58)A. B. LT-2-3-72A-D. LT-2-3-68B & D)

The transmitters have the same model numbers, spans and services.

5.1.4. Rosemount 1152DP7 (FT-6-51A-D. DPT-2-116A-119D)

The transmitters have very similar model numbers and Input spans.

5.1.5. Rosemount 1152GP4 (PT-5-12A-D. PT-10-101A. C & 0)

The transmitters have the same model numbers, spans and services.

:"-~ 5.1.6. Rosemount 1162GP9 (PT-2-3-54A-D. PT-2-3-55-A-D & PT-2-56A-D)

The transmitters have the same model numbers, spans and services.

5.1.7. Rosemount 1153DB4 (FT-12-1A, B. LT-2-3-69A. C. FT-104-SOA & B)

The transmitters have the same model numbers and similar spans.

5.1.8. Rosemount 1153DB4 Capillary (LT-19-63A. B & LT-3-231A-H)

The transmitters have the same model numbers and similar spans.

5.1.9. Rosemount 1153DB5 (LT-2-3-73A. B)

The transmitters have the same model numbers, spans and services.

5.1.10. Rosemount 1153DB6 & 7 (DPT-10-91A. B. DPT-19-76A & 8)

The transmitters have similar model numbers and spans.

5.1.11. Rosemount 1153GB5 (LT-107-12A& B)

The transmitters have the same model numbers, spans and services.

5.1.12. Rosemount 1153GB9 (PT-2-3-52C & D)

The transmitters have the same model numbers, spans and services.
VEIWOXTYNEDESIGNENGJMU NG

CATIUtHMW.1IO - 'Ve- 41&V

ATIACHMEt&L.ItAGSE 3OF. LL
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Drift Calculation for Rosemount Transmitters Models 1161 1162, and 1153 WC-1614 Af~t

I0

5.2.5. Rosemount 1152GP4 (PT-5-12A-D. PT-10-101A. C & D)

As seen from the XY Scatter plots, Regression lines and Regression statistics In
Attachment 9 It can be concluded that the data Is evenly distributed about zero and
from the table below the Significance F values all exceed 0.05 which indicates that no
strong time dependency exists. (Af. 91

1152GP4 0% 50%100%
I F 1 0.174 1 0.045 _ 0.300- /

Significance F 0.678 0.833 0.586

-t 5.2.6. Rosemount 1152GP9 (PT-2-3-54A-D. PT-2-3-55-A-D & PT-2-3-56A-D}

As seen from the XY Scatter plots, Regression lines and Regression statistics In
Attachment 10 It can be concluded that the data Is evenly distributed about zero and
from the table below the Significance F values all exceed 0.05 which Indicates that no
strong time dependency exists. [Att. 101

1152GP9 0% 50% 100%

F 0.994 0.030 0.37711
Significance F 0.322 0.864 0.541

III

5.2.7. Rosemount 1153DB4 (FT-12-1A. B. LT-2-3-68A. C. FT-104-80A & B)

As seen from the XY Scatter plots, Regression lines and Regression statistics in
Attachment l it can be concluded that the data Is evenly distributed about zero and
from the table below the Significance F values all exceed 0.05 which Indicates that no
strong time dependency exists. [Att. 11)

153DB34

Significance F

0% I 50% r 100% 1

3.192 0.672 1 1.186 _
0.083 1 0.418 1 0.284

I
5.2.8. Rosemount 1153DB4 Capillarv (LT-19-3A. B & LT-3-231A-H)I

As seen from the XY Scatter plots, Regression lines and Regression statistics In
Attachment 12 It can be concluded that the data Is evenly distributed about zero and
from the table below the Significance F values all exceed 0.05 which Indicates that no
strong time dependency exists. [At. 12)

I 1153DB4 Capillary OI 0 I 50% r100' se
I F I 2.035 1 1.998 I 2.636

Significance F 0.158 0.161 0.108
0r1

I
I
I

6.2.9. Rosemount 1163D85 (LT-2-3-73A. B

As seen from the XY Scatter plots, Regression lines and pRnri dtin statistics In
Attachment 13 It can be concluded that the data is evenly
from the table below the Significance F values all exceed VEpoNWV Dm Er 6N3
strong time dependency exists.

-r-
1153DBF

Sinf F

| 0% 1 50 1
C m NXU NCa- - ry -1-7

_ 0.058 1 0.137 _ _ _ _ _ _

_ 0.810 0.713 -f 1UW1UWAS1_YAGl OF.&•
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OdftCefculatlon for Rosemount Transmitters Models 1151, 1152. and 1153 WCAS1141W-VI - '

5.3.5. Rosemount 1152GP4 (PT-5-12A-D. PT-10-10MA. C & D)

I
I
I
I
I

As seen from the Probability plots, Probability statistics and Histogram In Attachment
9 It can be concluded that the data Is normally distributed with a highly peaked narrow
distribution. The following table provides the percentage of points that fall within la
and 2a for a normal distribution and for the 0-100% points. Att. 9]

11152GP4 I Normal Distribution I 0% I 50% I 100%/III Standard Deviation 68.27% 173.53% 76.06% 78.87%
2 Standard Deviations | 95A5% 95.59% 94.37% 92.96% V-1

>jt, 5.3.6.

I

I
I
I

Rosemount 1152GP9 (PT-2-3-54A-D. PT-2-3-55-A-D & PT-2-3-56A-D)

As seen from the Probability plots, Probability statistics and Histogram In Attachment
10 It can be concluded that the data Is normally distributed. The following table
provides the percentage of points that fall within la and 2cr for a normal distribution
and for the 0-100% points. [Aft. 101

11152GP9 | Normal Distribution I % - 50% I 100% -1
I Standard Deviation
2 Standard Deviations

68.27%
; 95.45%

66.18% 64.71% 70.59% X
_ 98.53% 97.06% 95.59%

5.3.7. Rosemount 1153DB4 (FT-12-IA. B. LT-2-3M8A. C. FT-104-80A & B)

As seen from the Probability plots, Probability statistics and Histogram in Attachment
l ilt can be concluded that the data Is normally distributed with a highly peaked
narrow distribution. The following table provides the percentage of points that fall
within ica and 2cr for a normal distribution and for the 0-100% points.

I
I
I
I
I

[AtL 11]

11153DB4 I Normal Distribution I 0%-/o 50% | 100% I
I Standard Deviation | 68.27% | 77.78% | 77.78% | 80.56% r
2 Standard Deviations | 95.45% | 91.67% 91.67% | 94A4%

e�

5.3.8. Rosemount 1153DB4 Capillary (LT-19-63A. B & LT-3-231A-H)

I
I

I
I
I

As seen from the Probability plots, Probability statistics and Histogram in Attachment
12 It can be concluded that the data Is normally distributed with a highly peaked
narrow distribution. The following table provides the percentage of points that fall
within 1cr and 2cr for a normal distribution and for the 0-100% points. [Att. 121

11153DB4 Capillary N Normal Distribution I 0% 1 50% | 100% I
I Standard Deviation - 68.27% 80.49% 1 82.93% 1 82.35%
2 Standard Deviations 95.45% 91.46% 89.02% 90.59%

V-1

VEm~R r1ONTYANM I) IGN BRGI?1EiiG

CMA McUL lONH .J•Ž J0 7Z
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DriftCalculation for RosemountTransmitters Models 1151, 1152. and 1153 VYC-1614

I 6.4.5.2. The data Is normally distributed and exhibits no strong time dependency. *I-
The values presented are representative of the performance of the 1
components as Installed and tested. Improved calibration techniques,
more accurate MTE and additional data will Improve the performance of
this group. [Att. 9]

5.4.5.3. This data Is acceptable for use In SetpointlUncertainty Calculations.

Rosemount 1152GP9 (PT-2-3-54A-D. PT-2-3-55-A-D & PT-2-3-56A-D)

5.4.6.1. The pooled data provides the following:

-*.-- 5.4.6.

0% Point I60% Point 100% Point
Count 68 68 68
Average Days 530 530 630
STDEV 0.142% 0.200% 0.344%
ADR 0.329% 0.463% 0.796%
CAL UNITS 4.93 PSIG 6.95 PSIG 11.94 PSIG-

5.4.6.2. The data Is normally distributed and exhibits no strong time dependency.
The values presented are representative of the performance of the
components as Installed and tested. Improved calibration techniques,
more accurate MTE and additional data will Improve the performance of
this group.

5.4.6.3. This data is acceptable for use In SetpolntlUncertalnty Calculations.

6.4.7. Rosemount 1153DB4 (FT-12-1A, B, LT-2-3-68A, C. FT-104-80A & B)

5.4.7.1. The pooled data provides the following:

[Att. 10]

0% Point 50% Point 100°h Point
Count 36 36 36
Average Days 498 498 498
STDEV 0.294% 0.406% 0.551%
ADR 0.732% 1.011% 1.371%
CAL UNITS
FT-12-1A, B 0.73"H20 1.01"H20 1.37"H20
FT-104-80A. B _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

CAL UNITS
LT-2-3-68A, C 0.57'H20 0.78'H20 1.06'H20

I 6.4.7.2. The data Is normally distributed and exhibits no strong time dependency. os
The values presented are representative of the performance of the
components as Installed and tested. Improved calibration techniques,
more accurate MTE and additional data will Improve the performance of
this group. [Att. 11]

5.4.7.3. This data Is acceptable for use in Setpointflncertainty Calculations.

VEOiWYMSYhDESIGN FANEUNG
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DriftCalculation1br Rosemount Transmitters Models 1151,115Z and 1163 VYC-161.4 L>/V
Drift Calculation for Rosemount Transmitters Models 1151, Ii 52. and 1153 WC-1614 �e/

Table 4C - Statistical Summary - 10 Calibration Point

IS1DP4 |1SIDPS& 1152DP4 1152DP7 11520P4 11520P9 153DB4 1153DB 11S3DB5 1153DB6& I1S3GBS 11S30B9
a11 lS3DBS Capillay 1 7

100\ 100% 10OA 100% 100% 100%\ 100% 100% 100%h 100% /100%

COUNT 19 1 ^ 16 71 66 71 68 36 35 47 19 14/ 41

IAVERAOE DAYS 395 07 489 513/ 479 530 493 4 166 362 5 172

AVERAGE 1207% 0.08q -0.051% .0 66% -0.004% 0.001% .0.073% 0. 152% -0.063% -0.093% 4 /0.079% -0.001%

SDEV 3.194% 0.662%\ 1.220% V0592% 0.383% 0.344% 0.5S1% 1346% N3% 0.5101 0309% 0.140%

VARIANCE 0.102% 0.004% A.OIsY, 0.004% 0.001% 0.001% 0.003% 0.013% 0.003 3% 0.001% 0.000e

KURTOSIS 0.048 *0.257 1. 6.!00 0.791 0.322 3.910 3.036 8.819 } >\ 0.418 -1.699 0.979

SKEWNESS -0.091 0J550 1.090\ .425 .0.270 -0.439 *0.741 0.8U4 -2.5 X65 0.153 -0243

MAXMUM 7.250% 1.044%/ 3.500% 1.063% 1.000% 0.750% 1.250% 4313% 50% 1.125 0.500% 0350°h

MINIMUM -5.062% -131 3.200% *75% .1.025% -1.000% -2.000% .3 563% v 2.250% -0.375% '0250% 0375%

95%Y95%TIF 2.784 /903 2.299 23!S 2.299 2.315 2.49 2.408 2.7t4 _ 12 2.445

STDEV x 9S/9S TIF-ADR 3892% 2 2.306% 1.371% 0.879% 0.796% 1.371% .042% 1331% 1.418% 0.92 0343%

CALUNITS 3.20 5Z6 S.77 mo20 2.1r7m 1.20 PSIG . PSIG 11.94 PSIG 1.37 V 1.92 H20 5.11 ¶20 1.42 PSIG 3.62 -20 .5 PSIG

CAL UNITS / I93"H20 1.6S PS\.I 0 0.76 'MO

%OF ORIGINAL COUNT 00.00 94.12% 95.95% 95.65% 100.00 9855% .74% 98.t4% 95.92% 100.00% 100.00% 97.62
- -~~~~~~~~~~~~~~*2~~~~~~~~~ ~04 1.

I
12.17'H20 Applicable to: LT-2-M68B & D.
1.987H20 Applicable to: LT-2-57,58A, B, 72A-D I
1.20 PSIG Applicable to: FT-6-51A-D
1.65 PSIG Applicable to: DPT-2-116A-119D &dis

~- t i

\- 1.69 -1-20 Applicable to: LT-3-231A-H
10.67 1H20 Applicable to: LT-1 93A, B

1.37 *H20 Applicable to: FT-12-1A, B, FT-104-80A, B
1.06 ^H20 Applicable to: LT-2-68A, C

I I I
I Yankee Nuclear Services I Page 33 of 35



Drift Calculation Por Rosemount Transmitters Models 1151, 1152 & 1153
Regression- 100% Pt- 1152GP9

VYC-1614
Attachment 10

Regression Line (Raw Data) - Rosemount Transmitter Model 1152GP9 - 100% Point

.
.
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Drift Calculation For Rosemount Transmitters Models 1151, 1152 & 1153
XY Scatter - 100% Pt - 1152GP9

VYC-1614
Attachment 10

XY Scatter (Raw Data) - Rosemount Transmitter Model 1152GP9 - 100% Point
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Drift Calculation For Rosemount Transmitters Models 1151, 1152 & 1153
Cumulative Probability-100% Pt - 1152GP9

VYC-1614
Attachment 10

Cumulative Probability Plot - Rosemount Transmitter Model 1152GP9 - 100% Point

Ii
I s

'k I

Chart Applicable to Transmitters:
PT-2-3-54A-D, PT-2-3-55A-D,
PT-2-3-56A-D
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Drift Calculation For Rosemount Transmitters Models 1151, 1152 & 1153

Histogram- 100% Pt- 1152GP9

VYC-1614
Attachment 10

Histogram - Rosemount Transmitter Model 1152GP9 -100% Point

25

204 i ft'

!9
IAt

15.1

Chart Applicable to Transmiuers:
PTr-2-3-54A-D, PT-2-3-SSA-D,
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Drift Calculation for Rosemount Trip Units Models 61ODU & 71ODU WYC-1615

TAG NO. SYS DESCREPON SIC MUNUF MODEL SPAN SETPT TOL PROC
.~~~ REON 7OUI . _P __

PT-2-3-55A(W)- VB Rbsa H PreCs SCE ROSEMOUNT 710DUOIT37157 420AD 15.2 .03 OP-4340
_~~~~~~~~~~~~~~== _ =MADC mADC

_ _ ~~~~~~~~~~~~~~~~~~mADC mADC
PT-2-3-55D() NB RX Vs! Hi Press SCE OSEMOUNT 710DUOT137157 4-20 mADC 15.12 (-)0.03,+ OP4312

_ ~~~~~SCRAM .,mADC )mADC
PT-2-3-5SCQ() NB RxVd Hi. Press SCE ROSEMOUNT 710DUO`M 71S7 4-20 mADC 15.12 (-)0.03, + OP-4312

SCRMU ~~~~~~~~~~~~~~~~mADC 0 mADC
PT-2-3-SD)C" NB RxV3l HilPress SCE ROSEMOUNT 710DUO M 71S7 4-20 mADC 15.12 )Q003, + OP-4312

SCRAM mADC 0PmADC
FT-2-3-5DM NB Rx Vl Hi Pess SCE ROSEMOUNT 710DUO1T37157 4-20 mADC15.12 -)0.03,+ OP-4312

SCRAM mADC O mADC

tUD R^Pr"iCC3 r= .......... _ . 70DUO 71; 440lA~emADC nAD0Cj

PT-2-3-56D(M NB Ri' Press ECCS Penn CE ROSEMOUNT 710DUOT7157 4-20 mADC 7.47 0.05 OP-4342

Fr-S-12~4) RI' Drywel Hi Prss SCE ~OS UOT3600S -20rmADC 11.3 mA.1DC -41

r-52- C) NBS Dywt RX Pares CE ROSEMOUNT 710DUOrT37157 2A1. * t 05 OP-4342

Pr-2-3-56DoG) Ns Rx Press ECCS Perm ; T_4W mADC 7.47 * 0.05 OP-4342

PT-5-12A(M) RPS HDwdl Press SCE ROS i U0TT36005 4-20 mADC 11.36 ± 0.16 OP-4311
_T--2 RP SCRAM & PCIS _ R N _ 4 mADC 1 n -ADC

PT-3-12B" ! P Drywell Hi Press M ROSEMOUNT 710DUOMT6 200mADC 11.36 * 0.16 OP4311
_SCRAM mADC mADC

P--2C(M) RP Hi Prcss SC£ ROEMOUNT 710DUOTT36S05 4-20 mADC 36 :L 0.16 OP-4311
SCRAM z& PCIS _mD

Fr-ol2D~~ r s Drywell Hi Pless SC OSMUT 710DUOlT6005 4-0mADC 11.36 :t0.14 Q-31L
_ _ SCRAM & PCIS _mADC mD

1.2. Instrument Loop Function (Abbreviated)

1.2.1. The Trip Units for OP-4310 provide SCRAM DIs~charge Instrument Volume High
Level SCRAM (Setpoint=16.7 mAt, 17.66 Gallohs), High Level Rod Block
(Setpoint=10.35 mAt, 9.8 Gallons), and SCRAM Discharge Instrument Volume
Water Hi Annunciation (Setpoint=4.76 mAt, 2.95 Gallons).

1.2.2. The Trip Units for OP-4311 provide Drywell High Pressure SCRAM & PCIS Isolation
(Setpointl 1.36 mAt, 2.3 PSIG).

1.2.3. The Trip Units for OP-4312 provide the Reactor High Pressure SCRAM
(Setpolnt=15.12 mAt, 1042.5 PSIG) trip function.

1.2.4. The Trip Units for OP-4313 provide the Reactor Water Level Low SCRAM and PCIS
Isolation functions (Setpolnt=12.80 mA., 132"H20), Reactor Water Level LO-LO
PCIS Isolation functions (Setpoint=5.60 mA!-, 87'H20), Reactor Water Level High
Alarm (Setpoint=18.88 mAt, 170"H20).

1.2.5. The Trip Units for OP-4323 provide the Main Steam High Flow PCIS Isolation Signal
(Setpoint=17.87 mAt, 104 PSI), and Main Steam Line High Flow Reduced PCIS
Isolation Signal (Setpolnt=4.89 mAt, 6.675 PSi).

1.2.6. The Trip Units for OP-4336 provide Reactor Vessel Shroud Level and Containment
Spray Low Water Level Interlock functions (Setpa VHMgNWYK3UEDESaERGINg G

1.2.7. The Trip Units for OP-4337 provide a Reactor WE CAXI.ME
Trip (Setpolnt19.36 mAt, 173"H20), Reactor-Ve
Isolation & Feed Pump Trip (Setpoint=19.68 mAt vs5
Low-Low Water Level ECCS Initiation (Setpoint Ar

Yankee Nuclear Services Page 7 of 22



Drift Calculation for Rosemount Trip Units Models 51ODU & 71ODU VYC-1615

2X, TheAnalyzd Drift value Is listed In Table 4 (Statistical Summary) for ea
Ice ~~test and the grouped data.

4.2.4. The statist for each surveillance test an i gscn be found In
Table 4 (Saisia begin chmemnts 2 and 4 . [A1

4.3. Plots

4.3.1. The XY scatter plots eson lines, Histograms a... ..r
determining th racteristics of the data are contained I WM0NTYANM DESGN ENGIN
(Month ), Attachment 7 (Quarterly Group), Attachi

Attachment 9 (All Groups - Except OP-4362 Data WM0n a re- jto
4362 Group). _ gr,

A Z 2 rhn ,In*c4pft,,If,.e ~rg nI nr. f~
4

, ~ffoor l h

Ott. 2, 41

EMiNG

- . " -. r W U s-1.lL Ad vi n il X - do s- | vat " You ^ X *1 l w _ 1 lo _ . ..................................................... , _

I 10. -Floy ffRWEWtJ-PAGB1-F.Z01L

5. RESULTS AND CONCLUSIONS

5.1. Groupings

5.1.1. Refer to Attachment 2 for statistical summary of each surveillance and Table 4 for
the resulting groupings.

5.1.2. The data from the Rosemount Trip Units for the monthly surveillance (Attachment 6)
was able to be pooled Into one group due to the components passing the t-Test
performed In step 2.4.3, having the same input ranges, similar model numbers, and
essentially equal standard deviations and variances. Refer to Table I (Equipment
Summary) for component Information and Table 4 (Statistical Summary) for
statistical information.

5.1.2.1. The pooled data provides a group of 4,749 sample points with a standard
deviation of 0.043% of span with an average time Interval of 30 days. As
determined in Section 4.2 of this calculation a 95%/95% TIF will be applied
to the standard deviation for the group which equates to an ADR term of
0.087% of span (0.01 mADC). Refer to Table 4 (Statistical Summary).

5.1.3. The data from the Rosemount Trip Units for the quarterly surveillance (Attachment 7)
was able to be pooled Into one group due to the components passing the t-Test
performed In step 2.4.3, having the same Input ranges, similar model numbers, and
essentially equal standard deviations and variances. Refer to Table I (Equipment
Summary) for component Information and Table 4 (Statistical Summary) for
statistical information.

5.1.3.1. The pooled data provides a group of 760 sample points with a standard
deviation of 0.146% of span with an average time Interval of 77 days. As
determined In Section 4.2 of this calculation a 95%/95% TIF will be applied
to the standard deviation for the group which equates to an ADR term of
0.299% of span (0.05 mADC). Refer to Table 4 (Statistical Summary).

5.1.4. The data from the Rosemount Trip Units for the Semi-Annual surveillance
(Attachment 8) was able to be pooled Into one group due to the components passing
the t-Test performed in step 2.4.3, having the same Input ranges, similar model
numbers, and essentially equal standard deviations and variances. Refer to Table I
(Equipment Summary) for component Information and Table 4 (Statistical Summary)
for statistical Information.

Yankee Nuclear Services Page 17 of 22



Drift Calculation for Rosemount Trip Units Models 51 ODU & 71ODU VYC-161 5

5.1.4.1. The pooled data provides a group of 38 sample points with a standard
deviation of 0.034% of span with an average time Interval of 182 days. As
determined In Section 4.2 of this calculation a 95%/95% TIF wil be applied
to the standard deviation for the group which equates to an ADR term of
0.085% of span (0.01 "mDC). Refer to Table 4 (Statistical Summary).

5.1.5. The data from the group of All Rosemount Trip Units except OP-4362 (Attachment 9)
was able to be pooled Into one group due to the components passing the t-Test
performed in step 2.4.3. having the same input ranges, similar model numbers, and
essentially equal standard deviations and variances. Refer to Table I (Equipment
Summary) for component Information and Table 4 (Statistical Summary) for
statistical information.

5.1.5.1. The pooled data provides a group of 5457 sample points with a standard
deviation of 0.051% of span with an average time Interval of 38 days. As
determined In Section 4.2 of this calculation a 95%/95% TIF will be applied
to the standard deviation for the group which equates to an ADR term of
0.104% of span (0.02 mADC). Refer to Table 4 (Statistical Summary).

5.1.6. The data from OP-4362 (Attachment 10) was able to be pooled Into one group due to
the components passing the t-Test performed In step 2.4.3, having the same ranges,
model numbers and services. Refer to Table I (Equipment Summary) for component
information and Table 4 (Statistical Summary) for statistical Infornation.

5.1.6.1. The pooled data provides a group of 59 sample points with a standard
deviation of 0.146% of span with an average time Interval of 142 days. As
determined in Section 4.2 of this calculation a 950%195% TIF will be applied
to the standard deviation for the group which equates to an ADR terrn of
0.408% of span (0.07 mADC). Refer to Table 4 (Statistical Summary).

5.2. Time Dependency

5.2.1. Rosemount Trip Units - Monthly Grouo

As seen from the XY Scatter plots, Regression lines and Regression statistics in
Attachment 6 it can be concluded that the data Is evenly distributed about zero with a
slope on the regression lines equivalent to < 0.01 % 1-55 days. [Att. 6]

5.2.2. Rosemount Trio Units - Quarterly Data

As seen from the XY Scatter plots, Regression lines and Regression statistics In
Attachment 7 It can be concluded that the data is evenly distributed about zero with
an Insignificant slope on the regression lines line Indicating a negligible time
dependency. [Att. 71

5.2.3. Rosemount Trip Units - Semi Annual Group

As seen from the XY Scatter plots, Regression lines and Regression statistics In
Attachment 8 it can be concluded that the data Is evenly distributed about zero with
an Insignificant slope on the regression lines Indicating a negligible time dependency. [Att. 8]

VERHONT I iDiESiGN ENGINE1RING
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Drift Calculation for Rosemount Trip Units Models 51ODU & 71ODU VYC-161 5

5.2.4. Rosemount Trip Units - All Groups (Exceot Oip4362 Data)

As seen from the XY Scatter plots, Regression lines and Regression statistics In
Attachment 9 It can be concluded that the data Is evenly distributed about zero with a
slope on the regression lines equivalent to < 0.01 % / -180 days. [Att. 91

i-_ 5.2.5. Rosemount Trip Units - OP-4362 Group

As seen from the XY Scatter plots, Regression lines and Regression statistics In
Attachment 10 it can be concluded that the data Is evenly distributed about zero with
a slope on the regression lines equivalent to < 0.05 % / -200 days. [Att. 101

5.3. Normality

5.3.1. Rosemount Trio Units - Monthly Group

As seen from the Probability plots, Probability statistics and Histogram in Attachment
6 It can be concluded that the data is normally distributed with a highly peaked narrow
distribution. [Att. 6]

5.3.2. Rosemount Trip Units - Quarterly Grout

As seen from the Probability plots, Probability statistics and Histogram In Attachment
7 it can be concluded that the data is normally distributed with a highly peaked narrow
distribution. [Att. 7]

5.3.3. Rosemount Trip Units - Semi Annual Group

As seen from the Probability plots, Probability statistics and Histogram in Attachment
8 it can be concluded that the data Is normally distributed with a highly peaked narrow
distribution. [Att. 8]

5.3.4. Rosemount Trio Units - All Groups (Except Oo-4362 Data)

As seen from the Probability plots, Probability statistics and Histogram In Attachment
9 It can be concluded that the data Is normally distributed with a highly peaked narrow
distribution. [Att. 9]

5.3.5. Rosemount Trip Units - OP-4362 Group
As seen from the Probability plots, Probability statistics and Histogram In Attachment
10 it can be concluded that the data Is normally distributed with a highly peaked
narrow distribution. [Att. 10]

VERUIiNTYNDESIGJENGEGBjIN
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Drift Calculation for Rosemount Trip Units Models 51ODU & 71ODU VYC-1615

5.4. Summary

The data contained Is normally distributed, showing little time dependency and is acceptable
for use In SetpointUUncertainty calculations.

5.4.1. Rosemount Trip Units - Monthly Group consisting of components DPT-2-116A-
119D(M), A-D(S1); LT-2-3-57(56)A, B(M), A. B(Sl&S2); LT-2-3-72A-D(M), A-D(S1 &
S3), AB(S4 & S5); LT-2-3-73A, B(M): LT-107-12A, B(M): PT-2-3-52C, D(M): PT-2-3-
56A-D(M); PT-10-101A-D(M), A-D(SI) = 0.087% of span (0.01 mADC).

5.4.2. Rosemount Trip Units - Quarterly Group consisting of components LT-3-231A-H(M),
A, B, G, H(S1) = 0.299% of span (0.05 mADC).

5.4.3. Rosemount Trip Units - Semi Annual Group consisting of components LT-191-63A,
B(M), A, B(SI & S2) = 0.085% of span (0.01 mADC).

.- *,- 5.4.4. Rosemount Trip Units - All Groups (Except Op-4362 Data) consisting of all
components except FT-12-1A. B(M) = 0.1 04% of span (0.02 mADC).

5.4.5. Rosemount Trip Units - OP-4362 Group consisting of components FT-12-1A, B (M)
0.408% of span (0.07 mADC).

Table 4 - Statistical Summary

MONTLY QUARTERLY SEMIANNUAL ALLTU GROUPINGS .OP-4362

GROUPING GROUPING GROUPING EXCEPT DATA FROM GROUP
I ___ _____ _ I _ _____ ____O P .4362 _ _ _ _ _ _

COUNT 4749 760 38 5457 61

AVERAGE % 0.000% 0.002y 0.000X -0.025%

STDEV 0." 0.146% 0. 4% 0.051% 0.175%

VARUANCE 0.000% 0.000% ,A.000% 0.000% \0.000%/

KURTOSIS 0.114 2.019 0.694 1.829 \2.71Y

SKEWNESS -0.008 .332Z 0.023 0.025 . 4

MAXIMUM 0.125X 0 0.063%X 0.188% 0. S%

MIN4MULM 0.125% .S62 -0.063% .0.188% .05 %

95%/95% TIF 2.036 , 2.052 2.49 2.036 /2.33\

STDEVx9S95 TIF-ADR 0.087%Z 0.299% - .085% 0.104% 0.408S

CALUNITS mADC 0 0.05 . 0.02 0.07

X OF ORIGINAL COUNT 9.27% 99.61% 97.44 97.69% 96.83%

Note: The statistical summaries for each of the individual surveillance tests Is listed in Attachment
2 Statistical Summary.
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Drift Calculation For Rosemount Trip Units Models 510DU & 710DU
XY Scatter - All Groups

VYC-1615
Attachment 9

XY Scatter - Rosemount Trip Units - All Groups (Except OP-4362 Data)
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Drift Calculation For Rosemount Trip Units Models SIODU & 7IODU
Regression - All Groups

*. IRegression (Raw Data) - Rosemount Trip Units - All Groups (Except OP4362 Data)

VYC-1615
Attacbment 9
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Drift Calculation For Rosemount Trip Units Models 510DU & 71IODU
Cumulative Probability - All Groups

VYC-1615
Attachment 9

Cumulative Probability Plot - Rosemount Trip Units - All Groups (Except OP-4362 Data)

140
This Chart Applicable to Trip Units: j Note: Chart created from 2 years of I

Idata (1/9 through 1/97)1

120

i

Il

'7
j%4

100 *

so

(S.
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8& Probability
I - Predicted Probability I

40150% -0.050% 0.050% 0.100% 0.150%

-20

-40

% Drift
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Drift Calculation For Rosemount Trip Units Models 5IODU & 710DU
Histogam - All Groups

VYC-1615
Attachment 9

Histogram - Rosemount Trip Units - All Groups (Except OP4362 Data)
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Note: Chart created from 2 years of
data (1195 through 1/97) |

4

I M

is 1

19.
M

I
5

This Chart Applicable to Trip Units:
AIl Trip Units Except - FT-12-4A, B (M) I
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Drft CatculatIon For Rosemount Tr~p Units Models S IODU & 7IODU
Raw Rcgrcssion Statistics - All Groups (Except OP-4362 Data)

VYC 1615
Attachment 9

DV-T " ^ItaA Y X 1 I. I 4 I 4. I- I

4- 4- 4 4. 4 4- 4
Regrssion Statistics
blultiple R 0.030389046 ANOVA

Rt Square 0.000923494 dr Ss KS F SignitIcance F
Adjusted R Square 0.00O053054 Regression I 4.44781E-07 4.44715e-07 2.492963837 0.114473315

Standard Error o.oo0422392 Res5duwl 2697 O.OD0481U4 I.78415E-07
Observations 2699 Total 2698 0.000481629 _

onCefti Standard Error t St PF-value Lower 9 % Upper 95% Lower93.O% Upper 9S.0%

Intercept 2.2934E.05 1.33104E.03 .1.478969909 0.13926314 --3.33s2sE.Os 7.47404E.06 .S.3335 xe0s 7.474044-06

hIurval .9812-07 3.78817E107 1.578912866 0.114473315 .1.44682.E07 1.34092.E406 .1.44692907 1.34092E46

RESIMUAL OUTPUT I .

Observation 9 Drift Residuils Observation % Ddft Residuals Observation % Drift Residua.

I -4.99581.,06 40.0012450D4 901 6.79017E-06 6.79017E906 I801 -2.0052 I E-06 2.00s21e-06

2 -2.005211-06 .0.001247993 902 46.79017e-06 6.79017E46 1502 2.00321e-06 2.003211-06

3 -5.59393E406 .0.001244406 903 -6.79017E46 6.79017£406 1803 -2.00321 E06 2.0032.1E06

4 _ .58453E-06 V0.001241415 904 .6.79017E-06 6.79017£-06 180is 2.00521 E06 2.0052IE46

5 -6.79017E46 4.00124321 903 *6.79017E46 6.79017E9O6 1805 -2.0OJ52t1E46 2.00521 E9u6
6 .1.03789E505 0.001239621 906 -6.79017E-06 6.790175-06 1806 -2.003213-06 2.00321E46

7 .7.3s295E46 UJ.001242612 907 6.79017E506 6.79u17E506 I307 .2.005215.06 2.00521E-06

8 479017E46 .0.00124321 908 46.79017E06 6.79017E506 1808 -2.00321E46 2.00321E46

9 4.79017E46 4.00124321 909 *6.7s17E406 6.79017E-06 1809 -2.005211E4O6 2.00321E.06

1o -6.1920546 4.001243808 910 *6.790s17E46 6.790s17E46 3810 -2.00521 E46 2.00521e.06

11 - 6.19205E46 4.001243808 911 4.79017E46 6.79017E46 1a11 .2.0032IE46 2.005219E46

12 -6.19205E46 40.001243808 912 .6.79017E-06 6.790173-06 1812 *2.0052IE416 2.00321E-06

13 *..59393e.06 4.001244406 913 46.1920SE906 6.1920SE306 1813 -2.0052 t EV6 2.00521E406

14 .5.59393E46 4.001244406 914 4.19205E46 6.19205E46 1814 .2.00521 E406 2.003211E-06

_1 -5.59393e906 .0.001244406 915 46.1920SE906 6.19205E-06 1815 -2.00521 E06 2.00521E-06

1 6 -5.39393EC06 4.001244406 916 *6.19205E406 6.1920SE-06 1816 .2.0052 tE406 2.00521E946

17 -5.39393E-06 -0.001244406 917 4.19205E46 6.19205E46 1817 .2.0052IE46 2.0052E34-06

18 .3.79957E406 4.0012462 918 .6.1920SE906 6.19203-E06 i818 .2.00u2IE.06 2.005211E46

19 .2.60333E4.6 4.001247397 919 .61920sE-06 6.192034-06 1819 -2.005219E46 2.00521te06

20 .2.005211E06 .0.001247s95 920 .6.1920SE-06 6.192051-06 1820 -2.00321.06 2.00521E6246

21 .2.00521E406 4.001247995 921 -6.19205E-06 6.19203sE46 1 821 .2.0u32IE.06 2.00521E-06

22 3.14899ss5e 4.001281499 922 .6.1920S5E46 6.19o0s346 1822 .2.003211E406 2.00521946

23 -2.17432E4S -0.000603257 923 .6.1992u5E46 6.19203E906 1823 -2.00521E946 2.00521 E46

24 .1.03789E903 4.000614621 924 *6.1920SE46 6.1920SE46 1824 .2.00519E-06 2.00521.546

25 .9.16S263E46 .000613817 925 .6.1920E346 6.139203e46 3825 -2.00521 546 2.00521E946

26 .7.98641E506 4.000617014 926 4.1920SE46 6.1920SE46 1826 .2.0052 IE46 2.0052le546

27 -7.98641EV46 -0.000617014 927 4-.19205E06 6.190S5E46 1327 -2.00521 E46 2.005211E46

28 .7.986419E46 -0.000617014 928 4. 920sE-06 6.19205E46 3828 .2.005211546 2.00521E46

29 .7.98641E46 4.000617014 929 4.19-35E46 6.19203E946 1829 -2.00321546 2.003215E46

30 .7.38829E46 4.000617612 930 -6.19203E906 6.19203E946 1830 -2.005215-06 2.005213546

31 .7.38329E46 4.000617612 931 .6.19203E46 6.199203146 1831 -2.003215146 2.00521E546

32 .7.3299E.06 4).000617612 932 4.192039046 6.19205346 1832 -2.005215456 2.00521E546

33 -7.3889E906 4.000617612 933 4.1920sE46 6.19203S-06 1833 -2.0052tE-06 2.00521.546

34 -6.79017E406 4.00061821 934 -6.192039E46 6.192S35E06 1834 -2.00521 E-06 2.00321546

35 *6.79017E46 *U.OU061521 933 4.19'205E.06 6.19203946 1835 .2.00321E46 2.003215E46

36 -6.79017E46 4.0UU61821 936 -6.1920SE46 6.192039E46 1836 -2.00321 e46 2.00521E046

37 46.79017E46 40.00061821 937 *6.192053460 6.1920sE46 1837 .2.00521946 2.005211E46

38 -4.79017E-06 4.0061821 938 -.6 1920E06 6.19203E946 1838 -2.00521 E46 2.0032IE546

39 6.79017E.06 .0.00061821 939 *6.1920E946 6.19205E46 1839 -2.00521E46 2.00521 E46

40 46.79017546 0.00061.821 940 -6.1920SE306 6.19203E46 1.40 .2.003211E46 2.005219E06

41 46.790179-06 4.00061821 941 46.1920SE346 6.19205EO6 1iI41 -2.00321E46 2.0032 I E46

42 4.7901.746 4.00061t21 942 4.61920SE-06 6.19203546 1842 .2.00321n46 2.0032394E

43 .6.79017E46 4.00061821 943 4. 19205946 6.392035146 1843 .2.00521t E06 2.00321E946

44 -6.7901746 40.00061821 944 4.IS205-46 6.192039-46 1844 -2.0052 1E46 2.0052IBE46

45 46.79017E46 4.0'o6 t21 945 *6.19205E46 6.1.9205E46 1845 -2.0052 I3546 2.00a2136
46 4.79017946 4.006182 1 946 *6.19205E46 6.139203546 1846 .2.00e2tE.06 2.003219046

47 4.79017E506 40.00061821 947 *6.192035146 6.1920SE346 1847 -2.00321 E46 2.00321546

.-91r

48 46.79017E546 4.00061821 948 1 46.19205546
4- - --- - 4 4. - --------- 4. 6.1t920356m tA I .21103M2196 I 2.00521146

6.1E9203546 YEWDNIWEDMMBM49 46.79017E-06 - 4.I0061821 9.49 3 46.392055-06
so 4. 19203506 4 0.000618308 | 930 | 6.1920546 6.19203E46

S1 46.19201346 I 4.00061880 931 4.61.9203I546 8. 192035E46 CALCU 1ArIoN .. I&-fz.z
6.19205E-W-- 1*- 4�-* 4.

52 46.192035E46 4.00618808 932 I -4.19205E-06
53_ 53 .36920351646 4I.000618808 1 953 4 93.192034.E6 I 6.1906.
54 1 -6.1920_ SE-_____ I 4.00061808 1 934 4 -. 192035E 06 I 6.192039406

Ak-les
s5 .6-19205106 1 .0.000618103 953 .6. 192035406 I

. -- - ----------- - --- . -- -- . 6. 19205E46
6.192051346 AlTrA=WHM{Y PAS AS-56 .1920346 I 4.i000880 956 4.192059-06
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INPUT ASSUMPTIONS SOURCE DOCUMENT

Vermont Yankee Nuclear Power Station

... Cycle 20

Revision I

May 1998

I
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GE OPL-3 FORM
(Continued)

Parameter Descniption Unlit Cyce (19) GE Proposed Customer Cycle (20)
Parameter Description Unit$ Resolved Value Proposed Value Resolved Value f

Value
PARAMETERS USED 1N RELOAD

A. APRM Ncucnm ~Sctpoint_
(A Ratod Ddv Flo w))

1. RLA Value TSL( ) AL Rated 120.00 125.40 120.00

2. NTSP X a = _ _120.00 120.00

B. APRM Thermal Power Scram (ITS)
Setpolnt (At Rated Drive Ft

1. RLA Vu ) AL QC) % Rated _

2. Rated

TCS Time Constant (aximum_
Value) Sce

D. Vessel Dome Pressure Scram Setpoint

1. RLA Value TSL ( AL (X) psig 10S5.00 1070.00 1083.00

2. NTSP psig 1055.00 1055.00

E. Response Time of Pressure Scram
Sensor Sce 0.50 1.80 1.80 3

1SI-~,SV Position Switch Setpoint

1. - _Value ML (X ) AL) % Open 90.00 90.00

G. Turbine Stop (ISV) Position
Switch Setpooti

1. RLA alue TSLV(1C ) Open _ 90.00_90.00

H. Response Time of TCV Fast
Closure Sensor (Maximum) Sec 0.03 0.03

I. Additional RPS Delay for
BPV Inquiry (TCV Fast
Closure/Full Bypass
Only) Sec ___ _ _

J. Re. ime (Delay) of
_ Rf5Logic (Maximum) Sec __ _ O.OS __ __0.05

K. Response Time of CRD
During SCRAM Table 67B 67B _ .

%UH0KTWJXM0EMKE1iWM33UNQ

CMnxnNK.Y-&--A�7-
-;Wlr
ATWAMLALMF-�-J-C-8



GE OPI,3 FORM
(Continued)

_ .

CRD
Control
Fraction

.

SCRAM Time, Sec (1) �1
V Y

BWR6

67A 67B OPTB SS(2) IAOPT IOPPIT TSIP

0 0.200 0.200 0.200 0.100 0.100 0.100 0.200
1 0.138 0.138 0.153
5 0.375 0.375 0.324 0.218 0.219 0.252 0.490
10 0.317 0.321 0.376
20 0.900 0.900 0.694 0.503 0.516 0.644 0.900
40. 0.874 0.907 1.179

50 2.000 2.000 1.459 1.087 1.175 1.540 2.000
75 1.620 1.844 2.444
90 5.000 3.500 2.535 1.940 2.246 2.986 3.500
100 5.750 3.875 2.804 2.153 2.690 3.380 3.875

(1) Time from de-energization of SCRAM solenoid to specified CRD insertion.

(2) Technical Specification (surveillance requirements) values.

,'SL - Technical Specification Limit
AL Analytical Limit
NTSP Nominal Trip Setpoint
AV - Allowable Value (Minimum)
SS = Steady-State Operation
AOPT - Abnormal Operating Pressurization Transient
OPPT = Overpressure Protection Transients

cT M Axw kCNrS
cisa_ /tC- S67

frAMXW,

C-9



APPENDIX B
WE-103 REVIEW CHECKLIST

Preparer Reviewer

(please print) (ple print) C t t-S$o

Organization Organization v I1'
Signature Signature ' (
Date Date Date '. i 3|

Reouirement Preparer Reviewer

Ensure the title page is appropriately filled out.
* Correct number of pages.

* QA Record filled out.
* -US number il - y
* Record number filled out (13.CO9.001 Included If microfiche or hard

copy of computer runs are attached to the calculation).

* Descriptive title.
* Plant. cycle number and calculation number included. 'N1A' can be

used for plant and cycle number.

* Signatures and dates are Included. and are in correct chronological
order. Print the name and Individuals' organization (if other than
YAEC) below the signature. The title page reviewer and approver
dates do not pre-date any date In the calculation except for
changes containing that Individual's initials and date.

* All WE-108 computer codes and other keywords not in the title which
can be used to retrieve the calculation are listed in the keyword
field.

Ensure the Form WE-103-2 is included and properly completed when a
computer code Is used.
Ensure Form WE-103-3 is included. and has signaturesfdates from both
the preparer and the reviewer and that all comments have been
addressed. If no comments. use the following statement: 'Reviewed in
accordance with WE-103 with no comments.'
Ensure review of the calculation can be done without recourse to the
originator.
Ensure computer codes are used in accordance with WE-103 Steps 4.1.4.4
through 4.1.4.6.
Ensure the calculation Includes a title page. objective. method.
Inputs. assumptions. calculations. results. conclusions and references.

4
ov- Oe-

Ensure the Inputs are referenced to formal documents. e.g.. WE-103. The
reference cannot be a YAEC report unless formal QA records are checked
and also referepced. oJVl Rvfh 207,.05 1ee4 Zkcft7

E %'iriseon rgip5ut « e'raeand external correspondence is prepared
and reviewed. and is. therefore. a QA record. If there Is only one
signature on the correspondence. verify that it is a QA record.

A" Vaw-AcoMXeU&;e A-MA Z>*w-4 Elf

N/A

WE-103-B-1 vmWCwYANM DESE ENGINEERiNG

MM1JNNQ.

,j



APPENDIX B
WE-103 REVIEW CHECKLIST

(Continued)

Reouirement

Ensure that If design specifications were used as-input to the
calculation. the performance characteristics are verified in writing by
the provider of the component/product or by cognizant YAEC/plant
personnel.

Ensure that input and modeling uncertainties are explicitly addressed
In the calculation.

Ensure that the applicable input considerations from WE-1O0. Table 1
have been incorporated and are explicitly addressed within the
calculation.

Ensure Individuals responsible for each portion of the calculation are
identified when multiple preparers and/or reviewers are utilized. Page
Initialing Is optional. even in the cases where Initial boxes are
provided on the pages.

Ensure each page has a page number and the calculation number and
revision number. if applicable. Dates on each page are optional.

Ensure that every page of every attachment (or Appendix) contains its
attachment (or Appendix) number.

Ensure corrections are addressed In one of the following approaches:

* Retyped and Identified by a vertical line with revision number. if
applicable. in the right margin: OR

* Lined out. initialed and dated by preparer: OR
* Photocopy of original to eliminate any previous correction tape.

whiteout. or erasures.

Ensure enhancements and clouding are initialed and dated.

Confirm legibility meets WE-103. Appendix A. Specific pages can be
exempt If they are: (1) documents received from another organization
who is the original QA custodian. or (2) supplemental pages included
for information only. In these two cases. make sure a memo was issued
to RMS per WE-002. Section 3.4.3.

Review of 1OCFR50.46 reporting requirements has been documented for
azalysAs which assess conformance with 1OCFR50.46..'v' '4WU44 caW

Ensure computer 'oYe' are vaXdiet ei'? the computing environment.

Ensure script files are Included in the calculation or referenced to
another calculation. Also, ensure the preparer identifies how the
code/script was run. 45!1

Ensure applicable outstanding Cel ,-.e-teports Vhs) have been
reviewed for influence on the calculation and note review in
calculation.

Ensure relevant conditions/limitations have been reviewed for their
effect on this calculation and the review Is noted in the calculation.

vOl1TYAifEDESIGNEN GNWE G

cAcuINNHO. ItaZ 4A #X/e

Preparer Reviewer

, A

7,/

4-,

,4L

N/A

N/A

0k~-6w

ow% *--

MIA -

N/A

ffWWWALMA:-0F-7-WE-103-B-2
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TABLE 7.2.1
AEJAaPWM__PLoF ~E

REACTOR PROTECTION SYSTEM

INSTRUMENTATION SPECIFICATIONS

Required ( 1 Trip'2
Accuracy _ett

Scram
Function Instrument

Neutron Monitoring See Section 7.5,

System Scram 'Neutron Monitoring

Nuclear System Pressure Transmitter/ 94L5i. 1055 psig )Oa~sn FS

High Pressure Bistable S;tJ

Reactor Vessel Low Level Transmitter/ +3.3 n es >127 inches

Water Level Bistable above top of
enriched fuel

Turbine Stop
Valve Closure

Position Switch 110% valve
closure

Turbine Control
Valve Fast Closure

I Main Steam Line
Isolation Valve
Closure

* Start of control
valve fast closure

Position Switch <10% valve
closure

Scram Discharge
Volume High Water

Level

Level Transmitter
Electronic Trip Unit

Repeatable
within trip

setting
tolerance

<21 gal..

Primary Contain- Pressure Transmitter/

ment High Pressure Electronic Trip Unit
±0.05 psig <2.5 psig

Main Steam Line

High Radiation

Gamma Monitor 3 times normal
background level
at rated power

II * This signal is derived from the same event or events which cause fast

closure of the control valves.

Revision 12



CALCULATION VYC-467 REv. 4 ATTACHMENT B CALCULATION DETAIL

32.2.2 Accident I - HELB (RWCU-21)

TE &1xf a 19.8 PSI

il:xmt CE 2+ 0832* DA 2mt.2 TE alat 2
-V*11*051'

3.2.2.3 Accident 2 - Seismic Event

SE xa* = 7.5 'psi

I

III2
I- t)j

*.a2Rt=* =CE 2 i- DS 1. +tS~2 TE 2 -., 0 62Rlx,& a 1&04 VW

3.3.0 MASTER TRIP UNITS PT-2-3-55A(M), 55B(M), 55C(M), 55D(M)

3.3.1. Uncertainty Elements

3.3.1.1 Reference Accuracy (A)

A = (AX 2 + h2 + 12 + r212

Where:
'A = Reference accuracy of Instrument
AX 2 vendors stated basic accuracy expression
h - hysteresis
I = inearity
r = repeatability

AXu :=o*-cs ntu

I ntu :=&%.CS mtu

rhrtU :=0-13-%-CS mbt

;~u:=$Ax~u~shMu +ldu frZU X u)

WA#V7j VyXdii,/97? ; 7),( jl4A,3)= 79IP t>117'

Awwzoa ~ ' oiS

a.~~X a*

'V Amtunlmlpw 5 Master Trip Unit Accuracy

-?REv4.MCD PAGE7OF 19 5/2 1/97



MEMORANDUM

YANKEE ATOMIC - BOLTON

To: File Date: April 23, 1997
Group #: WI 41197

From: G.J. Hengerle WO. M: 4894

Subject: Improved Setpoint Program/FSAR Table IMS F:
Revisions and M&TE Accuracy File #: s0(Nom2o1-1A89

References:

a. Vermont Yankee Setpoint Design Guide (Draft)

Background:

The Vermont Yankee Setpoint Design Guide (reference a) addresses the manner
in which M&TE should be used. Reference a) does not address the manner in which the
Vermont Yankee FSAR should be modified to reflect changes to accuracy. The manner
in which these two issues should be addressed Is discussed below.

Discussion:

Vermont Yankee FSAR:

The Vermont Yankee FSAR contains tables In Section 7 which Identify the
Instrument functions, setpoint, and accuracy.

Issue:

Historically, the "accuracyo was the reference accuracy of the sensor. This was
easy to comprehend when the trip channel was composed of a single bistable
switch. The analog upgrades added components which made the table more
complicated. Later, the aocuracy3 was selectively revised to reflect the total loop
uncertainty (which Included variables in addition to reference accuracy). The
Improved Setpolnt Program (ISP) will be developing new error analysis which will
again impact this section of the FSAR.

Historically, the "hip setting3 was the value found In the Vermont Yankee Technical
Specification. This value will not be affected In the Custom Technical Specifications
(CTS). However, the Improved Technical Specifications (ITS) will specify an
Allowable Value (to be determined In the setpoint calculation).

vmRNT'I@EDEmGS/E=5uN

Pa-,ae I of 3 Pe1fWU3 LD-!L



I

Memo WI 41/97
GJH to FilefFSAR and M&TE Guidance

Resolution:

The FSAR tables affected by the new/revised calculations could result In changes
to the Vermont Yankee FSAR. The following guidance shall be applied when
identifying the FSAR changes:

1. The accuracyr component Is -to be he reference accuracy of the sensor
(RAMs.) and, if part of an analog loop, the reference accuracy of the trip unit
bistable (RATtpunj Each component and its required accuracy should be
identified as shown on the attached.

In some cases, the RADON is very small such that the available M&TE
accuracy (RAM&TE) is larger than the RAoe value. In these cases, the
RADON is de-rated to be equal to the RA*,&E. In these cases, the de-rated
value should be applied as the Rm,, as determined in the setpoint
calculation.

2. The CTS trip setting will not be changed as a result of the ISP. However, the
ISP includes an evaluation to deterinine the new ITS Allowable Value. To
address the new ITS value, the FSAR tables will be revised, as necessary,
to Identify the new ITS value next to the existing CTS value as shown on the

.dmv attached. VERMUOfTlUESNEGEurNG

Issue: W'5-

Reference a) provides guidance as to how M&TE should be addressed. The ISA RP67.04
Draft 10 implies the use of 0.5% (of span) Is acceptable. For consistency, what approach
should be applied to specifying M&TE?

Resolution:

This is In agreement with the Yankee Operational Quality Assurance Manual (YOQAP-1-A
Revision 27), Sections II & Xl and ANSI N45.2.4-1972. Specifically:

wWhen characteristics, efficiencies, capabilities, or other properties are measured
to appraise compliance with specifications, the [M&TEJ Instrument must have
adequate accuracy to detennine the measured quantity to the precision required by
the stated specifications."

The guidance provided in reference a) Is consistent with YOQAP-1-A. To achieve the
requirement, the M&TE accuracy must be at least equal to (or better than) the Reference
Accuracy of the instrument being calibrated. For consistency, the limiting M&TE error
contribution (and the M&TE criteria to be required in future calibrations) will equal the
Reference Accuracy.

Page 2 of 3



jemo VYI 41197
GJH to Fl~e/FSAR and M&TE (uidance

Conclusion:

The above discussion provides general guidance for proposed FSAR revisions and
M&TE. Other methods are acceptable. It is at the discretion of the Preparer to determine
if the methods discussed above, or another approach (with bases), should be applied for
their specific application. Acceptability of the method(s) applied shall be determined by
concurrence with the independent reviewer.

The guidance provided In this memorandum will be incorporated into a future
revision of the Vermont Yankee Setpoint Design Guide (as appropriate). Until then, this
memorandum is an interim change to the design guide.

Ge eJ. Hen re
Senior l&C Engineer
Vermont Yankee Design Engineering

' jIs-. Interim Design Guide References

1. Memo VYI 31/97, Improved Setpoint Program/Application of Analyzed Drft Values
in Setpoint DeterminationT , April 2, 1997.

2. Memo VYI 32197, Improved Setpoint Program/Relationship of HELB Environments
to RPS Setpoints', DRAFT

3. Memo WI 41/97, "Improved Setpoint Program/FSAR Table Revisions and M&TE
Accuracy", April 23, 1097.

w EUDESl6KRllUn6G

C: Design Engineering
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VERMONT YANKEE SETPOINT CONTROL PROGRAM
INTERDEPARTMENTAL REVIEW OF CALCULATION:

VYC- 467 Revision 5 has been prepared and independently reviewed. The Departments impacted by this
calculation are requested to review the results of this calculation, concur with the results and/or
recommendations, and document the department's acceptance prior to the calculation being approved.

1. Summary: This calculation evaluates the uncertainty & setpoints for Reactor System High Pressure
Trip Loop

2. Calculation Onen Items:
Assiened

AP-0028 to be

Not Applicable *4A 2.0A&.2/+1

3. Department Review - contact the Setpoint Program Manager (G. Hengerle) if not in agreement with
the conclusions/statements.

3. 1. Vermont Yankee E&C

3.1.a. Procedure; OP4312 "Reactor Vessel High Pressure Scram Function Test/Calibration' will
require the following:

1. Calibration Tolerances:

PT-2-3-55A/B/C/D
a. As Found values:
b. As Left values:

From

+/- 0.17 mA
+/- 0.04 mA

To

+/- 0.16 mA
+/- 0.04 mA

Disauree

0
0

PT-2-3-55A/B/C/D (M)

8.
b.

As Found values:
As Left values:

2. Nominal Setpoint

3. Limiting Setpoint

4. Head Correction

+/- 0.04 mA
+/- 0.03 mA

1038 psig
15.07 mA

1068 psig

12 psig

+/- 0.03 mA
+/- 0.03 mA

1038 psig
15.07 mA

1066 psig

12 psig

03
0

03
0

03

0

5. Insert the following M&TE requirements:

M&TE
Heise Gage 901B
Heise CM & CMM
HP 34401A Digital Multimeter
Rosemount Readout Assembly

RangMes
0-2000
0-2000
0-100
0-28

Resolution
0.1 psig
2 psig (Minor Div)
0.0001 mA
0.01 mA

CACUUMM -'qkf-r0L46-1

M WN Nei -- -------
8
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Vermont Yankee Setpoint Control Program
Interdepartmental Review of Calculation VYC- 467 Revision S

3.1.b. The following comments/recommendations apply:
Concur Comments

1. None O

_ _ _ , , & Date

Vermont Yankee E&C Representative

3.2. Vermont Yankee Reactor Engineering

3.2.a. This revision does not impact Vermont Yankee
Reactor Engineering

Sign & Date
/ I-T4-rt4..

&CvnCe Z02/A0

Concur Comments

fs3be 7. ( >.17) f4*Vt1.
021~0at

St l40c$SIL3 10L 1 4

le- ~ C:VPt 4o
ITXZIIZWD.4t

Vermont Yankee RE Representative

3.3. Vermont Yankee Operations
Concur

3.3.a. This revision did not change the existing setpoint or existing RI
margins of operation to the Analytical Limit. Therefore, there
is no impact to Vermont Yankee Operations

Comments

Sign & Date
/ 1-O0- Qo

W Vermont Yankee Operations Representative

3A. Vermont Yankee Systems Manager
Concur

3.4.a. This revision did not change the existing setpoint or --
associated Analytical Limits. Therefore, there is no Impact to
Vermont Yankee System Engineering.

Comments

- - .~- ~ I ISig, D ote
_ / OR XYoo

Ce/ z Z- Vermont Yankee System Engineering Representative

VRO NTW EEDS W D ~G1EE1N

I f o
CNI~i q u,- (Dq/oo



Vemont Yankee Setpoint Control Program
Interdepartnmental Review of Calculation VYC-467 Revision 5

3.5. YNSD Nuclear Engineering

Comments
3.S.a. Custom Technical Specifications

I. Analytical Limit used in setpoint determination: 1085
2. Potential accident trip (LOCA): N/A
3. Potential accident trip (HELB): N/A

3.5.b. Improved Technical Specifications
1. Analytical Limit used in setpoint determnination: * 1085
2. Potential accident trip (LOCA): N/A
3. Potential accident trip (HELB): N/A

Concur

0

0

(ti
(1)
(1)

(I)
(I)
(1)

(1) No change to Analytical Limits identified in VYC-467 Revision S.

AL,46M-Xanag, o / Sign & Date

-?K £Zedjo.f' /00 4 Z54d YNSDND R ep ntatie,, 3 -aya-
~t4 -,~1 £-7 -ssX~ts ( . 70$
3.6. Vermont Yankee lBD Manager

- ~~~~~~~~~Yes
3.6.a. The DBD is complete (an AP-0028 to follow) 0.

The results of this calculation does not change any values in the associated DBD.

No
C3

90.h9Q
Sjgn�& Date

/ 3I��Ioo
ISP Program Manager

3.7. Vermont Yankee Licensing

3.7.a. FSAR Changes (AP-0028 to follow)
3.7.b. Other impact on licensing basis:

Impact
None
None

Yes No
Oi gj
a la

PM1,. A2 Sun & Date
1 31 aloe6

- I- r T- ISP Program Manager

1WH ED6IHENUES

.N 98 gt, -i

CRA~3VK '4-cz.Ab1
mmE L J A G E9J F10

t 3A&l-



Vermont Yankee Setpoint Control Program
Interdepartmental Review of Calculation VYC- 467 Revision 5

3.8. Vermont Yankee ITS Manager

3.8.a. This analysis does not provide an input to the ITS.
Therefore, An Allowable Value does not apply.

Yes No
0 0

3.8.b. This analysis does not provide an input to Technical Requirements Manual. 0

A AOM
Sugn,& Date

_1 31 W

or -- ------- i----- ISP Program Manager

3.9. Other Department(s)IProgram(s) None

3.9.a. Impact assessment/recommendations: NA
Concur

ILA4 0A A22 Sgn.& Date
_/ 3t1- I00

4 t _

I C I ISP Program Manager

4. Setpoint Program Manager
Completed

4.1. Concurs with above. Ek-te
4.2. Interdepartmental Review form (copy/steps I through 3) incorporated

into calculation.
4.3. Calculation has been approved. IB Ay
4.4. AP-0028 commitments have been assigned and forwarded for

incorporation into the Commitment Tracking System.

pproved on 3 to

1) - �Qa, ,SIP & Date
1 -V^10c:

_ I - _

I I I ISP Program Manager

Ml1JONTYA MI)BDESIGN ENGINEERING

CAY 3J00t-
8 : L~~310



Vermont Yankee Setpoint Control Program
Interdepartmental Review of Calculation WC- 467 Revision 5

5. Post-Approval Requirements

a. E&C (perform as appropriate):
* Initiate AP0022 Setpoint Change Request
* Update MPAC
* Revise calibration/functionaVlogic test procedure
* Inform the following after changes are implemented:

- Setpoint Coordinator
- Setpoint Program Manager
- Training (notified via AP-0022 if initiated)
- Operations (notified via AP-0022 if initiated)
- Design Engineering

b. Setpoint Program Manager: Update Program Manual
(after step S.a).

c. Setpoint Coordinator: Update Setpoint Data Base
(after step 5.a)

d. Design Engineering: Initiate FSAR/DBD changes,
as appropriate (if DED has been completed)

AP0028 \C4 &-P

AP002S L 4 z

AP0028 \N {~~L -. P- -40z

AP002S NA

Comments:

YERIANTYM4KEEOESGW~G1NU

cAcIgfOiO.'V mt~O

p~~J. LAAO
A~~rA~wAE1U~.,Aa&Jw~~e~3N-I I-


