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The second method 1s for the IA4C personnel to defeat the failed hot leg RTD
and rescale the electronics to average the remaining two signals and
incorporate a bias based upen the hot leg streaming measured in the loop.

Should a failure of a cold leg RTD be diagnosed, the I&C personnel would

disconnect the failed element from the rack terminal strip and connect the
other RTD element.
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The special test data was reduced and characterized to answer the three
objectives of the test program, First, RTD bypass branch line temperature
J* “ferences in the two adjacent loops were established. Also, data taken
during power escalation indicated that branch l1ine temperature differences
{ )b.c.e as observed during the

earlier streaming tests. Second, the streaming pattern [
b.C.®
' Db

In other words, the temperature gradient [
19€4€  Thig ts inferred by {
]b.c.e observed between branch 1ines. Third, since
the [
1°4€€ §nto the RTD averaging circuit if a hot leg RTD fails and only 2
RTDs are used to obtain an average hot leg temperature. The operator can
review temperatures recorded prior tc the RTD failure and determine an
( ]b"'e into the “two RTD" average
to obtain the “three RTD" expected reading. A generic procedure (see Appendix
B) has been provided to New Hampshire Yankee which specifies how these [
]b.c.e are to be determined. This significantly reduces the error
introduced by a failed RTD. This long term stability associated with two out
of three RTDs in service has been confirmed by observations at other plants.

This special test data also supports previous calculations of streaming errors
determined from previous tests at other Westinghouse plants. In addition,
more recent temperature data (provided by other 4 loop plants similar to
Seabrook) i1s also consistent with the upper bound temperature gradients that
characterize the specfal test data. Data from operating plants recently
equipped with the thermowell-mounted RTDs is within the gradients used in the
streaming error calculations. Data obtained during power escalation from
these plants continued to indicate that the streaming differences [

].b.c.o There were no new discoveries from either the
special test data or more recent operating plant data, but the new data did
add a dimension previous tests did not have. The test sampled temperatures
from the pipe interior while all previous tests investigated temperature
gradients at the pipe surface. The pipe internal temperature data has greatly
strengthened the assumptions and inferences made with previous test data.
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TABLE 2.1-]

QESPONSE TIME PARAME.CRS FOR RCS TEMPERATURE MEASUREMENT

Fast Response
RTD Bypass System Thermowell RTD System

RTD Bypass Piping and Thermal Lag (sec) Tl ~y 88
RTD Response Time (sec)
Electronics Delay (sec)

Total Response Time (sec) 6.0 sec 6.0 sec

11630:1D/011382 13
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3.0 UNCERTAINTY CONSIDERATIONS

This method of hot leg temperature measurement has been analyzed to determine
the magnitude of the two uncertainties included n the safety analysis:
calorimetric flow measurement uncertainty and hot leg temperature streaming
uncertainty.

3.1 CALORIMETRIC FLOW MEASUREMENT UNCERTAINTY

Reactor coolant flow is verified with a calorimetric measurement performed
after the return to power coperation following a refueling shutdown., The two
most important instrument parameters for the calorimetric measurement of RCS
flow are the narrow range hot leg and cold leg coolant temperatures. The
accuracy of the RTDs has, therefore, a major impact on the accuracy of the
flow measurement,

With the use of three T, ., RTDs (resulting from the elimination of the RTD
bypass lines) and the latest Westinghouse RTD cross-calibration procedure
(resulting in low RTD calibration uncertainties at the beginning of a fuel
cycle), the Seabrook Unit 1 RCS flow calorimetric uncertainty is determined to
be < 2.3% Flow including the use of cold leg elbow taps (see Tables 3.1-2, 3,
4 and 5). This calculation is based on the standard Westinghouse methodology
previously approved on earlier submittals of other plants associated with RTD
Bypass Elimination or the use of the Westinghouse Improved Thermal Design
Procedure. Tables 3.1-1 through 3.1-8 were generated specifically for
Seabrook and reflect plant specific measurement uncertainties and operating
conditions.

3.2 HOT LEG TEMPERATURE STREAMING UNCERTAINTY

The safety analyses incorporate an uncertainty to account for the difference
hetween the actual hot leg temperature and the measured hot leg temperature
caused by the incomplete mixing of coolant leaving regions of the reactor core
at different temperatures. This temperature streaming uncertainty is based on
an analys's of test data from other Westinghouse plants, and on calculations

.163D:10/011392 14



to evaluate the impact on temperature measurement accyracy of numerous
possible temperature distributions within the hot leg pipe. The test data
has shown that the circumferential temperature variation is no more than
[ i

]’b'( * and that the inferred temperature gradient within the pipe is
limited to about ( ]’b‘c". The calculations for numerous
temperature distributions have shown that, even with margins applied to the
observed temperature gradients, the three point temperature measurenent
(scoops or thermowell RTDs) is effective in determining the average hot leg
temperature. Plant specific calcula*ions performed for the Seabrook RTD
system have established an overall streaming uncertainty of [ ]’b'c"
for a hot leg measurement. Of this tucal, [

]tb,C.Q' The
remaining 0.5°F is considered to be a random uncer .nty for the four loop
plant. Both the systematic and random uncertainty contain components
attributable to the spacing of the hot leg RTDs. The 120° RTD has been moved
to the 90°* location on loop A, and the 240° RTD has been moved to the 270°
location in loops B and D. On loop C, the 90* RTD has been moved
approximately 12 inches upstream at 105°.

The new method of measuring hot leg tamperatures, with the three hot leg
thermowel) RTDs, is more effective than the existing RTD bypass system [
the streaming error caused by imbalances in the scoop sample flows is

13:€_ Although the new method measures temperature at one point
(at the RTD/thermowell tip), compared to the five sample points in a S5-inch
span of the scoop measurement, the thermowell measurement point is the point
used to establish the stream'ng uncertainty and thus accounts for a range of
possible temperature gradients in the hot leg. Since the thermowell tip is
at the same radiu:z as, or opposite the center hole of the scoop, the two

systems measure the same average temperature (
]a.c.

Temperature streaming mei.urements have been obtained from tests at 2, 3, and
4-1c0p plants and from thermowel! RTD installations at 3 and 4-lo0p plants.

0934D:10/011292 15
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TABLE 3.1-3

FLOW CALORIMETRIC SENSITIVITIES

FEEDWATER FLOW

FA +2,C

TEMPERATURE « [ =
MATERIAL

DENSITY
TEMPERATURE
PRESSURE

DELTA P .

FEEDWATER ENTHALPY

TEMPERATURE
PRESSURE

hg

hy -

Dh(SG) .
STEAM ENTHALPY

PRESSURE
MOISTURE

HOT LEG ENTHALPY

TEMPERATURE
PRESSURE

- .
1192.9 BTU/LBM
2106 BTU/LBM
773.3 BTU/LBM

aanal

640.2 BTU/LBM
560.5 BTU/LBM

79.7 BIU/LBY
1.548 BTU/LBM-DEGF

™

hh

h
oR (VESS)
Cp(TH)

COLD LEG ENTHALPY
TEMPERATURE - [:

L

PRESSURE .
CO(TC) = 1.270 BTU/LBM-DEGF
COLD LEG SPECIFIC VOLUME o
TEMPERATURE
PRESSURE . [: :]
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OVERPOWER DELTA-T TRIP

DELTA-T  Tavg
PMA « r- .

S5CA =
SO »
BIAS«
RCA =
M&TEw
MLTE=
RCSAe
RTE =

RO« L 3l

TABLE 3.1-8

(% SPAN)

+4,C

]

# OF RTDs USED ™ e 2

INSTRUMENT SPAN
SAFETY ANALYSIS LIMIT
ALLOWABLE VALUE
NOMINAL SETPOINT
VESSEL DELTA-T

L« 2HY
TA« 4.9
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1.0900
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1.74
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The following protection and control system parameters v re affected by the
change from one hot leg RTD to three hot leg RTDs; the Overtemperature AT
(OTAT), Overpower AT (OPAT), and Low RCS Flow reactor trip functions,

RCS averige temperature meosurements used for control beard indication and
input to the rod control system, and the calculatec value of the RCS flow
uncertainty. System uncertainty calculations were performed for these
parameters to determine the impact of the change in the number of hot leg
RTDs. The results of these calculations indicate sufficient margin exists to
account for all known instrument uncertainties.

Changes have been made in the reactor protection system setpoints to account
for the new thermowell mounted RTDs. In gener.), the current values of the
nominal setpoints as defined by the Seabrook Technical Specifications remain
valid, with a change in the corresponding Allowable Values.

In addition, the DNB Parameters spec will be affected. The Technical
Specification LCO on Reactor Coolant System Total Flow Rate will increase due
to the change in the flow calorimetric uncertainty to 2.3%. Administrative
1imits on Tavg are affected by the increase in uncertainty from «/<4°F to
+/«8°F and will be changed accordingly. The uncertainty on the indication of
pressurizer pressure 1s not affected by RTD bypass elimination,

4.3 NON-LOCA EVALUATION

The RTD response time discussed in Section 2.1 and the instrument uncertain-
ties have been considered for the Seabrook non-LOCA safety analysis design
basis. These effects are discussed separately in the following paragraphs.

Only those transients which assumed OTAT/OPAT protection are potentially
affected by changes 1n RTD response time. As noted in Section 4.1, the new
thermowell mounted RTDs have a respouse time egual to or better than the old
bypass transport, thermal lag and direct immersion RTD, On the basis of the
information documented in Table 2.1-1, 1t 1s concluded that the safety
analysis assumption for the total OTAT/OPAT channe! response time of €.0

11630:10/011392 29
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and the -~ cooling 1s affected by the quality of the fluld. These
sensitivity studies concluded that the inlet temperature affect on peak
cladding temperature Vs dependent on break size but the magnitude of the
sensitivity 1s smal). Smal)l Break LOCA transient results are typically much
less 1imiting with respect to Large Break LOCA analyses but they exhibit a
more stable sensitivity to changes in vessel Tavg. Again, the sensitivity to
these changes in Tavg on Small Break LOCA are small,

As a result of these studies, the Large and Small Break LOCA analyses are
performed at a nominal value of Tavg in conjunction with cons.rvative
Appendix-K required features. The steam generator secondary side temperature
and pressure are also determined using the nominal loop average temperature
(Tavg) output. Stince nominal values are used, the inputs to the analyses
would not be affected due to the RTD bypass (imination. However, the basis
for uti1izing nominal Tavg conditions 1s that the Tavg uncertainty range will
be less than or equal to +/- 4°F, Since the Tavg uncertainty for Seabrook
Unit 1 1s now stated to be +/~ 5°F, small PCT penalties will be applied to
both the Large and Small Break LOCA analyses of record to address the Tavg
uncertainty range increase. It is concluded that the elimination of the RTD
bypass piping will not affect the LOCA analyses input and hence, the results
of the analyses. However, small PCT increases will be assessed to accoint for
the increased Tavg uncertainty range from «/- 4°F to «/-5°F, Therefore, the
plant design changes due to the RTD bypass e'imination are acceptable from a
LOCA analysis standpoint without requiring reanalysis.

4.5 STEAM GENERATOR TUBE RUPTURE (SGTR) EVALUATION

The FSAR SGTR analysis 1s performed to evaluate the radiological consequences
of an SGTR accident. An SGTR event results in a depressurization of the
Reactor Coolant System (RCS) due to the continued primary to secondary
leakage. As a result of tne RCS depressurization, automatic reactor trip
occurs on a low pressurizer pressure or overtemperature delta-T (OTAT)

signal, and safety injection (SI) actuation occurs automatically on a low
pressurizer pressure signal shortly thereafter. Operator actions are required
to equalize the RCS and ruptured SG pressures and stop primary to secondary
break flow. The operator actions required for the SGTR recovery include

11630:10/011392 3
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loop piping. This change requires modifications to the hot leg scoops, the
crossover ley bypass return nozzle, the cold leg RTD bypass nozzle and one new
thermowe!l penetration in Loops 1, 2, 3, and 4 hot leg piping.

AVl machining operations performed during modification of the hot and cold leg
penetrations, as well as machining of the crossover leg bypass =eturn nozzle
and the new hot leg penetration will be done 1n a manner that minimizes debris
escaping into the reactor coolant system,

The use of temporary sea! plugs inserted into the hot, cold and crossover leg
nozzles during machining operations minimizes the amount of debris entering
the Reactor Coolant System (RCS). The use of seal plugs 1s precluded during
Metal Disintegration Machining (MOM) operations that will be used to machine
the additional flow hole in the scoop and to perform the breakthrough
machining operations on the additional hot leg penetrations. Therefore, the
MOM debris directly enters the Reactor Coolant System. However, the very fine
particles produced by the MDM process are not of a size, form or quantity as
to have a deleterious impact on plant safety.

Another form of debris is formed during reactor site machining operations. 1In
this case the debris will come from pipe cutting processes utilizing a fine-
toothed blade trom a porta-band saw. The size of this debris is expected to
be in the 200 - 400 micron range. Based on extensive experience in the
disposition of loose parts and foreign objects in the Reactor Coolant System,
it 1s ¢lear that two components in the RCS represent t .e primary area of
concern. Firgt, the effects on the fuel must be assessed. Again, based on
experience, 1t 1s concluded that the fine particles produced during the
cutting process are not of a size or form as to produce fuel rod fallures.

The = ticles are s)ightly larger than MDM fines, but typicaiiy do not have

th @ or thickness of machining chips or turnings that may have caused fuel
rod ..ilures in the past. As previously evaluated, fuel rod failures are a
potential commercial consern but do not represent an unreviewed safety
question,
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Second, the potential effects on the Reactor Coolant Pump (RCP) sea) must be
assessed. Oebris entering the seal from the RCS during a loss of sea)
injection must be considered, There will be a smal) amount of debris in the
system, which will disperse, and 1s unlikely to be sufficient in quantity to
affect al) four reactor colant pumps. The largest of the 200 - 400 micron
(008" « .016") particulates are too large to migrate into the pump during a
loss of injection., In the worst case, at the Instant the seal injection is
1ost, the No. ) seal leakage would be expected to be less than 6 gpm
(typically 3.5 gpm). At this flow rate the velocities up the pump shaft alley
are too low to keep particulates in suspension. It 15 not expected that these
particulates wil) migrate into the pump bearing or seals.

Typically seals are more sensitive to gradual degradation due to small
particulates 0.1 « 10 microns. There is considerable experience with debris
in the 100 - 200 micron sizes being ingested by the seals during hot
functional testing. At thi- time, ‘njection piping may not be as clean as
typically desired. This debris is ground up by the ceramic faceplates. Seal
inspections after not functionals routinely show imbedded ground metal in the
seal faces. The seal performance 1s not measurably affected by this material.

However, the machining debris is much less than typically experienced during
hot functionals. The machining debris is similar to that generated by the
pump shaft impeller rubbing the labyrinth seals of the pump as the equipment
breaks in. These particulates do not represent a significant safety issue.
The utility should follow normal procedures with regard to inspections and
replacement of seals,

Due to the expected size of the debris, there are no other components within
the RCS that are a potential concern. The cutting operation ftself will be
controlled in such a way as to reduce the amount of fines that surround the
cut at any one time. All welding and NDE will be performed per ASME Code
Section XI requirements. Each of these modifications is evaluated as follows.

11630:10/011392 36



The original hot leg RTD bypass piping which feeds the bypass manifold must be
removed and two of the three scoops will be modified to accept fast response
RTD thermowells. A hole wiil be machined through the tip of each scoop which
will provide the proper flow path., The unused (the 120* location on loops A
and C, and the 240* location on loops B and D) scoops will be capped and a new
penetration made in the same plane as the existing scoops but offset 30* from
the unused location., A boss and thermowel) will be installed at each of these
nev locations. The thermowells, bosses, and caps will be fabricated ‘n
accordance with Section I11 (class 1) of the ASME Code. The field machined
surfaces will be examined prior to welding as required by ASME Code, Section
XI. The installation described above will be performed using Gas Tungsten Arc
Weld (GTAW) for the root pass and finished out with elther GTAW or Shielded
Meta) Arc Weld (SMAW). A of the welds will be examined by Penetrant Test
per ASME Code, Section XI.

The cold leg RTD bypass piping must be removed and the cold leg RTD bypass
nozzle modified to accept the fast response RTD tharmowell. The RTD
thermowell will Le installed into the nozzle and wiil extend approximately

( 1%€ {nches into the flow stream. The thermowell will be fabricated in
accordance with Section 111 (class 1) of the ASME Code. The machined surfaces
of the nozzle to be welded will be examined prior to welding as required by
ASME Code, Section X1. The root weld joining the RTD thermewells to the
modified nozzles will utilize GTAW for the rootpass and will be finished out
with etther GTAW or SMAW. The welds will be examined by Fenetrant test per
ASME Code, Section XI.

The cross-over bypass return piping must be removed and the nozzles will be
modified and capped. The cap will be fabricated to meet the pressure boundary
criteria of the ASME Code, Section II1 (class 1). The machined surfaces will
be examined prior to welding as required by the ASME Code, Section XI. The
cap will be root welded to the nozzles by GTAW and fi1] welded by either GTAW
or SMAW. The welds wiil be examined by utilizing Penetrant Test and
radiographs per ASME Code, Section XI.

11630:10/011592 37



Machining of the bypass nozzle, as well as any machining perfaormed during
modification of the penetration of the hot and cold legs, shall be performed
such as to minimize debris escaping into the Reactor Coolant System,

During the welding of the 3" stainless steel butt welded nozzle caps, rice
paper purge dams are used. The purge dams are made of Dissolve WLD-60 weld
dam paper. There should be no safety or corrosion concerns 1f the weld dam
paper 1s used correctly - held in place without adhesive tape, sufficiently
far from the weld to avoid overheating and scorching, and flushed to drain
after completing the welding operations. The adhesive tape will not be used
at Seabrook, and Westinghouse procedures, which have been verified based on
mockup testing, preclude the overheating of the weld dam paper during the
welding operations. MHowever, the crossover leg nozzle at Seabrook cannot be
flushed to drain following the welding operations, so that the dispersed weld
dam paper at these four locations 1s not removed from the RCS system.

The soluble purge dam paper, Dissolvo WLD-60, 1s acceptable for application
during inert gas welding of NSSS piping. The paper has low contaminant levels
such as chloride and does not increase the risk of corrosion n NSSS
components. The soluble purge dam paper, assuming it s dispersed and flushed
into the RCS during startup operations, will not significantly increase the
halogen concentration in the RCS or increase the risk of corrosion in NSSS
components. The suspended solids in the RCS will not result in a safety
concern as the Dissolvo WLD-60 dispersed solids do not contain contaminants
which could be activated to significantly increase activity levels or increase
the risk of corrosion when deposited on NSSS component surfaces. It should
also be noted that the Dissolvo WLD-60 weld dam paper will not form a rough
sided solid that could enter the pump seal. It is concluded that the
dispersed material will not adversely affect the RCS chemistry nor the NSSS
components.

The weld dam paper s not a concern for ONBR, This is based on the
conclusions that the Dissolvo WLD-60 will disperse rapidly. Formation of a
non-porous blockage in a fuel assembly of sufficient size to be a DNBR concern
is not possible for this material.
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Westinghouse has reviewed the impact on fuel perfor, ¢ of Dissolvo WLD-60
weld dam paper released into the Reactor Coolant Systen. Information on the
Dissolvo WiD-60 paper, indicates that the paper s based on rice paper, a
natura! organic material, and does not contain significant amounts of metallic
contaminants. Further, only 101 grams of material are estimated to be
introduces into the system. Being organic in nature, any material (1.e.
suspended solids) which may stay in the active core region would be vxpected
to degrade rather rapidly due to the thermal and radiolytic effects. Thus the
potential of the Dissolvo WLD 60 suspended solids forming a permanent crud
residue on the fue! and adversely affecting the fuel performance 15 consivered
highly unlikely.

The analysis of the Dissolvo WLD-60 paper also indicated the presence of
halogenated compounds. The analysis estimated the increase in the chloride
concentration in the RCS due to these compounds in the paper to be 0.021 ppb,
well within the 150 ppb specification 1imits of SIP §-1. The impact of the
halogen compound on fuel performance 1s negligible since the halogen 1imits of
SIP 5-1 would be readily met.

In accordance with Article IWA-4000 of Section X1 of the ASME Code, a
hydrostatic test of new pressure boundary welds is required when the
connection to the pressure bouncary 1s larger than one inch in diameter.
Since the cap for the crossover leg bypass return pipe is [ 1% inches and
the cold leg RTD connections are | ]"c inches, a system hydrostatic test is
required after bypass elimination. Paragraph IWB-5222 of Section XI defines
this test pressure to be 1.02 times the normal operating pressure at a
temoerature of | Rl

The integrity of the reactor coolant piping as a pressure boundary component,
fs maintained by adhering to the applicable ASME Code sections and Nuclear
Regulatory Commission General Design Criteria. The pressure retaining
capability and fracture prevention characteristics of the piping is not
compromised by these modifications.
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PROCEDURE FOR QPERATION WITH A HOT LEG RTD OUT OF SERVICE

The hot 1ag temperature measurement 1s olLtained by averaging the measurements
from the three thermowel) RTDs installed on the hot leg of each loop. [

]Q.C

In the event that one of the three RTDs fails, the fatled RTD will be discon-
nected and the hot leg temperature measurement will be obtained by averaging
the remaining two RTD measurements plus the bias. [

The bias adjustment corrects for [

]a.c To assure thati the measured hot leg temperature

is maintained at or above the true hot leg temperature, and therefore, to

avoid a reduction in safety margin at reduced power, [
18.¢

An RTD failure will most 1ikely result in an off scale high or low indication
and will be detected through the normal means in use today (i.e., TAVG and

AT deviation alarms). Although unitkely, the RTD (or its electronics
channel) can fail gradually, causing a gradual change in the loop temperature

1163D:1D/011392 46
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The potential effect of each change listed above on these analvses is discussed
in the corrasponding numbered paragraph below.

Credit is taken for the liquid volume in the RTD loop bypass piping in the
analyses of dilutions in Modes 1, 2, and 3. Elimination of the loop bypass
piping will reduce the RCS mixing volume assumed in the analysis by less
than 0,12, a negligible amount,

2 RCS flow rate does not influence the boron dilution analysis, other than
in a gross sense, in that the operation of one or more Reactor Coolant
Pumps (RCPs) increases the assumed RCS mixing volume to include the
complete reactor coolant loop volume in addition to the portions of the
reactor vessel included in the mixing process. The RCS flow rate does
influence the margin to DNB limits during a dilution event at power. As
noted above, the Thermal Design flow rate assumed in DNB margin analyses
will he assured by plant operation in compliance with the pioposed changes
to T§ 3.2.5 Thus the margin to DNB for overpower transients due to Boron
Dilution during power operation will be unaffected.

3. The only influence of the increase in uncertainty on T, measurement on the
Boron Dilution analysis is on the initial margin to DE% limits for events
occurring during power operation. As noted in Reference 1, the increased
uncertainty remains within the value of uncertainty assumed in Chapter 15
FSAR & lvses. Thus, the margin to DNB should be unaffected.

&, These changes will assure that an Overtemperature AT trip will occur during
boron dilations at power, prior to the existence of coolant conditions,
core power distri.  ‘ons, and core power levi.s which could vesult in
violation of the thern. . deuign limits for DNB.

5 The Overpuwer AT trip provides nrotection against fuel dercge resulting
from overpower transients in whiach local power densities miaht u:herwise
exceed the value at which centerline fuel melting could occur., Figurz &4-
4 of WCAP-13022 (Reference 3) indicates that pover distyibutions resulting
from overpower Boration/Dilution events in which core power does not exceed
1187 RTP, do not result in local power peaking which exceeds the centerline
melt local power density limit. The proposed change to K¢ ensures that the
Overpower AT trip will continue to assure a plant trip prior to power level
exceeding 1183 RTP,

In summary, the anticipated effects of these changes on the Cycle 3 Boron
Diluti n analysis are negligible.

CONCLUSION

The proposed changes to plant systems, instrumentation setpoints and measurement
uncertainties, and Technical Specifications to allow removal of the RTD bypass
piping have negligible effect on the SGTR analyeis performed by Yankee (Reference
2) and will have negligible effect on the Boron Dilution analys~s performed to
support Cycle 3 operation when those analyses are performed.







