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1. SCOPE

1.1 Purpose: This document has been prepared to record appropriate methods for
the establishment of recompended instrument nominal trip setpoints and technical
~ specification limits in a consistent and repeatable manner.

" 1.2 Setooints Covered: The setpoints considered are those associated with the
~ Reacter Scram Instrumantaticn, Isolation Instrumentation, Emergency Core Cooling
.- System and Rod Withdrawal Block Instrumentation. _

2. APPLICABLE DOCUMENTS

2.1 General Electric Company Documents ' -

2.1.1 Supcortina Docusents. HNone

3. SYSTEM CESIGN REQUIREMENTS

3.1 General: System design requirerents are contained in the appropriate design
documantaticn. Tney are utilized her2, whe) necessary, to insure that the nominal
" tripsetpoint recommendations do not result in violation of system design
requirements. . . - A

3.2 Definitions: The definitien of terms used in’ this document are those contained
in 1EEE Stanaard 109-1372, iESE Standard Dictionary of Electrical and Electronic
Terms, as further defined in‘ this docurent.-

3.2.1 PMnalvtic Limit (A.L.): che value of the sensed process variable established
as pavt of the sarety analysis, prior to which a desired action is to be initiated
to prevent the process variable from redching the associated design safety limit.

3.2.2 ‘Calibration accuracv: the quaiity of fresdom from errcr to which the trip
setpoint is galiurated with respect to the true desired setving, including both
calibration instrumentation accuracies and calibration procedure allowances.

3.2.3 Conformitv, indeperdent: the max-mum daviation of the actual characteristic
(averagg CT upscaie and downscale readings).from a specified curve, so positionsd
as to minimize the maximum deviatien. . - ‘

3.2.4 Desicn sefety limit: the design limit on a process variable that is
necessary to reascnably protect the integrity of physicai barriers that guard
2gainst uncontrolied release of radioactivity.
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3.2.5 Extrem sieady state operating value: the extrerme value of the process
variabla anticipated curing ncrial steady state operation, This value may be
either a maximunm or a minimum value depending upon the process variable,

3.2.6 Irstrument accuracy: the quality of freedom from error of the complete

instrument channel from the sensor input through

the trip unit output including

the combined conformity, hysteresis and repﬂatab111ty errors.

3.2.7 Instrument drift: the change in the value of the process var1ab1e, at’
which the trip action will actually occur, between the time the nominal trip
setpoint is calibrated and a subsequent surveillance test, dve to all causes, as

measured in terms of the inst-umentation indicator scale. The value of the process
variable at which the trip action will actually occur at the time of calibration is

taken to be the intended nominal trip setpoint value. ‘e

3.2.8 Licensina Event Report (LER): a report which mdst be filed with the United

States liuclear Reguiatory Corrmssion by the power plant operator (Utility) when a
technical specitication limit is exceeded, e.g., when a trip setpoint value is
found to have exceeded the ccrresponding tachnical specification limits

3.2.9 Limiting normal oderating transient:. the

able transient anticipated during norral operation for which initiation.of the trip .
gCtlon associated with the 1nstrunentat1on non1tcr1ng ‘he process is not ant1c1pat°d

mcst severe sensed process vari-

3. 2 10 Maxirum dasicn instrumentation dr1ft. the nax1mum drift permitted by the

instrumsntation d2sicn and procurement specificad

fcns for the camp]ete instrunent

channel from the sensor through the trip unit, inclusive. The maximum drift
represents two standard deviations of the probability distribution 9f inst ‘urent

dritt. The .maxiaum ¢ritt is specified for a period of tim: equivalent to or greater

than the surveillance test interval,

3.2.11 Operational limit: the operaticnal velue establishaed by the limiting normal

operating transient.

" 3.2.12 Hominal Tric Setooint<§H.TiS.$: the intended calibration point at which

a trip-action is set to operate, ccumonly the center of.-an acceptable rance of

trip operation.

3.2.13 Repeatsbility: the closeness of agreerent ¢inong a aumber of consecutive

measuramznts of the ou zut for the same value of
conditions, approaching from the sare directicn,

3,2.14 Technical Stecification Limit (7.S.L.):
conditich on a2n important process variable.

th2 input under the same cperating

for full range traverses.,’

the limit prescribted as a license

-
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3.3 Limit Relationships: The relationship hetween the nominal
varfous limiting valuves discussed are shown in Figure J.l.

setpoint and the
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4, QUALITY ASSURANCE PRGYISICNS

Sl

4,1 Tiis document has been reviewed in acg;
engineering design review procedures,

LV

wdance with the current GE-NED M 1
- 1
|

5. HAHDLING, SHIFPING AND STORAGE - HNotjapplicable.
6. RECCHMENDATIONS o : '

6.1 Ceneral: In order to provide a consistent and vcoeatable m2thod for
establisning inst:rument nominal trip setpoint énd technical specification limit
value recommendations ihe procedures described in the appendices have been developed.
Due to the general characteristics of the instrumentation and processes invoived
it has beea necessary to provide three (3) different methods. Thase three (3)
methods are based on computation, engineering judgment, and historical data. The
methods are to be applied independently. Hcwever, portions of the computational
* mathed may be incorporated into the cther two methods. Each of the metheds is
explained in a sedarate appendix. The methods: and associated appendix are as

f9110w§: ) . - ’ .
. - a. -Computational - Appérdi; 19 . . . L '

b. Engineering Judgment Appeadix 20 - - | :

c. Histérical Data - - Appendix 30 -

6.2 §peci¥}c Se.tnnint Recomrendations: Specific nominai trip setpoint and
technival spacificaticn st recormerdations along with the analytic limits are
delinecated in plant unique data sheets. X
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APPENDIX 10

10. M:THOO FOR ESTABLISHING TRIP SETPGINTS AND TECHNICAL SPECIFICATION LIMITS
BY COYPUTATION

10.1 Ceneral

10.1.1 When sufficient information 'is available regarding a dynamic process and the
associated instrumentation, it is possible to establish the nominal trip setpoint
¢nd technical specification limit values utilizing-the following procedure. This
frocedure does not atterpt to apply a rigorous statistical evaluation o7 the
instrumentation parameters. The analytic Timit is established through the use of
computational models which include combined margins for related instrumentation
parameters but do rot necessarily include separate rargins for each individual ‘
isstrument characteristic. Consequently, it is not pract1ca! to remove the instru-
'ant related margins ¥rom the modeis used to 2stablish the analytic limits. In
order to separately account ror instrumentation accuracy and calibration accuracy
it is .therefore necessary to in ;:Q uce redundancy into the technical spec1f1cat1on
11m1t estcg]1s""ents. ; )
10.1 2. ‘he different1a1 between the nominal tr*p setpoint value and the technical
spec1f1cat1on limit is established as the maximum drift permitted by the associated
nstrumentation sgecification. This dirferential allows for the maximem drift
between calibraticns without compromising the analytic limit since there will still
be sufficient margin to account for instrumentation and.calibration accuracies.

10.1.3 Once the rominal trip setpoint and technical specification limit values
have been estzblished using 10.2 below, they are checkad to insure they will not
recult in an unaccepteble Tevel of Licensing Event Reperts (LER) or trips due %o
nornal operatwona. transients. If the nominal trip setpoint and technical
specification limit values are not acceptable there are several alternatives
available. One alternative is to establish these values using a more rigorous
statistical evaluaticn and taking credit for instrument channei redundancies.
Another alternative is to replace the instrumentation design specification data
with actual oparational data and establish the nominal trip setpoint and technical
specification 1imit values based on tnis data,

10.7.4 It is recommended that the instrumentation parameters utilized in establish-
ing the nominal trip sotooints and technical specification limits be monitored
during operation. When surficient operatinnal data has been gathered, the neminal

, trip sotpoints and technica)l specification 1imits should be rﬂcomputed to improve

~ plant operational :mrgins and further minimize LERs.
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10.2 Procedure for Estahblishing Nominal Trip Setpoint and Technical
Specificazion Limit

10.2.1 Data :eouired: The following data is required to establish the ncminal
trip setpoint ana tecnnicai specification limit. .

. a, ‘Analytic Limit (A.L.).

b, Instrumentation accuracy.

c. Calibration accuracy.

d. laximum design instrumentation drift.

10.2.2 Technical Specification Limit

10.2.2,1 The tachnical specification limit (7.S.L.) is established so there is at
jeast a 0.8772 probability of providing the trip action before the process varfable
reaches the a2nalvtic limit in the case where the maximum drift has’occurred as
shown on Figure 10.1. The meximum drift being the instruneantation design maximum
drift (D). «

10.2.2.2 The instrum&ptatidﬁ parameters involved in establishing the tecanical

specitication limit are the instrumentation accuracy and-the calibration accuracy.

Instrumentation accuracy is the specified design accuracy and is assumed to
represent two standard deviations (2z,) of the instrumentation indicaticn at the
trip level o7 the process variable. o .. .
10.2.2.3 It is assumed-that the plant operator will calibrate the instrumentation
with an 2zcuracy equivalent to the dinstrumentation resolution. Tnis assumgtion is
necessary since specific data related to the piant cperators calibration procedures,
calibration equipment, and calibratior squipment meintenancz are not available. The
inst-umentaticn resolution is taken to represent one standard deviation (o) of the
instrumentation calibration at the tvip level o7 the process variable. The instru-
tentarion includes the sensor, signa] conditioning circuitry and trip unit.

12.2.2.4 . In order to obtain the desirad 0.9772 probability, for a ore sided normal
distribution, the technicai specification 1imit must te set two (2) standard devia-
tions from tha analytic limit. In this case the standard deviation is determined
as the'stdtistical combination of the instruaentation accuracy and the calibration

accuracy, if.e., v¥o,2 + 0g2. T.S.L. = AL, - 2 Y02 + cc2 , for process variables
that increase toward the A.L., or T.S.L, = A,L. + 2 vo,% + o;i , for process
variables that decrease toward the A.L, ’

10.2.2.5 ‘hen actual calibration accuracy, data bécones available *he technical

specificaticen limit can be adjustad using this procedure and tha new calibration
accuracy standard geviation, ,

«

»

s ma )y s,







0. @

-4

- mewa e tm ayw

le

. e ] ' P
£97 -~ :
GERERA L l* 3} ELECTRIC 2245261 s4.NO, 3
\ NUCLEAR ENERGY DIVISION
. nev, O
i
‘ &
. N ————d 2’ Oa +°c‘ ’.Q.—-—.
.Q---—l:'————-——---!,
PROCESS VARIASLE - T D
P— e —— S ———— P —— ,‘
* [4 * = . e
. . =3
v L e
IR N &b i
B = = o ot
== o2& pes
co [ et -SR]
- o = s — e
5o sage - 2E .
. =uv - -0 , K -
v FIGURE 10.1
L]
s
*y
» “"
. ;
» » » »




.
. . " e " o - » e _— an

se . . . O L L S . at .
. . [ J
v
"o . . - LR . .
.
. . .
. - ~
.
u
.
.

¢ =
’ M -~

GEHERAL ¢S ELECTHIC Caenseel w9 | .

NUCLEAR ENERGY GVISIOR

rev, 0 .

10.2.3 Henainal Trip Setpoint .

10.2.3.1 The nominal trip setpoint (N.T.S.) value {is establiched by the mazimum
design instrumentation drift (D). The nominal trip setpoint is offset from the
technical specification 1imit by an amount equal to the raximum design instrumenta-
tion drift exsected during the surveillancz test interval. As noted in the
establishment of tne technical specification limit this will provide an assurance
of required trip actions in :he case where the maximum drift has occurred.

. N.T.S. = T.S.L. - O, for process variables that increase toward the A.L., or
H.T.S. = T.S.L. + D, for process variables that decrease toward the A.L:

10.2.3.2 Actual observed drift will differ from plant to plant due to environzental |
factors, miintenznce proceduras and trip cetpoint surveillance. frequencies. Also,

<he actual observed drift characteristic ray include a statistically significant "
bias. Counsequently, as 2ctual drift data is accumulated, including confirned,

statistice1ly significant bias data, the ccminal trip setpoint can be adjusted 0

reflect tre insteumentation performance.

0.3 Onerational Transieat Trip Avoidance

10.3.1 In order to evaluate the impact of ‘the nominal trip setpcint value (Xs)

on plant availatility one of two simple tests can be appiied. These %asts are-

based on a distribution of difference calculaticn and are used here to evaluate the
probability of a trip occurring due to the spectrum of normal operating transients
or due to the limiting norral cperating transient when no safety constraints are
cempromised. The caiculaticns establish the probability of avoiding a trip under
safe conditions. Five (5) factors, not previously used, are utilized in these tests.
They 2re predicted extreme steady state oparating value for the variabie (X,), the
limiting pradicied norml operating transient, the standard ceviation asscciated
with the Timiting operating transient (v}, tue-required trip avoidance probability
during the limiting trensient and the value of the standard deviation (5q) associated
with the instrumentation darift. In the absence of actual observed drift data tre
standard deviation {cq) tor drirft is taken as one half of the maximum design
instrumentzticn drift (9). ‘ . . .

10.3.2 The test to evalvate the oparational transient trip avoidance associated
with the spactrum of ncrmal ‘coerating transients is based on the nonminal trip set-
point distribution and the cperaticnal process variabie distritution as shown in
FiG‘Jt“e 10020 . :
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10.3.2.1 The extreme steady state operating value (X,) is utilized as the mean of
the overational variable distribution and the predicted normal process variable
change of the limiting transient is taken as the standard deviation (ct) of the
opera;wona. process variable distributicn. Obviously, this is an overs1rp11f1ca-
ticn of the operational variabla distribution. However, if this test is successful
it will not be necessary to pertorm a more rlgorous test,

10.2.2.2 The setpoint distribution utilizes the noniral trip satpoint value (xs)
as a mean. The standard deviation (cj) is compuled as the statistical combination
ot the instrumentation drift standard deviation (o4), instrumentation accuracy
(ca) and calibration accuracy (o¢), f.e.,

= /c +o’-+od .
70.3.2.3 A one sided probabillty of trip avoidance based on a normal distribution
is obtained from e« standard textbook statistical takie vor areas under the standard
rnorsal curve, from -~ to Z, where Z = X/s, i.e., robability and Statistics for
Engineers, #iller and Freud, Prentice-Hall, Table III. For the cdelta distribution
.case, X. is the difference between the means of the two distributions. The delta
stendard deviation (c«) is the stat1st1ca1 corbination of the two dxstr1uut1on

standard deviations, i.e., . .
’ 2 4 2 - .. ) .
OA = Ot Ui . ) .,'ﬂ

Therefore, .

when Xy is greater than Xs , and

ZA = Sz C‘“ ’ .
(at + oy
when X, s less than X, The probability of trip avoidance is the normal -

distribution statistical ~ab1n value corresponding to Z, .
10.3.3 The test to eviluate the operational transient trip avbidance associated

with the limiting norral operating transient is based on the nominal trip setpoint
distribution and the distribution ¢f the limiting transient as shewn in Figure 10.3.
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10.3.2.1 The mean of the limiting operating transient distribution is taken a5
the exirame steady state operating vaiue (X,) plus, or minus as appropriate, the
magnitude of the limiting transient (T), i.e., Xv = X, + T, where the process
variable transient increases toward the analytic fimit ans Xp = Xq = T , where
the process variable decrease toward the analytic timit. The stangard deviation
ascociated with the limiting operating transient (sy) is tne value used for the
standard deviation to be associated with the distribution of Xy .

10.3.3.2 The setpoint distribution and standard devi&t%on'are to be established
2s stated in Paragraph.i0.3.2.2.

"10.3.3.3 Using the method of Paragraph 10.3.2,3 but substituting, Xy for X,

and ¢ for ot provides the probability of trip avoidance, i.e., ..

S S
7. = T S

(3 [ 2 +0.2 |
: . ) m T %
when Xg -is greater than X , and . .
e ' o Xsm Xy
ERY vy S :
\/Om +0’,-‘ . ..

when X, 1s less than X5 . MNote, the selec’ion of which eouativn is applied
depends on the relationship betweea X, and X, not on the relationsiip between
XT and X . . ~ g A

10.3.4 In the event an unsatisfactory trip avoidance probability has be2n obt3yired
a more rigorous definiticn ¢ the operational process variable distribution must
be established or the nomisal trip setpoint value can be adjusted based cn engineer-
ing judgment to reduce the interval betw2en it and the tuchnical specification
limit, The alte€rnative chosa will depend on the value of the trip avoidance
probability, the function of the trip sigral, and an evaluation of the unique plant
operating requirements. A ricorous definition of the opersticnal process variable
distributich should be based on the normnal steady state operating vatlue of the
process variable-as the mean rather than the maximum steady~stite opecating value,
The standard deviation should be computed in a statistica: ianner using the norma)l
operating transient frequency data rather than relying cniy on the limiting normal
oprirating transient, 'and instrumentation redundancy and trip logic shouild be
includad in cetermining the nominal trip setpoint statistical dictribution. Yhen
considering the trip logic'the following expressions should be used to comaute

the probabilities of trip and trip avoidance.

10.3.4.i Probability of {rip aveidance = 1 - prababiiity of trip,
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' 16.4 Licensing Event Report Avoidance

o

10.3.4:2 Probability of trip, single wiisnnel R. v

10.3.4.3 Probability of trip for one out of two taken tuice logic = P2 (2 - P)2,’
10.3.4.4 Probability of trip for two out of three logic = 3P2,

10.3.4.5 Probability of trip fo% two out cf four logic =7P2 (3?2 - 8P + 6).

10.3.4.6 Probability of trip for one out of four logic = 1 - (1 - P)*.

10.4.1 The probability of avoiding a LER due to instrumentation drift is deter-.
mined by the associated standard deviatiicn (oj) of the indicaticn of the process
variable. An LER avoidance probability of at least 0.5000 is recommended. This
probability is obtained using & statistical table fer areas under the standard
normal curve, frem -~ to Z, where Z = X/c , 1.e., text refe-enced in Paragraph
10.3.2.3. In this case, the value used for X 1is the positive difference between
the nominal setpoint value and the techniczal specificaticn limit, i.e., the maximum
design instrumentztion drift (D) as shown in Figure 10.2. The standard deviaticn
valus used is the statistical comdbination of the instrumentatien drift standard
deviation (og) , instrumentation accuracy (o;) , 2nd catibration accuracy (cc) s |

feeey oy = #GAZ +9.2 +'cg? . The probability of avoiding LER is the normal . 1
distribution statistical table value corresponding to Z . - : ' ‘

10.4.2 iIn the event an avoidance probability of less than 0.5C00 has been votained
one alternative is to increase the differential between ithe nominal setpoint value
and the technical specification limit. Such &n adjustrent must be based on
engineering judgmeat or, actual operaticnal drift data.

.
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"APPENDIX 20

20, METHOD FCR ESTASLISHING TRIP SETPOINTS AND TECHNICAL SPECIFICATION LIMITS
BY ENGINEEKING JUDGMENT .

20.1 General

20.1.1 ¥hen it is not practical’io apply the technique outlined in Appendix 10

or vhen the available data is so conservative as to result in unacceptable operating
restrictions, or when the lead System Engineer considers it appropriata, engineering
judgment should be used to establish the nominal trip retpoint and technical
specificaticn limit vaiuas. 1In orger to establish a consistent patitern for the
appiicaticn of engineering judgment suggested guidelines are delineatec below.

20.1.2 The guidelires suggested are those of the zone setting concept. A two
zone concept is suggested aere as adequate to establish the nominal trip setpoint
and tecanical ssecification limit values. The zones are a range vithin which the
trip value s acequate for its intended function but must be repcrtad as having
compromised the applicabie technical specification value.

20.1,3. Zone concepts erplosing more than two zones have previgusiy been associzted
with the establishment of instrumentation setpoints. In particular, zones related
to estudlishing when recalibration is, or is aot, necessary, are common, i.e.,
leave alone zone. Since specification of the recalibration limit is not includaa

in this document these additional zones ‘are not addressed. However, the recalivra-

tion limiter (leave aione zoae) is an important operaticnal consideration aud
should be estzblished, within the acceptable trip.valuve zones, baczd on the unique
plant orerating reguirements., -

20.2 Accenteble Trip Value Zoie: The arceptable trip value zone is a partion of
the instirumantaticn trip rance which will have as it's midpoint the nominai trip
setpoint, and as it's extrem2 he technical specificaticn limit. Figure 20.1 is

a representation cf the trip value and zone relaticnship.. The acceptatie trip ,
value zcne should be wice enough to allow for normal instrumentation drift durirg
syrveillance intervals.

éO.3-’Licensinc Evani{ Report

20.3.1 The LER zcne is the portion of the instrumentation trip range beyond the
technical specification limit. An LER will be required when the trip value is
found within this zone, . .

20.3.2 The LER zone shcuid be established so that whern the maximum expected drift
has cceurred sufficient margin remains beween the technical spzcitication limit
and anclytic 1imits to comensate for iastrumertation and calibration accuracies.
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