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T REV SUMARY OF CHANGE APPROVAL

ORIGINAL ISSUE DATE: 1-1-88

1 This revision provides clarity to Setpoint
and T.S. Allowable Limits (Section 5.2.2),
Setpoint Upper/lLower Limits (Section 5.2.4),
and Acceptable-as-Found Limit (Section 5.2.5):
plus, adds Surveillance Test Tolerance Error
to consider under Normal AcCuracy error
(Ssction 6.3.3), ami deletes cambination
method requirements (Section 6.4) (5/22/89).

2 This minor revision clarifies that the 6/l§/19
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EURFOSE AND_SCOPE

This design standard describes a uniform method for establishing
setpoints for instrumentation channels. Setpoints are intended to
initiate corrective or protective actions in a timely mamner before the
safety of pecple and/or equipment are endangered. Therefore, those
factors that influence the accur.cy of the instruments initiating the
setpoint function must be considered to assure that the instrument cxip
signal will be generated when it is required. This standard addresses
the factors that must be considered when establishing an instrument
setpoint and how these factors are cambined. Included are the rela-
tionships of the instrument setpoint to the various limits of normal
cperation, design basis event envirummental conditions, and calibration
and surveillance testing. The scope of this standard does not include
the methods for detarmining equipment protective values, process safety
limits, safety factors that should be utilized, or design basis event
analysis that apply. Factors affecting instrument accuracy are de-
scribed, along with methcds for calculating their impact on overall
loop accuracy, and setpoint.

APPLICABILITY

This standard shall apply to new designs, modifications of design, and
for new calaulations required for safety systam instruments that are
provided with setpoints where specific actions are either initiated,

terminatad or prohibited. The methods in this standard shall apply to
both safety related and Balance of Plant (BOP) calculations.

Error calculations that utilize this standard shall address every item
in the Requiremants Section 5.0. If a requirement of this standard is

evaluated as not applicable, then the calculation shall provide a
statement of the reasans why it is not included.

1. ISA-S851.1 (1979) Process Instrument Terminology.

2. ISA~S567.04 (1982) Setpoints for NMuclear Safety-Related
Instrumentation Used In Nuclear Power Plants.

J. Regulatory Guide 1.105 revision 2 (February 1986) Instrumentation
Setpoints for Safety-Related Systems,

4. NUREG/CR-3691 (September 1984) An Au.mxt of Terminal Blocks in
the Nuclear Power Industry.
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.0 DEFINTTIONS

4.1

4.2

‘.3

4.4

4.5

4.6

Acauracy - In process instrumentation, degree of conformity of an
indicatad value to a recognized accepted standard value, or ideal
value (Ref. 1).

- The maximm positive and negative deviation
a device under specific conditions and by a
specified procedure. (Ref. 1)

Note 1: It is usually measured as inaccuracy and expressed as
acouracy.

Note 2: It is typically expressed in terms of the measured
variable, percent of span, percent of upper range-value, percent
of scale length or percent of actual output reading.

W-mMmum,nMumiw
t a limit that errors will not excsed when a device is
used under specified cperating corditions. (Ref. 1)

Note 1: When cperating conditions are not specified, design
cparating corditions shall be assumed.

Note 2: As a performance specification, accuracy (or reference
acoracy) shall be assuned to mean accuracy rating of the device,
when used at reference cperating canditions.

Note 3: Accuracy rating includes the combined effects of
conformity, hystaresis, dead bard and repeatability errors. The
units being used are to be statad e@licitly. It is preferred
that a + sign precede the number or quantity. The absence of a
sign indicates a + amd a - sign.

Design Basis Event Analysis - That analysis used to determine
safety systam responses to design basis events.

= An undasired change in the output over a period of time.
change is unrelatec to the imput, enviromment, or load.
(M 1)

Error - In process instrumentation, the algebraic difference
mmunmummmmammmofmmm
signal. It is the quantity which algebraically subtracted from
the irdication gives the ideal value.

Note: A positive error denctes that the indication of the
instrument is greater than the ideal value.

Exror = Indication - Ideal value (Ref. 1)

3.0



centi.fiatim affects on tamwerstse measuremants, or the effect
of fluid dansity changas on leval maasursnant.

= The change in cutput resulting from mounting or
an in a position differant fram chat at which it
wee calibratad. (Raf. 1)

o - In this design standard, all arrors that we not
poamtic arvors. Eror dus o ro lown causa, usually tha neR
m&taammotmnaﬂm T™ha valus tendse o
clustar shaut @ cEmtral polint with a fairly eqgual cpresd above and
baloy the cantral valua.

= An error which, in the coursa of a mumber of
MRESUTCIENTS mmnmwmumotmmvumotl
given Quartity, either remains congtamt in absoluta valua and sign
or varias eccording to a definite lav when the conditions change.

= An arrangenart of coEponarts and modulus that

@epamiwwumaimlmfmmbya
gansrating station cordition. A charmel loaes its idamtity whare
gingle protactive action signale are combined., (Raf. 2)

hction = Tha initiation of a signal or oparation of
1 tha protsctich systam or protactive action system
wmamuwmmimmmulmtm
cm‘:mmmmmmalmnwmdmmmm
bagis, (Raf. 2)

safety Limit = A limit placad on important process variables that

against the uncontrolled re.ease of
redicactivity. (Ref. J)

= An input variable that sets the desired value of the
ed variabla.

%-mmm:uttmmmwmlwm
uas,
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Determination of Setpoints
Setpoints shall be selectad to provide sufficient margin between
the action setpoint and the systam protaction limits to

ar the effects of normal procuss transients/upsets. Detailed
requiremants for the instrument setpoint relationships are delin-
eatad in this section and illustrated by Figure 1.

Allowable Value (Technical Specification Limit)

The technical specification limit shall be regarded as the oper-
ational allowable value. Jperation within the allowable value
shall provide assurance that autamatic protactive action will
ccrrect the must severe abnormal situation anticipated before a
safety limit is excesded.

$.2.1 The allowances betwean the allowable valus (technical
specification limit) and the safety limit shall include
the following items unless they are included in the
detarmination of the process safety limit.

a. The «ffects of potantial transient overshoot as
detarmined by the design basis event analysis.

b. The effects of the time response cha.acteristics of
the total irstrument channel, including the sensor.

c. BEwiromental effects cn instrument accuracy or time
response charactaristics caused by anticipated
oparatiocnal ocourrences or design basis events for
those instrunents required to mitigata the
consequences of such events,

$.2.2 Setpoints and Technical Specification Allowable Limits

The setpoint value to initiate protective action, cambined
vith the instrument loop inaccuracies at normal operating
corditions, shall not excead the Allowable Value
(Technical Specification Limit). This margin between
setpoint and allowable values shall provide allowance for:

5.0
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a. The tolerance specified in the instrument locp calibra-
tion procedure. This valus is corsidered 2 systamatic
«aror for conservatism.

b. Al irstrument ranckm and systamtic inacouracies and

drift that ocour during normal enviromental cperating
corditions.

Accuracy of the test egquipmant used for swveillance
testing the instrument channal.

Process measurement accuracy such as the effects of
fluid stratification and changing fluid dersity.

$.2.) Setpoints and Oparaticral Limits

e

$.2.4 Setpoint Upper/lower Limits (As laft Calibration

This is the tolerance specified in the surveillance test
procadure that is acceptable without recalibration. The
band betwean the setpoint and its upper or lowar limit
shall be broad encugh to minimize the need for

(calilration tolemance) specified on the tast procedure

mey be darived from historical maintenance data or other
sorves, For new designs, the tast tolerance

shall be calculatad to include the statistical cambination

of the two sigma random accuracy ratings of all the instru-
mants that camprise the loop, and the accuracy ratings of
the test euipment used to calibrute instruments
This value is egressed vith a plus and mirus sign that
dafines the upper and lowar setpoint limits. For new
designs, the setpoint is determined by algebraically
adding the calibration procedure tolerance to the calcu-
latad locp error. This is very conservative. Historical

§§
s
i
i
i
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5.2.%

Acceptable-as-Fournd Limit

The Accesptable-as-Fourd limit, also known as the
suaveillance tast Accsptance Critaria at ™I-1, shall be
used for the evaluation of suwrveillance test as-found
data. This bard defines acceptable drift limits of the
instruments included in the swveillance test, and is used
to confirm that the instrument loop has not drifted beyord

an acosptable predictad value.

As-fourd limit shall include errurs due to drift, temper-
ature effect, and power spply effect in addition to those
errors used to detarmine the upper/lower set point limit.

For some existing instrurent loops at TMI-1 the
surveillance tast Accsptance (ritaria (acoeptable as fournd
limit) is the same value as the setpoint upper/lower limit
value. For these instrument loops the values were either
derived from historical instrument performance data, or
wers specified by the manufacturer that provided the
instrument loop.

Errors that are not measurable during a surveillance test
are not included in the Acceptable-as-found limit. (e.g.
Transnittar error when the transmitter is not part of the
surveillance test.)
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6.0 CALCULATIONS
6.1 Instrument Acouacy Baseline Data
6.1.1 Vendor product specifications and/or Erwircrmental Quali-

6.2

‘ul-:

6.1.3

6.1.4

mﬁwummmmw'mdw-
otherwise specified, represents a probability distribution
of thres sigm with a confidence level of 99.7%.

For accuracy calculations the NRC staff has acosptad 95.5%
(two sigma value) as a probability limit for errors (Ref.

J). Therefore all calculations shall utilize all baseline
data of random values at two sigma to provide loop accurucy
and set point values at a two sigma probability.

Three sigma baseline values can be convertad to two sigma
by multiplying by two~thirds.

In an accuracy calculation of an instrument string of two
or more camponents convert all individual component errors
into the common unit for the variable of concarn. For
eample, a string consisting of a differential transmitter,
an analytical unit and a meter may have their individual
accuracies expressed as § full range (psi), % of output
(mv), and § of scale (ft. of watar). If the variable of
concern is ft. of level, the accuracy of each camponent
shauld be converted to feet of level for the calibrated
range of the application.

Sambining Acouracy Ervors

The accuracy error values of the instrument loop are cambined using
the following methods:

a. All errors jdentified as random errors will be combined usirg
the square root of the sum of the squares methcd.

b. Systematic errors will be cambined by algebraic summation.

. The total inaccuracy is the algebraic sum of the total random
error and total systematic error.

9.0
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6.2 Discussion of Acouracy Calculatiors
Following is a discussion of various errors to be considered.

6.3.1 Prooass Measurement

Process errors in measuremant are causeu by process
variables other than that being measured. Flow and level
measurements using differential pressure transmitters are
subject to errors due to changes in the tamperature and the
static pressure of the process fluid.

6.3.2 Static Presasue Errors

6.3.3 Normal Accuracy

(1) Module Accuracy Rating = The acouracy of the module
under consideration include the combined effects of
probable error introduced as a result of dead bard,

repeatability, hystaresis, etc.

(2) Calibration loop tolerance - This error is specified
in the instrument loop swrveillance test procedure.
For new designs this errcr is calculated by statisti-
cally cambining the two s.gma values of the accuracy

10.0



(3)

(4)

(%)

(6)

(7)

(8)

(9)

(6.3.3.(2)).

b. Surveillance teast accuracies are used in
calculating the total loop errur (5.2.2.0).

Miscellanscus Errors - Exrors that may be peculiar to a

particular module should be included, i.e., self heating.

Wire Drop Errors - Errors introduced as a result of

line " signal caurent passes through dropp
z-u:;. utm.tmua-, etc. -

Radiation Bposure

6.3.4 Accident Accuracy

1. Accident acouracy calculations are performed only for those
instruments loops that have any componant physically
locatad in a harsh enviroment., Only those mmidity,
tamperature, and radiation errors due to the accident
ervirament are canbined to define the Accident Accuracy.

11.0
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Instrumarts are qualified to oparats in the worst
ewvirament anticipsted at its location. However, the

cour concurrently, parform two separate calculations
and identify them by the time aftar the accident. Use the
worst (greatest) error value of the two calculations to
dafine the Accidert Accuracy.
In those instances whare the instrumsnt product data sheets
ar I test reports provide error values for envirormental
corditions much more severe than the design basis event
ccnditions, and the ertor calculations are not realistic,

s.
¥
§
!
:
|

4

Use straight line intarpolation if the results will be
conearvative.

If the arror is non-linear with the data points given,
“hmmwmm-o",

for >0 than a straight line imterpolation will provide
conservative error values betJesn the extreme given

values.
Low insulation resistance valuss due to cordensation at
tarminctions (e.g. terminal blocks) or dus to cabling being

in a high temperature ambient can cause significant in-
strument signal error. A method to derive that error is
presanted.

12.0
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6.3.5

Effectively, an instrument transmitter performs as if it is
4 variable resistor with the resistance value proportional
to the process condition.

Sardia National laboratories, in NURBG/CR-3691 (Ref. 4)
described a reascnable basis for determing low IR induced

arTor., T™he following equivalent eguation for egressing
instrusmnt error is provided:

Ve Rl
¢ =
To(Rgn - Ry )
Where: e = ETor
V, = Souce Voltage (Volts)
Ry = Equivalent Series Pesistance of lLoop

Instrunent and Cable to Low IR Region
(Qtunm)

Iy = - Transmitter Output Qurrent (Amps)

R = Parallel insulatin resistance of cable/

sh or splice (Including Adjustoent for Length
ard Ciruuit Configuration) (Chms)

Time Responss

Time response calculations are detarmined by algebracially
adding together the response time of each instrument in
instrunant chamnel. Response time is provided on the
manufactures product specification. Use the absoluta
value provided, ar the value required to abtain one time
constant.

The time response is analyzed to insure the integrity of
th protactive action is maintained. That the process
safety limit is not excesded Auing the tims required for
u;ﬂh-m-mmwuumummwmim
. .
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