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0 Increased radiation exposure due to maintenance on the bypas, 1ine and
to crud traps which increase radiation exposure throughout the l00p
compartments.

The proposed temperature measurement modification has been developed in
response to both sets of problems encountered in the past. Specifically:

o Removal of the bypass lines eliminates the components which have been
a major source of plant outages as well as Occupational Radiation
Exposure (ORE).

© Three thermowe:i mounted hot leg RTDs provide an average measurement
(equivalent to the temperature measured by the bypass system) to
account for temperature streaming.

o Use of thermowells permits RTD replacement without draining the
reactor coolant loops.

Fellowing 1s a detailed description of the effort required to perform this
modification.

1.2 MECHANICAL MODIFICATIONS

The individual loop temperature signals required for input to the Reactor
Controi and Protection System will be obtained using RTDs installed in each
reactor coolant loop.

1.2.1 Hot Leg

a) The hot leg temperature measurement on each loop will be accomplished with
three fast response, narrow range, dual element RTDs mounted in
thermowells. One element of the RTD will be considered active and the
other element will be held in reserve as a spare. To accomplish the
sampling function of the RTD bypass manifold system and minimize the need
for additional hot leg piping penetrations, the thermowelis will be

0802D:10/082290 2
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1.3.2 Qualification

The 7300 Process System Electronics modifications will be qualified to the
same level as the existing 7300 electronics. RTD qualification will be
verified to support APCO's compliance to 10CFR50.49.

The Westinghouse qualification program entailed a review of the KEED
Instrument Company's qualification documentation for testing performed on
these RTDs. It was concluded that the equipment's qualification was in
compliance with IEEE Standards 344-1975 and 323-1974 with one exception.
Specifically, requirements relative to flow induced vibration were not
addressed. To demonstrate that flow induced vibration would not result in
significant aging mechanisms that could cause common mode concerns during a
seismic event, Westinghouse performed flow induced vibration tests followed by
pipe vibration aging and a simulated seismic event. These tests confirmed
that the WEED RTDs do comply with the above IEEE standards.

1.3.3 RID Operability Indication

Existing control board AT and Tavg indicators and aiarms will provide the
means o/ identifying RTD failures, although the now redundant indication for
the Tavg and AT control signals will be removed. The spare cold leg RTD
element provides sufficient spare capacity to accommodate a single cold leg
RTD failure per loop. Failure of a hot leg RTD can be handled in two ways.

The first method disconnects the failed element and utilizes the second
element of the same RTD. In the second, manual action initiated by the
operator defeats the failed signal and rescales the electronics to average the
remaining signals.

08020:1D/082290 5
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Figure 1.2-1

Hot Leg RTD Scoop Modification
for Fast Response RTD Installation




Figure 1.2-2 Cold Leg Pipe Nozzle Modification
for Fat Response RTD Installation
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Figure 1.2-4

Crossover Leg Cap Installation
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Figure 1.3-3 RTD Bypass Elimination
Control System Schematic

12




2.0 TESTING

There are two specific types of tests which are performed to support the
installation of the thermowell mounted fast-response RTDs in the reactor
coolant piping: RTD response time tests and a hot leg temperature streaming
test. The response time for the Farley Units 1 & 2 application will be
verified by testing at the RTD manufacturer and by in-situ testing. Data from
thermowe11/RTD performance tests at operating plants provide additional
support for the system by confirmation of RTD/thermoweil response times and by
confirmation of the magnitude of temperature streaming.

2.1 RESPONSE TIME TEST

The RTD manufacturer, WEED Instruments Inc., will perform time response
testing of each RTD and thermowell prior to installation at the Farley Units |
& 2. These RTD/thermowells must exhibit a response time bounded by the values
shown in Table 2.1=1. The revised response time has been factored into the
transient analyses discussed in Section 4.0.

In addition, response time testing of the WEED RTDs will be performed
in-situ. This testing will demonstrate that the WEED RTDs can satisfy the
response time requirement when installed in the plant.

2.2 STREAMING TEST

Past testing at Westinghouse PWRs has established that temperature
stratification exists in the hot leg pipe with a temperature gradient from
minimum to maximum of [ ]b.c.e_ A test program was implemented at
an operating plant to confirm the temperature streaming magnitude and
stability with measurements of the RTD bypass branch line temperatures on two
adjacent hot leg pipes. Specifically, it was intended to determine the
magnitude of the differences between branch line temperatures, confirm the
short-*erm and long-term stability of the temperature streaming patterns and
evaluate the impact on the indicated temperzture if only 2 of the 3 branch
1ine temperatures are used to determine an average temperature. This plant
specific data 1s used in conjunction with data taken from other Westinghouse
designed plants to determine an appropriate temperature error for use in the

08020:10/082290 13
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leg temperature measurement 1s 1imited to [ Jb'c". On the other
hand, imbalanced scoop flows can introduce temperature measurement
uncertainties of up to
[

13 In all cases, the scoop
flow imbalance uncertainty will equal or exceed the [ ]b‘c.e sampling
uncerta‘nty for the thermowell RTDs, so the new measurement system tends to be

a more accurate measurement with respect to streaming uncertainties.

Temperature streaming measuraments have been obtained from tests at 2, 3 and
4-100p plants and from thermowell N7D installations at 4-loop plants.
Although there have been some difforences ovserved in the orientation of the
individual loop temperature distributions from plant to plant, the magnitude
of the differences have been

(
]b.c.e.'

Over the testing and operating periods, there were only minor variations of
less than [ ]b.c.e in the temperature differentials between scoops, and
smaller variations in the average value of the temperature differentials.

{

]b.C.Q.

Provisions were made in the RTD electronics for operation with only two aot
leg RTDs in service. The two-RTD measurement will be biased to corract for
the difference compared with the three-RTD average. Based on test data, the
bias value would be expected to range between [ ]b.c.e‘ Data
comparisons show that the magnitude of this bias varied less than [

]b.c.e over the test period. In addition, the uncertainty calculaticns
assumed that two Thot RTD's were utilized to determine Tnot' Appenaix A
provides a procedure for utilizing the actual plant bias data. Note that this
procedure only allows the use of positive (or zero) bias values.

08020:10/082290 18









TABLE 3.1.2

FLOW CALORIMETRIC INSTRUMENTATION UNCERTAINTIES

(% SPAN)  FW YEMP FW FRES FW DP  STM PRESS TH TC PRZ FRESS
+4,C

—
SCA
SMTEw
SPE
STE »
SO «
RIE =
RDOT
BIAS«

CSA «

S— —

NO. OF INST USED 3 ] 2

DEG F PSIA % 0P PSIA DEG F DEG F PSIA

INST SPAN « 500 2000 120 1200 120 120 800
#4,C

INST UNC. — -
(RANDOM) =
INST UNC.

(BIAS) =
N A .

OMINAL E l

These calculacions were performed assuming that
il

08020:10/082290 21



TABIE 3,13

FLOW CALORIME 'RIC SENSITIVITIES

FEEOWATER FLOW

Fa -

TEMPERATURE
MATERTAL

DENSITY
TEMPERATURE
PRESSURE

DELTA P .

FEEDWATER ENTHALPY

TEMPERATURE .
PRESSURE

hS$ 1199.9
hF « 416.4
Dh(SG} -« 783.5

STEAM ENTHALPY

PRESSURE .
MOISTURE .

HOT LEG ENTHALPY
TEMPERATURE .-
PRESSURE o

hH « 629.7
hC = 538.6
Dh(VESS) « 91,1
Cp(T1 ) « 1,495

COLD LEG ENTHALPY

TEMPERATURE -
PRESSURE .

Cp(TC) « 1.227
COLD LEG SPECIFIC VOLUME

TEMPERATURE -
PRESSURE .

08020:10/082290
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BTU/LBM
BTU/LBM
BTU/LBM

BTU/LEM
BTU/LBM
BTU/LBM
BTU/LBM-DEGF

J»&.C

BTU/LBM-DEGF

+a,C

]

22
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TABLE 3.1-4

CALORIMETRIC RCS FLOW MEASUREMENT UNCERTAINTIES

COMPONENT INSTRUMENT ERROR  FLOW UNCERTAINTY
(% FLOW)

ol w—— 8, C
FEEDWATER FLOW
VENTUR]
THERMAL EXPANSION COEFFICIENT
TEMPERATURE
MATERIAL
DENSITY
TEMPERATURE
PRESSURE

DELTA P

FEEDUATER ENTHALPY
TEMPERATURE
PRESSURE

STEAM ENTHALPY
PRESSURE
MOISTURE

NET PUMP HEAT ADDITION

HOT LEG ENTHALPY
TEMPERATURE
STREAMING, RANDOM
STREAMING, SYSTEMATIC
PRESSURE

COLD LEG ENTHALPY
TEMPERATURE
PRESSURE

COLD LEG SPECIFIC VOLUME
TEMPERATURE
PRESSURE

08020:10/082290 23




TABLE 3.1-4 (continued)

CALORIMETRIC RCS FLOW MEASUREMENT UNCERTAINTIES

BIAS VALUES el ac
FEEDWATER PRESSURE DENSITY
ENTHALPY
STEAM PRESSURE ENTHALPY

PRESSURIZER PRESSURE ENTHALPY « HOT LEG
NTHALPY - COLD LEG
SPECIFIC VOLUME - COLD LEG
FLOW BIAS TOTAL VALUE

¢, 4 o¢ INDICATE SETS OF DE"NDENT PARAMETERS .
SINGLE LOOP UNCERTAINTY (WITHOUT BIAS VALUES)

N LOOP UNCERTAINTY  (WITHOUT BIAS VALUES)

N LOOP UNCERTAINTY  (WITH SIAS VALUES) - -

08020:10/082290 24



TABLE 3.1-5
OVERTEMPERATURE DELTA-T TRIP
DELTA-T Tavg PRESS DELTA-]
PMA & po

+8,(

SCA =
SMTE
STE »
D =
BIAS »
RCA =
RMTE =
RMTE =
RCSA =
RTE =
RD =
SA = e ._J
NO. OF RTD USED ™ w2 € e

INSTRUMENT SPAN 102.3 DEGF

SAFETY ANALYSIS LIMIT (SAL) [: ]“'c

ALLOWABLE VALUE 2.60% DELTA-T SPAN

NOMINAL SETPOINTS KI = 1.1800 K3 « 0.000636
VESSEL DELTA-T 68.2 DEGF  DELTA-1 GAIN « 1.75

[; :] +a,C

+a,C +4,C
z.," S B

PRESSURE GAIN

+8,C

ERVESR

0802D:10/012391 25
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TABLE 3.1-8
COLD LEG ELBOW TAP FLOW UNCERTAINTY
INSTRUMENT UNCERTAINTIES

+4,C
% DP SPAN % FLOW

PMA e
PEA =
SCA =
SPE =
STE »
S0 =
RCA =
RMTE «
RTE =
RD =
I .
A/D o
RDOT =
FLOW CALORIM, BIAS =
FLOW CALORIMETRIC =
INSTRUMENT SPAN  « L. .

SINGLE LOOP ELBOW TAP FLOW UNC = " FLow
N LOOP ELBOW TAP FLOW UNC -

N LOOP RCS FLOW UNCERTAINTY - +8,¢
{WITH BIAS VALUES)

08020:,0/082290 28



TABLE 3.1-9
LOW FLOW REACTOR TRIP
INSTRUMENT UNCERTAINTIES

+8,C
% DP SPAN % FLOW SPAN

At o« [ 3
PMAZ =
PEA w
SCA
SPE
STE =
S
BIASFa
BIAS )
BIASZ
RCA =
RMTE
RCSA
RTE =
RD »
BIAS « L -
FLOW SPAN « 120.0 % FLOW
SAFETY ANALYSIS LIMIT » [ )
ALLOWABLE VALUE = 86.5% FLOW

NOMIKAL TRIP SETPOINT = 90.0 % FLOW

+a,C +4,C +a,C
? [ ] b ' ]
TA = CSA = MAR =

+a,C

08020:1D/082290 29



TABLE 3.1-10
TECHNICAL SPECIFICATION MODIFICATIONS

Overtemperature AT

K;, = 1.8

l « 4,76

S » 1.47(87) «+ 0.64(pressure)
Allowable Value ¢ 2.6% AT span
Response Time ¢ 6 sec

Al penalty . 1.75%

Overpower AT
l « 1.10
S « 1.47
Allowable Value ¢ 2.9% AT span

Loss of Flow

1 « 1.7
S « 0,60
Allowable Value » 88.5% of Loop Design Flow

DNB Parameters

RCS Tavg = 581.5°F
RCS Total Flow Rate » 267,400 gpm

Tavg Low-Low
Aliowable Valve = 540°F

P-12 < 547°F (Increasing)
> 540°F (Decreasing)

*Includes appronimately 1.5% TOF Reduction and 2.2% Increase for Uncertainty.

08020:10/012391 30
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4.0 SAFETY EVALUATION

The primary impact of the RTD Bypass Climination on the FSAR Chapter 15
(Reference 1) safety analyses are the differences in response time
characteristics and instrumentation uncertainties associated with the fast
response thermowell RTD system. The effects of these differences are
discussed in the following sections.

4.1 RESPONSE TIME

The response time parameters of the J. M. Farley Nuc'ear Plant Units ) & 2 RTD
Bypass System assumed in the safety analyses are shown in Table 2.i-1. For
the fast response thermowell RTD system, the overall response time will
consist of [

18+€ (as presented 1n Section 2.1 and as given in Table 2.1-1),

The new thermowell mounted RTDs have a response time equal to or faster than
the maximum allowed time for the cld bypass piping transport, therma! lag and
direct ifmmersion RTD. This response time is factored into the Overtemoerature
AT trip performance. Therefore, those transients that rely on the above
mentioned trip must be evaluated for the modified response characteristics,
Section 4.3 includes a discussion of the evaluations performed for thece
events.

4.2 RTD UNCERTAINTY

The proposed fast response thermowell RTD system will make use of RTDs,
manufactured by Weed Instruments Inc., with a total uncertainty of [
1%+ ascumed for the analyses.

The FSAR analyses make explicit allowances for instrumentation errors for some
of the reactor protection system setpoints. In addition, allowances are rade
for the average reactor coolant system (RCS) temperature, pressure and poer.
These =)lowances are explicitly applied to the initial conditions for the
transients.

06020:10/100990 3



The following protection and control system parameters were evaiuated (with
respect to accident analysis assumptions) for the change from one hot leg RTD
to three hot leg RTDs: the Overtemperature AT (OTAT), Overpower A&7

(OPAT), and Low RCS Flow reactor trip functions; RCS loop T"g

measurements used for input to the rod control system, steam dump system,
feedwater isolation, steam 1ine isolation, safety injection; and the
calculated value of the RCS flow uncertainty. System uncertainty calculations
wore performed for these parameters to determine the impact of the change in
the number of hot leg RTDs. The results of these calculations, noted in 3.3,
indicate sutiisient margin exists to account for known instrument
uncertainties for all of the above except the rod control system accuracies
and the low RCS flow reactor trip. Therefore, these items are addressed in
Section 4.3.1 and 4.3.2.

4.3 NON-LOCA EVALUATION

As discussed in WCAP-12659 (Reference 7) and WCAP-12694 (Reference 8), the
evaluations presented in this section have conservatively considered an
operating configuration of 15% average steam generator tube pluggirg, with a
maximum plugging level in one steam generator of 20% and with an analyzed
minimum average therma! design flow of 87200 gpm/loop. The evaluation results
are applicable to this level of tube plugging or any lower level.

The RTD response time discussed in Section 2.1 and the instrumentation
uncertainties calculated in Section 3.3 have been considered for the J. M.
Farley Nuclear Plant non-LOCA safety analysis design basis. Only those
transients »hich assume OTAT protection are potentially affected by changes

in the RTD respon e time. As noted in Section 4.1, the new thermowel! mounted
RTDs have a res~~1se time equal to or better than the old bypass piping
transport, thermal lag and direct immersion RTD. On the basis of the
information documented in Table 2.1-1, it is concluded that the safety
analysis assumption for total OTAT channel response time of 6.0 seconds
remains valid. Evaluation of the effects of the RTD Bypass Elimination on the
uncertainties associated with these setpoints supports the continuing validity
of the non-LOCA safety analyses (References 1, 7 and 8).

08020:10/100990 32






For transients analyzed to confirm that the DNB design basis 1s met, generic
plant DNB margin has been allocated to offset the ONB penalty of the
additional 0.3°F in the initia) Tavg. Therefore, the conclusions of the
following DNB transients remain valigd:

Uncontrolled RCCA Bank Withdrawal at Power (FSAR Section 15.2.2)

RCCA Misalignment (15.2.3)

Partia’® Loss of Forced Reactor Coolant Flow (15.2.5, and the new analysis
presented in References 7 and 8)

Startup of an Inactive Reactor Coolant Loop (15.2.6)

Loss of External Electrical Load (15.2.7)

Excessive Heat Removal Due to Feedwater System Malfunctions (15.2.10)

Excessive Load Increase Incident (15.2.11)

Accidental Depressurization of the 8CS (15.2.12)

Inadvertent Operation of ECCS During Power Operation (15.2.14)

Complete Loss of Forced Reactor Coolant Flow (15.3.4)
A number of non-LOCA transients are analyzed to demonstrate acceptability for
criteria other than DNB. A discussion of the effects of increasing the Tavg
uncertainty by 0.3°F for these transients follows.
Uncontrolled Boron Dilution (15.2.4)
The boron dilution event 1s an uncontrolled addition of unborated reactor
makeup water into the RCS via tne Chemical and Volume Control System. The

boron dilution event is analyzed to demonstrate that, prior to total loss of
shutdown margin, there is sufficient operator action time available to

08020:10/0822%0 34




R a— R ———

recognize the event and terminate the dilution. The increased temperature
uncertainty does not change the critical parameters assuver in the analysis:
the maximum dilution rate, RC3 boron concentrations, or the dilution volume
for any of the operational mcdes. Therefore, the current boron dilution
analysis and the evaluation of this event in References 7 and 8 remain valid.

Loss of Externa) Electrical Load (15.2.7)

The loss of external electrical load 15 a complete loss of steam load from
full power without a direct reactor trip. Four cases are analyzed which are
based on two different primary side pressure control strategies (automatic and
no mitigating control) and two sets of core physics characteristics (minimum
and maximum reactivity feedback). The key acceptance criteria for this
transient besides ONB are primary and secondary pressures remaining below 110%
of design. The RCS design pressure is 2485 psig (2500 psta) and the steam
generator design pressure 1s 1085 psig (1100 psia). As shown in FSAR Figures
15.2-19 through 15.2-26, the peak pressurizer pressure for all of the cases
all remains below 110% of RCS Design Pressure. The peak calculated RCS and
secondary side pressures are not sensitive to the initial temperature

assumed. Considering the temperature increase 1s only 0.3°F and given the
margin in the current analysis, 1t 1 concluded that the increase in
temperature uncertainty will not change the conclusions of the FSAR or the
conclusions of References 7 and 8.

Loss of Normal Feedwater (15.2.8)

The loss of normal feedwater 1s the simultaneous loss of feedwater flow to all
three steam generators. The FSAR analysis assumes that the reactor coolant
pumps coastdown due to an assumed loss of offsite power. As stated in the
FSAR, this event is analyzed to demonstrate that the pressurizer does not
become water solid during the transient. The analysis assumes a power level
corresponding to the 102% of the engineered safeguards power rating (a
conservative assumption because Farley Units 1 and 2 are not licensed to
operate at engineered safeguard power). The inftial Tavg is assumed to be the
engineered safeguards Tavg minus 4°F. The temperature uncertainty is
subtracted from the nominal Tavg for this analysis because a lower temperature

08020:10/082290 35
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Major Rupture of a Main Feedwater Pipe (15.4.2.2)

The rupture of & main feedwater pipe 15 a break in the feedwater pipe large
enough to prevent the addition of feedwater to the steam generators. There
are two cases for feedline break presented in the FSAR. The primary
scceptance criterion in the FSAR 1s that the core remains covered. Case A was
analyzed assuming the inftia) temperature was 6.5°F above the engineered
safeguards Tavg. Therefore, the current analysis bounds the increase in Tavg
uncertainty.

Case B assumed that the initial temperature was 4°F above the engineered
safeguards Tavg. This analysis 1s performed at 102% engineered safeguards
power with an ANS 1971 decay heat model. The plant is not licensed to operate
at engineered safeguard power and the results would be less 1imiting using an
ANS 1979 decay heat model. Taking credit for the conservative power level
assumption and the 1979 decay heat medel, it 1s concluded that the FSAR
conclusions remain valid (1.e. a feedline break at the licensed plant power
level will have acceptable results) for the increase of 0.3°F in Tavg
uncertainty.

In addition, this transient was analyzed for the steam generator tube plugging
program. As discussed in Reference 7 and Reference 8, the analysis assumed a
Tavg uncertainty of 6°F. This provides a bounding analysis for a Tavg
uncertainty of 4.3°F, Therefore, the analysis described in References 7 and 8
is not affected by this increase in Tavg uncertainty.

Single Reactor Coolant Pump Locked Rotor (15.4.4)
This transient was reanalyzed to demonstrate acceptable results with a lower
analysis value for the low reactor coolant loop flow setpoint. The increased

uncertainty in Tavg was explicitly modeled in the analysis. Refer to
subsection 4.3.2.

RCCA Ejection (15.4.6)

The RCCA ejection event is defined as the mechanical fatlure of a contrel rod
drive mechanism pressure housing resulting in the ejection of a RCCA and drive
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4.3.2 CONCLUSION

The effects of the increase in Tavg uncertainty have been evaluated for al) of
the non-LOCA transients, The zero power transients are not affected by the
change. The DNB related transients have been shown to be acceptable by using
existing DNB margin. The preceding discussions for the remaining transients
demonstrate that the ctontlusions of the FSAR and References 7 and 8 remain
valid, and the steamline break mass and energy release dats remains applicable
for the Farley units.

4.3.3 EVALUATION OF THE LOSS OF FLOW REACTOR TRIP SETPOINT

The uncertainty for the loss of flow trip has increased with the RTD bypass
eliminaticn. 1In order to maintain the same Technical Specification trip
setpoint, a lower analysis value was required. The current analysis value is
87% of nominal loop flow. The revised analysis value 1s 85% of nominal loop
flow. Two transients rely on the low 1oop flow reactor trip; partial loss of
flow and locked rotor. A discussion of the analysis performed for these
transients follows.

Partial Loss of Forced Reactor Coolant Flow (15.2.5)

This analysis was performed similar to the analysis presented in the FSAR,
Because Farley Units 1| and 2 are not licensed to operate at power with only
two reactor coolant pumps in operation, a partial loss of flow with three
reactor coolant pumps initially operating was analyzed. hree digita’
tomputer codes were used in the analysis. The LOFTRAN code (Reference 3) was
used to calculate the fiow coastdown, RCS transient conditions, the nuclear
power transient, and the reactor trip on low loop flow. The FACTRAN code
(Reference 4) was used to calculate the heat flux transient based on the
nuclear power and flow data from LOFTRAN. Finally, the THINC code (described
in Section 4.4 of the FSAR) was used to calculate the minimum DNBR curing the
transient based on the heat flux from FACTRAN and the fiow from LOFTRAN,

Conservative initial conditions were assumed which included a 5.5°F
uncertainty for Yavg. The low flow trip setpoint was assumed to be 85% of
nominal flow. The effects of increased steam generator tube plugging were
also modeled in the analysis (References 7 and 8).
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APPENDIX A

DEFINITION OF AN OPERABLE CHANNEL AND
HOT LEG RTD FAILURE COMPENSATION PROCEDURE
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RTD BYPASS ELIMINATION

FOR

J. M. FARLEY NUCLEAR PLANT
UNITS 1 AND 2

DEFINITION OF AN OPERABLE CHANNEL AND
HOT LEG RTD FAILURE COMPENSATION PROCEDURE

This document contains information proprietary to
Westinghouse tlectric Corporation; it is submitted in
confidence and is to be used solely for the purpose
for which 1t is furnished and returned upon request.
This document and such information is not to be
reproduced, transmitted, disclosed or used otherwise
in whole or in part without the written authorization
of Westinghouse Electric Corporation.

Westinghcuse Electric Corporation
Pittsburgh, PA
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DEEINITION OF AN OPERABLE CHANNEL

The RTD Bypass Elimination modification uzes the average of 3 RTDs in each hot
leg to provide a representative temperature measurement. In the event one or
more of the RTDs fails, steps must be taken to compensate for the loss of that
RTD's input to the averaging function. J. M. Farley Nuclear Plant (FNP) will
have dual ¢lement RTDs installed in each hot leg thermowell location. The
second element may be used when the first element fails and the three RTD
average maintained. 1In the event of the second element failing in the same
RTD, then this procedure could be invoked.

Single RTD Failure

Hot Leg: A1l three hot leg RTDs must be operable during the period following
refueling from cold to hot zero power and from hot zero power to full power.
During the heat up period the plant operators will be [

%% Typically this data is recorded at initial 100% power
and, thereafter, during the normal protection channel surveillance interval.
Once [ Jhse any hot leg can then
tolerate failure of both elements of a single dual element RTD and still
remain operable. If the situation arises where such a fatlure occurs a bias
value muct be applied to the average of the remaining two valid RTDs.

(
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The plant may operate with a failed hot leg RTD at any power level during that
same fuel cycle. 1t is permissibie to shutdown and startup during the cycle
without requiring that the failed RTD be replaced.

(
RLIE

The Median Signal Selector will eliminate any control system concerns, the
Tavg and AT signa) associcted with the loop containing the failed hot leg

RTD will most 1ikely not be the Median Signal chosen as the input to the
control systems. If another hot leg RTD fails in a different loop the FNP
should operate using manual control. Manual Rod Control 1s recommended so
that the operator can control the plant based on the best measurement
available. If automa! - operation is continued the control system may choose
the biased channel due to the positive (or 2ero) bia: application. This means
the control system will perceive a higher Tavg than actually exists at reduced
power and the plant will operate at reduced temperatures. While this is not
necessarily undesirable 1t does reduce the total plant megawatt output. The
use of automatic rod control should be considered based on utility power
requirements.

Cold Leg: If the active cold leg RTD fails, then that RTD should be
disconnected from the 7300 cabinets. The dual element spare RTD should then
be connected in the fafiled RTD's place.

Rouble RTD Failure: Inoperable Channel

Hot Leg or Cold Leg: If both elements of two or more of the three hot leg
dual element RTDs or the cold leg dual elements RTD elements fail in the same
protection channel then that chanrel is considered inoperable and should be
placed in trip. Operation with only one valid hot leg RTD is not presently
analyzed as part of the licensing basis.

0802D:1D/082290 53



A . Sk keee - vy b A N ENT DTR AT OF CEDVTAE

PF £ _FOR OPERATION WITH A HOT LEG DUAL ELEMENT RTD OL
Y 1 ”~ -, i s > 2 u oA ~ P oy - r
The hot leg temperature SuU ¢ obtained by averaging the measuremer
from the three thermowell RTDs {nstalled on the hot leg of
’
In the event that ong f the three Ué eiement Ds fai , the fé ed KIL
wi disconnected and the hot 12g temperature measurement w be obtair
Dy ¢ aging the remaining two RTO me rement

A
T e | ¢ » . ” "N o, -
he bias adjustment corrects for
it 0 ure that the
~ ] - s + v ns 4 - - - ~ [ o
measu hot leg temperature 1s maintained at Or above ve t 1eg
) . ! ne 2 . e + N ~ r
temperature, ar thereby avoid a requctior n safety margin at reduce
{
. a,
{ { 4 *










= 1L
]a‘ |||I el
e
i” s i
bt 0 [ :
¥ e
L'Lu“ HEER —J'ﬁtw = ;

| e
e e

J |v_vHH|‘-| NI j‘ . ' _:-'-',4 g _ ,';,,'j!_u“‘
r: _V_'f‘»r" “'_wtj Ties [;_'w y e LR
.f—| -LJ_ i :m_ i
oy HHF'| '1‘_”'1 .-.' -
—1L'- tr ke i
BRIEOE B J,_;‘_

HLW.‘.

: JI.I--_-_” I‘..If. AT
L =] '|||_
. ‘.." R LR
i | 1""—‘I MI.H“: e H.J' o
-.‘—-Jluu—" 11} |L|_l | N

B ' l| ll:l Ll E i !
) JIIJL:T,[' ?."l| il \;—'l..“. e e : : g L
N[I'I' LJ. e "‘11 : g Lt |".‘.u' 4
II I L B ) - & }
‘ 'L 1 e i

13 s

—‘|
'wu.J .ﬁj,?'w
o

i (e -w ==

I'H ““\1 e

IIIUIIl'I II JI'

I\'II ) I
D o oy 5 l‘m'!'l LRI
'.'{.w\ u'.:-’.l...a ] ' 1o
2 . B (i
ot

. - I_I I | I|” -
b S I e e AR X . .

X LW ; = |i=|.'.. il ol
S e
; jr R A PR A
Fet e e i
i_.‘_‘ﬂ! i J,}'ﬁ“ 'H.} '_ .

.':H."i’ : Hv.w' TR - -.'r._l"
LJLI ULr IMIII" Vit IR £ ¥ ' i, e “\i' S
: T I:' n S " ' ' dm B0 1 i rI .I':\'I'\ S NS I._
P i h“lt 3 Ar e N - .'1 e el e :
i ﬂ'wf'y Tr ‘%%ﬁh ot “ !‘ \1 Ll L_"‘l‘“‘“""|:" ) ‘:r'j;l ' If“ll‘ -i_IL;h I.;- i
K = it 0 PR A 0 SRS ; Ilrl ‘ -Iui..::uf |
N II. Ak ! #Jrﬁ‘i. ‘ L : “LI 1‘ .J HHE 5 ‘Irlll _+I PO il - "’H‘ '| 'Jrl N N5 v 1“”““' 1 "{q
i “I:ﬂi DH‘ I ‘IH J.l{nl'i banl ’”“U ”J“ AT Rl s ]' )
X |E!“-. - w."-‘
B oo ¥

. I.l

A
) =1y | o ™ |
! i R ! 'J | A s . ’IEIL S
L _‘ JIJ B L L S !
l'\r T Jrh. il w|'|\|,,j'l LRLE L Ir‘ N t\[
o ': 5 ", B “-qu I'I Tk S 3
__ _|. | |1||_||“-‘. ._—‘: | '—'lu‘r\l— I_\I|I N‘L |F_ 'i‘:y”\ “‘l‘h'”rb'b“‘ 1= I
il =i 1 I"' = -1 ’ ,IIIJ . 'I' ||,|I 'T“' .Hl'.‘ r - u n_
ml &t AU R T it

! A
' = ) ,wl R |
SR '|."| SC o e w.l._‘illel:pl,[," : At T o _‘ L 'JL Ih .4_; -l
: |_,r] |H"fﬂ' ""L_. -."\": R g s _" = |L AR 1'.“
{ - ,lr I“i‘ H_: .I_I_.' » IIIhIJ'JI l"I‘!I s 5 K : AL
.‘.| ik 4 i A v Al g .

=0 AT

1 g e Ny

I.II ‘In \0‘|‘-|' LIJI"‘ 'I._‘tl .—I‘_||- '.1'.__| -I.‘I [‘. WL nJII:\,L\. Ji o .

B i FEe Uil sy B oK e St .‘
; df’J H’ ) ‘1!" Bl \- ) L:-' 'L"‘ S Vil i’ '
pU - et e ] Bl ' =

«.L L w‘h\‘

e, T 1 |‘,|It it 'u—\J
=

el P
.I‘h“:{ R [d e
Rl 2

ki

i
Gy | .~:.|...i. L2 Th A
N ‘l'.-q"‘rll"L:— BT T

g
‘Eu iy

I

il E”'l L
'1‘|-1'“‘[ Rt l'H“‘ ‘,’..,I ..“7 I| }.4 o

L '-; i ||| Lli
i ||I fHH_,i a bt
T o fishe e el ..H1 :
“._IHI_I.H U"';F nﬂmr ki Wk L
i r" ;

pit wr,ln'll ' Tl

i B U pamae W’nrl' r‘”-L-H o l-’ :‘
{ants w' 3 '.'.'L".‘._" LA R el g i H'h e
Ip L'.'y I..-‘ H\‘ﬁ"'ély:".l“‘uﬁ |,f :o" ¥ !
-? T ﬂ uf ‘ 1.3“.‘1.”,." “;hr i -'U" ”| W
I|I||L'F|. i || || - I'J '\.S'L””I” k I " ““ u"_,".'l .‘A
T .'."'"'J" s e
. nu."..'ﬂu.i,,‘w ||U|“.',; "1‘,1'-'r'.-" S .
..|ﬂ- il rﬂ“"’ ']‘l \“ Tl i :
il r‘.":,u.\.'w.l

[ .|'J reAT S

.”H_I‘I'I AL "‘1\,I..|'L.J‘.|‘ .' ﬂ.'"
dr. 2 ‘ HIMJJI\M[‘. ’E i "H"II"r i it lr;-',*)-n
St |‘ﬂ'\f- o “. "'.'
«.,...‘ i"|‘|:tﬁ:.w-“:i— e jW ;‘:". ’_‘.. :

A .;Frih h de‘- o = ‘Ii ]vLJ”L Sl
T

B
=3l

R [N
! | ; B i - Lo
ik e e N e R e
i 'i'"‘lﬂ“"‘."-: 0 Jp é"lu Yoy r‘L\'l:IL'.""u i J“‘l s TR [ '“ P HIRE L TR __r
: |. il e k! ' S J-Fe T " i e A .' )
, ‘.J' ‘.I. HUW'-‘I 1..r . . e I. o - K } p e
e e 5 ; 1Tl S ‘ e TR AR L S
m"'ﬂ' "|'5‘1"£.|'-'."w T hie o el R R
El (it ¥ w.-\ g i '| - & L MR hu T
r‘l = .:rrr.ll\\' .'”‘I‘_I'w."-...'v . .J"L . 3 5 s r
'. . m.-.-.; R L :
L N

ST PR L
Iy e :.}'I"

o
|I\:. ) x '

1 1 .
.|'h o

1 .
. . ||||r |||I|
g el A . Y
!

o
It
f

0 “-’_.'('."‘.h iy

o"“‘ :"lnﬁn‘

=l s
#’"‘ 1} , i




08020:10/082290

APPENDIX

CALCULATION OF HOT LEG TEMPERATURE BIAS
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APPENDIX B

ACRONYMS FOR
UNCERTAINTY CALCULATIONS
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