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IMPORTANT NOTICZ REGARDING
CONTENTS OF THIS REPCORT

PLEASE READ CAREFULLY

This repor:t was prepared by General Electric solely for Caroclina Power and
Light Company (CP&L) for CPSL's use with the U.S. Nuclear Regulatory Commis~
sion (USNRC) for amending CP&L's operating license of the Brunswick Steam
Electric Plant Unic 2. The information contained in this report is

believed by General Electric to be an accurate and true representaticn of the
facts known, cbtained or provided to General Electric at the time this report:
was prepared.

The only undertakings of the General Electric Company respecting informaticn

in this documen: are contained in the contract between Carolina Power and

Light Company and General Electric Company for nuclear fuel and related services
for the nuclear system for Brunswick Steam Electric Plant, dated January 28,
1974, and nothing contained in this document shall be construed as changing

said contract. The use of this information except as defined bv said contrac:,
or for any purpose other than that for which it is intended, is not authorized;
and with respect to any such unauthorized use, neither General Electric Company
nor any of the contributors to this document makes any representation or war-
ranty (express or implied) as to the completeness, accuracy or usefulness of the
information contained in this document or that such use of such information may
not infringe privately owned rights; nor do they assume any responsibilicy for
liability or damage of any kind which may result from such use of such
information.
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1. PLANT-UNIQUE ITEMS (1.0)*

Rotated 3uncle Analvsis P:occdute{ Appencdix A
Total Nuszer anéd Capacity of Safezy/Relief Valves: Referenre 2
Fuel loading Zcror LECR: Appendix B
QDYN Transien: Calculation Results: Appendix C
Recirculation Pump Trip Feature: Appendix D
Separate MCPR Lizits Repor:ed for 8 x 8 and 8 x 8R Fuels
2. RELOAD FUEL BSUNDLES (1.0, 3.3.1 and 4.0)

Fuel Tvpe Number Nurher Drilled

Irradiated Initial Core Type 1 108 108
Inicial Core Type 3 176 174

7082130 4 4

8DB274L 100 100

8DB274H &0 40

New 8DR3265K b4 64
8DRB283 68 68

Total 560 560

3. REFERENCE CORE LOADING PATTERN (3.3.1)

Nozinal previcus cycle exposure: 11,570 Mwd/t
Assuned reload cycle exposure: 13,080 Mwd/t
Core loading pattern: Figure 1

4. CALCULATED CORE EFFECTIVE MULTIPLICATION AND CONTROL SYSTEM
WORTH = NO VOIDS, 209C (3.3.2.1.1 and 3.3.2.1.2)

e kcf!
Uncontrolled 1.120
Fully Controlled 0.958
Strongest Control Rod Out 0.989

., R, Maximuz Increase in Cold Core Reactivity
with Exposure Ianto Cyecle, 2k 0.000

5. STAXDEY LICUID CONTROL SYSTEM SHUTDOWN CAPABILITY (3.3.2.1.3)

Shutdown Margin (k)
(20°C, Xe=mon Free)

600 0.032

®( ) refn's to areas of discussion in Reference ..

[
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70ic Fraczsion (%)
-~ 2 e °—
Jdoppler Coefficient M/A (¢/% °F)
- o.
Average fuel Temperature ( F)

Scram YWorta N/A (3)

Scram Reactivity

RELOAD UNTOUZ TRANSISNT ANALYSIS INPUTS (3.3.2.1.5 and 5.2)

£0C
7.46/9.49
41.76
0.1937/0.1840
1538
38.75/31.00

Figure 2

7. RELOAD UNIOUE GETA3 TRANSIENT ANALYSIS INITIAL CONDITION PARAMETERS
Ix7 8x8 8x8R
Exposure Toc Toc B

Peaking factors
(local, radial
nd axial) 1.26/1.284°1.40 1.22/1.448/1.40 1,20/1.58587..40
R=Factor 1.100 1.098 1.051
Bundle Power
(Mwe) ' 5.481 6.175 6.753
3unéle Flow
(103 1b/hr) 124.5 113.0 114.0
Inicial MCPR 1.20 1.20 1.20

8. SELECTED MARGIN IMPROVEMENT OPTIONS (5.2.2)

Recirculation Pump Trip

*N = Nuclear Input Nata
A ® Uged in Transient Analysis

12
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9. CORE-WIDE TRANSIENT ANALYSIS RESULTS (5.2.1)
Power Flow ¢ Q/A Pgl Py ACPR Plant
Transient Exposure (%) (%), (%) (X (psig) (psig) _7x7 8xS/8x8R Response

Turdiae Trip :
vizhout Bvpass EOC3 10« 100 133.0 100 1166 1197 0.01 0.03 Figure 3

Inadvertent
HPCI Pump 0.12
Start ———— 106 100 321.2 112.9 1018 1067 0.11 6 14 Figure &
Feedwater
Controller
Failure EOC3 106 100 109.3 104.8 1028 1073 0.05 0.06 Figure 5
10. LOCAL ROD WITMDRAWAL ERROR (WITH LIMITING INSTRUMENT FAILURE
TRANSIENT SUMMARY (5.2.1)
Rod
Position
Rod Block (Feet LCPR MLHGR (kW/ft) dmiting
Reading ‘wishdrawrn) 7x7 8x8 B8x8R Ix7 8x8 8x8R Rod Pa:ztern
104 4.0 0.13 0.10 0.19 18.0 15.3 12.5 Figure 6
105 4.0 0.13 0.10 0.19 18.0 15.3 12.5 Figure 6
106 4.5 6.1 0.12 0.2 IB.% 16.3 15.} Figure 6
107 5.0 0.7 0.13 0.25 19.4 16.8 13.6 Figurce 6
108 $.5 0.20 0.3&4 0.27 1%.8 17.3 3s.1 Figure 6
109 6.0 0.22 0.16 0.29 20.0 17.5 1l4.4 Figure 6
110 5.0 0.26 0.24 0.36 18.2 16.5 1146.3 Figure 6
11. OPERATING MCPR LIMIT (5.2)
BOC3 - ECC3
1.20 (8x8 fuel)
1.26 (Bx8R fuel)
1.20 (7x7 fuel)
12. OVERPRESSURIZATION ANALYSIS SUMMARY (5.3)
Powver Core Flow Ps1 Py Plant
Transient (2) (%) (psig) (psig) Response
™SIV Closure
(Flux Scram) 104 100 1213 1258 Figure 7

*Indicates setpoint selected
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13. STABILITY ANALYSIS RESULTS (5.4)

Decay Ratio: Figure 8
Reaccor Core Scabilicy:
Decav Ratio, xz/xo 0.62

(1054 Rocd Line - Natural
Circulation Power)

Channel Hvdrodymamic P. forzance
: Decay Ratioc, xz/xo

(1052 Rod Line - Natural
Circulation Powver)

8x8/8x8R channel 0.28

7x7 channel 0.13

14. LOSS-OF=-COOLANT ACCIDENT RESULTS, (5.5.2

8DRB263
Exposure MAPLHGR PCT Local Oxidation

(Msd/t) (kWw/ft) §°F} Fracticn
200 11.3 2154 0.030
1,000 11.6 2156 0.029
5,000 11.% 2192 0.032
10,000 12.0 219¢ 0.032
15,000 12.0 2260 0.033
20,000 11.8 2197 0.033
25,000 1l.3 2138 0.027
30,000 10.7 2056 0.021

8DRB283
Exposure MAPLEGR PCT Local Oxidaticn

(Mwd/t) (kW/f2) $°?2 Fraction
200 11.2 2122 0.027
1,000 11.2 2117 0.026
5,000 11.8 2184 0.032
10,000 12.0 2197 0.033
15,000 11.9 219 0.032
20,000 11.8 2197 0.033
25,000 11.3 2132 0.027
3¢, 000 13:31 2106 0.025
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15. LOADING ERROR RESULTE* (5.5.4, Appendix A)

Limiting Event: Botated bundle 8DRB283H or S8DRB26SH

MCPR: 1.07%#

16. CONTROL ROD DROP ANALYSIS RESULTS (5.S5.1)

Doppler Reactivity Coefficient: Figure 9
Accident Reactivity Shape Functions: Figures 10 and 11

Scram Reactivity Functions: Figures 12 and 13

*Using New Rotated Bundle Anzlysis Procedures described in Appendix A.
**Inclu'es added penalty of 0.0Z imposed by NRC.
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10 i i8 2 26 30

06

3~ 6

o
L
o

ROD PATTERN IS 1/4 CORE MIRROR SYMMETRIC.
UPPER LEFT QUADRANT SHOWN ON MAP

NUMBERS INDICATE NUMBER OF NOTCHES WITHDRAWN
OUT OF 48. BLANK IS A WITHDRAWN RCD

ERROR ROD IS (22,27)

. -

Figure 6. Limicing RWE Rod Patcern
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© CALCULATED VALUE
O BOUNDING VALUE FOR 280 aal/g
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ROD POSITION (R OUT)
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Figure

RDA Reactivity Shape Function
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REFERENCES

"General Electric Boiling Water Generic Fuel Application,” NEDE-24011-?7,
Revision 3, March 1978.

Letter No. NG=-77-1060 from E. E. Utley (CP&L) to A. Schwencer (NRC),
September 20, 1977.
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APPENDIX A
NEW BUNDLZ LOADING ERROR EVENT ANALYSES PROCEDURES

The bundle loading error analyses results presented in Seccion 15 in chis
supplezent are based on new analvses procedures for the rotated bundle loading

error evenis. The use cf this new analysis procedure is discussed below.
A.l NIW ANALYSEIS PROCEDURI FOR THE ROTATED BUNDLE LOADING ERROR EVENT

The rotatel bunile loading error event analyses results presented in this sup-

-eTenl are basel on the new analvses procedure described in References A-l and

: .
A=), This new method of performing the analyses is based on a more detailed
analyvsis mocel, which reflects more aszcurace analvsés than tha: used in previous

nalyses of this event.

The principle difference be:ween the previous Aanalysas procedure and the new
analrses procedure is the modeling of the water g§2p along the axial leng:h of the
bunile. The previous ana ses use: a uaiform waler gap, whereas the new analyses
utilize a variadle water ga; which is representative of the actual zondizion.

The effect of che variadble water 827 1s tc reduce the power peiniag and the
R-facter in the upper regions of the limiting fuel rod. Thnis results in the cal-
culaticn of a reduced 2CPR for the rotates bundle. The calculation was performed
using the same analvtical models as were previously used., The cnly change is in
the simulation of the water gap, which mere accurately represents the actual

gecme

o

r}'.

In the new analyses, the axial alignment of a 180° rotated bundle conservatively
ignores the presence of the channel fastener. The more limiting condition of
assuming that the spacer butions are in contast with the top guide is assumed.
There is nu known loading that could bend or break the channel spacer button
during tne insertioun of a 180° rotated bundle, since both the top guide and
spacer buttun are chamfered to provide lead-in. Fur a properly assembled bundle,
N0 mechanisr exists which could invalidate the assumption .hat a 180° rocaces

bundle leans to one sicde.

A=l
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1t should Se noted tha: proper corientation of bundles in the reaczar core is
reacily veriiied by visual observaiicn and assured by verification proces.res

uring core loacing. TFive separate visual indications of proper bunmile

(1) The channel fastener asse=blies, including the spring and guars uses
£0 maintain clearances detween chanrels, 4re located at one zorner cof

each fuel assexbly adjacent tc the center of the contral rod.

(2) The identification boss on the ‘uel asse=>lv hanile points towars zhe

acjacent contrel rod.

(3) The chanrel spacing butions are adiacen: %o the contral roé passaze

area.

(¢) The asse=>lv identifization numbers whizh are locates on the fuel
assexdly handles are all reacacle from the direction of the ze=czer of

the cell.

(3) There is cell-to-cel. replicazion.
Experience has demonstrated that these design features are clearly visidble sz
that any misloaded buncle would be readily identifiadle during core locasing
verification., Figures A-l, A-2 and A-3 denc:e a neraally loaded bunsile, a 15:
rotated bundle, and a 90° rotazed bundle, respeciively., Actual experien:
(References A-l and A-2) has demons:trated tha: the probatilicy of a rotaczes

bundle is low.

The nev analyses procedure results show that the minimum CPR for the mes: limize

ing rotated bundle in the core is greater than the safety limic,

A-2



NEDO-24179-1

REFERENCES

st R, E. Engel (CI) to D, Eisenhut (NRC), "Fuel Assemdly Loading
ror,” MFN=21%8«77, June 1, 1977,

Le: ..r, R, E. Engel (CE) te D, Eisenhut (NRC), "Fuel Assemdly Loacding
Errur,” MFN=4L57-77, Novesber 30, 1977.

A-3
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Figure A-2, Rotated sundle, 180 Degree Rotation
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NOTE BUNDLE NUMBERS ARE FOR ILLUSTRATIVE PURPOSTS ONLY

Figure A-3., Rotated Bundle, 90 Degree Rotation
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APPENDIX B

Fuel Loading Error LHGR: 15.5 kW/ft

B-1/B-2
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APPENDIX C

For the pas: severa. months, General Electric, with the approval of the Nuclear
Regulazory Commissicn in cooperation with BWR Owners and EFRI, has been engaged
ir 8 pregras of confirmation transient testing which has resulted in the develcy-
sent and gualification of an improved transient model. A descriptien of the
{=proved transien: computer model (ODYN), it, qualificaction and its general
licensing application have been transzitted to the U.S. Nuclear Regulatory

Cozmission in References C-l1 through C-,

At the staff's regues:z, ODYN analyses of the limiting fast pressurization trans-
ients a: end of cycle & with Recirculation Pump Trip are being supplied in this
azpendix. Transients analyzed with ODVN in suppoTt of recirculaticn pump tri
are the Lzad Rejecticn without Bypass (LR w/o B8P), the Turdbine Trip without
Bvpass (T7T w/o B7), and the Feedvater Controller Failure (FwCF). For differen:
transients under differen: conditions, the ACPR calculated using ODYN may De
larger or s=alier tha= that calculated using REDY. Tadle Cel presents the
results of the ODYN analvsis. The analvses presentec in this appendix differ
frorm the standard licensing calculational procedure in that the assumed inicial
MCPR for each transient is ecgual to the safaty limic CPR plus the ACPR for thac
transient. These transient-depencent initial CPR's are given In Tadle C-1, and
Figures C-1 and C-2 depict the transients.

C-1



Power Flow
Transient éxposure (X) (%)
Turbine Trip EOC3 106 100
without Bypass
Feedwater EOC3 104 100
Controller
Failure

NEDO-24179-1

Table C-1
CORE-WIDE TRANSIENT ANALYSTS RESULTS
(ODYN ANALYSES WITH RECIRCULATTON PUMP TRIP)

®
(X_initial)

280.6

10£.3

Q/A
(Z inicial)

107.2

106.0

PsL
ggsiaz

1187

1070

Py
(psig)

1212

1093

8x8/8x8R 7x7
ACPR ACPR
0.12 0.08
0.07 0.05
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(ODYN Aralysis with RPT)
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APPENDIX D
RECIRCULATION PUMP TRIP FEATURE

D.1 INTRODUCTION

Significant izprovezent in therzmal margin can be realized if the severity of
core-wide pressurization transients is reduced. The Recirculation Puzp Trip
(RPT) feature accozplishes this by rapidly cutting off power to the recircu-
lation pump motors any time turdine control valve or turbine stop valve fast
closure occurs. This results in a rapid reduction in recirculation flow and
i{ncreases the core void content during the core-wide pressurization transients,
theredy reducing the peak transient power ancd heat flux. A more detailed dis-
cussion of the effect of RPT is included in Section D-2.

Basically, the RPT systez consists of pressure switches® installed in the turdine
econtrol valves and the position switches® in turdine stop valves. When these
valves close, redundant breakers between the motor generator aets and the recircu-
laticn puzmp motors are tripped; this releases the recirculaticn pumps to ccast
down under their inertia. Adding RPT will result in a reduction in CPR fer

transients involving stop valve or contrel valve closures.
D.2 EFFECT OF RPT ON PLANT PERFORMANCE

D.2.1 Dynamic Characteristics

An inheren: design characteristic of the bolling water reactor (BWR) is the
relationship of the core average moderator density to neuiron moderation, which
is represented by a negative void reactivity coefficient. This negative void
reactivity coefficient permits load following through control of the recircu-
lation flow w.thout control rod movement. To increase powver, core [low ls
increased, which decreases the void fraction and icnreases the neutron 3odera-

tion and reactlor power.

®These are the saze switches which initiate scraz on control valve fast closure
or stop valve closure. By using the same signal to initiate RPT, the necessary
hardware modifications are minimized and the scram trip and RPT are initiated
simultaneously.
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The negative volcd meactivity characteristic of the 3WR dictates the necessi:y
for reactivity contrel during certain operational pressurization events. The
tWe =est lizmiting event: analyzed in a typizal plant safety aralysis are the
™MLl turtine stop valve closure (turbine trip) or 2ontrol valve closure
(generator lcad rejectiion) with assused Sypass failure. In these events, the
dome pressure increases rapidly, causing a reduction in the core average void
fractilon, which increases moderation and results in a pesitive power increase.
This i3 refllected in decreased zargins %o pressure and ther=al limits.

The physical phencmencn which causes the reduced zargins is that the void
reactivity leeddack, which is due to the pressurization, momentarily car 1dd
posiiive reactiivily to the system faster than the contirol rods add negative

Seras reactivity.

The 3WR design provides a system for which reactivity changes have an inverse
relationshiy to the stean void content in the moderatar. This void feecddack
effect is cne of the inherent safety features of the 3WR syste=. Any systez
input whicsh increases reactor power (eit in a local cr gress senmse) produces
additional steas voids, which reduces the reactiviiy and theredy reduces the
po<er. The void feeddack mechaniss contributes to the stable regulatisn of

core reaciivily and permits load following without use of control rods Dy varying
the recirculaticn fiow. The practical constraints on the void coefficient are
that it sust de large encugh o prevent power cscillation due o spatial xenen
changes ye: ==all encugh that pressurization transients do not unduly limit

p-ant operation.

The dasic phenomencn associated with void feedback i3 the decrease in neutro=
aocderation resultiing frem an increase in void fraction. A spestral shift ia

the neutren flux occurs wherein the ther=al flux, and hence the fission rate,
decreases and the epitherz=al flux, and hence the rescnance capture rate, increases.
Conversely, a decrease in void fraciion causes an increase in reactivity. The
vold coellicient is predominantly the function of three variables far any fixed
Sundle gecmetry: (1) the average voids; (2) enrichment; an (3) expesure. As
each of these three parameters increases, the absolute ;agnitucde of the void
coefTicient increases and deccmes mere negative.
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For pressurization transients, the rate of flux rise is dependent on the magni-

tude of the void coefficient. The zore negative the void coefficient, the greater
the flux rise rate. The rate at which the negative reactivitly can be added to

the rore Dy the scra= Zeler=ines the severity of the transient. The scraz reactivity
depencs con the adllity of the control rods to be in the high flux regions of the
core. The animum scraz reactivity occurs at end of cycle when control rods are
fully withdrawn froz the core. In this situation, it takes a longer time for the
centrol rod to travel o a high importance region in the core. For this reason,

the pressurization transients are most severe near the end of the cycle.

The degree to which th: pressure and thersal pargins are reduced during pres-
surization events depends on the trades!fl between the negative scraz and posi-
tive void reactivities. Typically, at begimning of cycle (BOC), control rods
are partially inserted; this perzmits a prompt shutdown of the systez without
a significant decrease in margins. As the fuel cycle proceeds toward end of
cycle (EOC), the contirol rods are withdrawn until, idezlly, they are all with-
drawing. Hence, the effectiveness of scraz reactivi'y for shutdown of certain
pressurization transients is decreased as the core approaches EOC conditions.

As discusse? adove, margins are decreases when the positive void reactivity

feecback is inserted at a rate faster than the negative scraz reactivity.

Analyses have shown that the transient severity can be significantly reduced by
a rapic reduction in core flow. This increases the core veid fraction during
pressurization transients and consequently minizizes the power rise experienced.
The rapid reduction in core flow necessary to accomplish this effect can de
achievez oy the prozpt tripping of both recirculation pumps. The RPT systez
described in Section D.3 has been developed to accomplish this goal.

D.2.2 Thermal Limits Consideration

One of the operating fuel therzal limits, the minimum ecritieal power ratio (MCPR),
is estadlished such that the most severe abnorzal operaticnal transient is not
expected to sudbject more than 0.1% of the fuel rods to boiling transition. This
is known as the Cenerzl Electric Thermal Analysis Basis (GETAB). GETAS statis-
tically correlates a calculated MCPR as the condition at which less than 0.1%

of the fuel rods are expected to experience doiling transition. This value

D-3
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is incorporates intc the plant technical specifications as the fuel 2laddin
tegrity safety limii. An opermtlr 1imis MCPR i3 estadlished such that the

scst severe atnorm=al operational transient will mot rmesult in viclating the Lafety

s, "™me 2.f7p=ence Setweer the actual plant cpermatin goisical pover matl

(CPR) ans the spemating iis:it MCP? s 3 deasure of the ther=a. :argin.

17 the nor=a. operating CPR at the licensel power level anot de =aintained
above the operating Limit MCPR, a piant derate will De {=pcsed o assure thal
the resultant change in CPR freoz a worst-case adnor=al operational transient
will mot decrease the MCPR delow the safety limit. A recuction in severity of
sne wors: transient allows a reduction in the cpermating limit. UOsually either
turtine or generator Irip without Dtypass is the limiting ther=al even. near
EOC. The RPT syste=z is intended o provide izproved thersal margin for these

ligiting events.

D.2.3 Overpressure Pretection Considerations

The 3PT svstez has no effect on overpressure protection consideratic

-
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(MSTV Closure with Indirect Scras) which

dezonscrated compliance with the ASM vessel overpressure protection

D.3 RECIRCULATION PUMP TRIP DESCRIPTION

D.3.1 System Function

The RPT syste=, which is designed o izprove fuel ther=al margin, trips deih
recimoulation pu=ps upen sensing stop valve closure or fast cemtrcl valve

closure. The reduces core llow reduces the void collapse in the core Juring
twe of the most limiting pressurization events (i.e., turdine and generator

‘ \ - i
trips). Tripping of the recirculat

on pu=ps results in 2 szaller net positive

-

VeLZ meactivity adsition %o the systez Zuring these pressurization evenis.
This mesulis im a2 Lower power increase and consequently a lowver operating MIFE
t. Although the recduction in core flow in itsell may cause a siignt

decrease in ther3al sargins, the effect of

“

duces flow on the power increase
i3 a4 somsideradly 3ore dozinmant effect and the net result is t2 rmelus the

ther=a. severitly of the evenxt.
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I~ srder for the RPT systez to effectively counteract the void collapse effects

froz pressurization transients, the puzmp trip zust occur very soon after the

o

urbine /generator trip, ard the pumps must coast dowm at a relatively fast rate.
4.

If the pu=p trip and coastéown do not occur quickly, the positive void reastivitly
feedback causes by the pressurization effects will dozinate the transient and

-

no margin improvezent will be seen froz tripping of the pumps.

Analyses have been perf{ormed which demonstrate that the RPT systez is made most
effective by installing and tripping a line breaker between the recirculation

pus=p drive motor/generator and the pump motor. Although a motor/generator field
breaker trip has cost advantages over a line breaker, the response characteristics
froz such a trip do not achieve significant improvements in thermal margins.

Upon tripping the field dreakers, the drive motor generator continues to momen-
tarily supply some reduced power to the pump motor due to the time required

for the generator field and line current to drop to zero. This res.lts in reduced

effectiveness of the systexz.

In order to achieve the desired im;yrovements in therzal margins for the turdine/
generator trips, the supply current to the pump motor must be ter=inated in

less tharn approximately 200 milliseconds after receipt of the signal froz the
switches in the turdine s*op valves or in the turbine control valves. The line

breaker =r trip does achieve the desired systez goal.

D.3.2 System Description

The RPT systez includes all equipment that trips recirculation pump motors froz
their power supplies in response to a turdine/generator trip or load rejeciion.
The RPT systez is designed to be of qualily consistent with the reactor pro-
tection systez functions which provide protection for the saze events. The
systez consists of turbine control and stop valve closure sensors, separate
division logic and two circuit bDreakers for each puzp motor. The RPT systez (s
designe? to be operable whenever the turbdine generator trip scraz is operadle
(i.e., adove approximately 30% reactoer ther=al pressure). Existing turtine
firste-stage pressure sensors will prevent RPT initiation for turbdbine-generator
trips occurring delow the existing 3CY power bdypass of turbine and generaticr

trip seras signals.
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The APT svstes design inciudes twe separate trip divisions with each having

tws secarate trip channels, sensors and associated equipment {or each Deasured
variat.e. The systez is designed 0 Seet the single-failure criterion such

that any single trip channel (sensor and associatec egjuipeent) or systez cos-
ponent failure shall not prevent the systez roz performing its intended salety
function. Electromechanical relays used as the logic elexents within the syste=
and the systez logic are of the failsafe type (i.e., trip on loss of elestrical
power).

The RPT systes is designed to accomplish the desired function and to =inimize

the effect of this additional systez or plant availability. The system logic

is designed suzh that it will not cause the inadvertent trip of more than one
puz=p given a single compenent failure in the systexz. Each trip division shall
be clearly identified to reduce the possidbility of i(nadvertent trip of the
recirculation puzp during routine maintenance and test operations. Redundant
sensor circuits in each division (sensors, wiring, transzitter, aspiliflliers,

etc.) are electrically, mechanically, and physically indepencent so that they are
wnlikely o de disablad by a common cause except for an electirical power failure.

Capability is provided for testing and calidrating the systez logic Qquarterly anc
eireult dreakers once per refueling outage. Provisions are made to allow closure
of stop valve and fast clasure of turdbine control valve separately at least one
valve at tize (for normal routine valve test purposes) without causing a puz;
2oor trip. The systez input sensors and the division legic are capadle of deing
checked one channel or division at a tizme. The senscrs and svstez logic tes. or
calidbration during power operation will not itiate puzp trip sction at the
system level.

D.4 RPT LOGIC DIAGRAMS, CIRCUITS AND TESTABILITY
e ., .,0se of RPT is to reduce the severity of the reactivity transient caused
by either of two postulated events: (1) cturbine trip with failure of the

bypass valve, and (2) generator load rejection with failure of the bvpass valves.
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RPT is not required for any other postulated events; therefore, the logic begins
with the sensing of stop valve closure (turbine trip) or fast closure of the
turbine control valves (Zenerator load rejection). RPT is initiated following
either event for turbine power levels gre2ater than 30%, but is indepencdent of

the operation of the bypass vaives.

Figure D-1 is the logic diagram for RPT System A that trips pump A. System B is

the same except for the nomenclature changes indicated in parentheses.

The logic is "two-out-of-two or two-out-of-two" for both stop valve closure and
fast closure of the turbine control valves. This means, for example, that the
closure of stop valves 1 and 2 will trip both recirc pumps through Svstem A or
stop valves 3 and 4 will trip both pumps through System B. This logic provides
the testability feature with which any one stop valve or control valve can ke
closed and system status tested by observing relay contact status without causing
RPT operation. The entire logic of one division of the RPT system may be tested
without tripping the pumps by placing that system control switch briefly in the
"inop" position for the duration of the test; the test is initia*ed by closing
the two stop valves which initiate that system to the 10% closed (90% open)
position. Successful completion of the test is indicated by annunciation of

"RPT initiate" as the annunciation relays are energized. During this brief inter-

val, the redundant RPT system is, of course, continuously available to perform

its safety function.
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TURBINE CONTROL TURBINE STOP
VALVE A (C) VALVE 1 (3) <90%
FAST CLOSURE OPEN
AUX DEV * AUX DEV -
PERMISIIVE WHEN PERMISSIVE WHEN
TURBINE CONTROL
TURBINE STOP VALVE
VALVE B (D) FAST
CLOSURE PRESENT 2 (4) <90% OPEN

L‘ - o 7 \w" il - ] AUX DEV- AUXILIARY DEV'CE

CR - CONTROL ROOWM

- AMS - REMOTE MANUAL SWITCH
* PS - PRESSURE SWITCH
PERMISSIVE WHEN INITIATING OR Fi IAL
TURBINE 1 ST STAGE ACTION
PRESS 2> 30% OF

RATED POWER
D PERMISSIVE ACTION
\ A (G LOCA

4
t

TL‘:.‘.‘:‘?',V:TQ‘" . BREAKER CONTR SREAKER CONTROL
AG SWITCH IN cuose avrrcn IN cu:se
PRESS > 30% OF ST
RATED POWER

\ s© | ocaL / RMs cn [/
'

/ PERMISSIVE WHEN
REACTOR PUMP
TRIP SWITCH IN

NORMAL POSITION

o [ woen /
' ! k! '

TRIP COIL OPEN CLOSING CUIL TRIP COIL OPEN CLOSING COIL

CIRCUIT BREAKER CB3A (CB4A) CIRCUIT BREAKER CB838 (CB48B)

Figure D-1. Recirc Pump Trip System A
Typical for System B tEvcept as Shown ( )
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