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SECTION 1
PURPOSE

The operating procedures furnished in this document are intended to
assist plant operators in the preparation of detailed cperating proce-
dures for the feedwater bypass system. The procedures are written with
specific applicability to the KRSKO feedwater system modifications.

After the Owner has prepared the procedures for the plant, using the
procedures provided in this document as a basis, he is requested to
forward them to Westinghouse.
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SECTION 2
SYSTEM DESCRIPTION

2-1. " BACKGROUND

Under certain operating conditions (without the recornmended feeduater
system modification), the possibility exists for pressure pulses (some-
times referred to as waterhanimer) to be generated in the preheater sec-
tion of the steam generator. If these generated pressure pulses are of
sufficient magnitude and frequency, they could possibly result in equip-
ment damage with resul tant reduced efficiehcy, reduced electrical out-
put, loss of plant availability, or other undesirable effe( 's. A mecha-
nism which can produce pressure pulses in a confined space, such as in
feedwater piping or a preheater, is the formation of one or more steam
bubbles (voids) which subsequently come into contact with cold water
(cold relative to the temperature of the steam in the bubble). Very
rapid condensation of the steam bubble may causefi pressure pulse. This
pressure pulse phenomenon is most likely to occur when the steam genera-
tor water level and/or pressure are low. In addition, steam voids can
te formed in the preheater at low load conditions when the flow rates
are very low. Continuous heat input from the reactor ccolant fluid in
the tubes ~auses evaporation to occur, with consequent forming of voids.

To minimize the potential for the conditions described zbove, the feed-
vater bypass system modifications shown in Figure 2-1 ere incorporated
to prevent cold feedwater from being introduced directly to the pre-
heater Ithrough the main feeduater nozzle) when voids may be present in
the preheater. (However, the injection of cold feedwater at a very Tow,
controlled rate is acceptable. Refer to paragraph 2-2.) During heatup,

cooldown, hot standby, and low load operation the cold feedwater is
injected through an auxiliary nozzle (located in the stecam generator
upper shell) and, therefore, the preheater region is bypassed. When the

feedater temperature to the steam generator has increased to setpoint

T3 or higher (table 2-1), the feedwater isolation valve (FIV) will
open and feedwater flow may be transferred from the auxiliary feedvater
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LIMITATIONS AND SETPOINTS - MAIN FEEDWATER BYPASS
SYSTEM - COUNTER-FLOW PREHEAT STEAM GEMERATORS

Paraneter

—— st et

SG level

SG pressure

Feedwater temperature to
main nozzle

FIV bypass flow (Figure 2-1)
Nominal
Mininum

Trip

Timers
Level
Tenperature

Flow

Preheater Flow Isclation

Temperating flow to auxiliary
nozzle

2086Q:1
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2-2

Setpoint
5% of narrow range span

Low steamline pressure safety

- injection setpoint less

50 psi (but not less than
600 p:iq)

250 F

90,000 1b/hr
80,000 1b/hr
100,000 1&/hr

Zero seconds
Twice timc to purge volume
(from ten; zrature sensor nearest

steam gencrator to steam
generator)

Twice time to purge volume
(from FCV to steam generator)

12% of full load flow rate
(~ 480,00 1b/hr)

40,000 tc 80,000 1b/hr
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CGveler rozole 10 Lhe mein Teedvater nozzle (and preheater) by opening

" the feeduater control valve (FCY) and closing the feedwater control
bypass valve (FCBV). Although voids may exist in the preheater when the
transfer is pade, the feedvater temperature should have increased to the
point that the temperature differential between the steanm and feedwater
s sufficiently small that rapid condensation does not occur.

The feeduater bypass'syétem incorporates logic to control the automatic
opening and closing of the valves as required to ninimize the possibil-
ity of injecting cold feedwater into the preheater vhen voids may be

present. Functional requirements for this systen are provided in
Reference 1. '

2-2. DESCRIPTION OF THE FEEDWATER BYPASS SYSTEM

The Fecdwater Bypass System provides a connection between the upper
feedwater nozzle and the main feeduater line, as indicated in Figure
2-1. This bypass 1ine includes a feedvater control bypass valve (FCBY),
a feedwater auxiliary control valve (FACY):  a feedwater bypass flow
element (FBFE), a feedwater preheater bypass valve (FPBY), and a feed-
water bypass check valve (FBCY). The auxiliary feedwater system con-
nects to the bypass line betwecen the FBCV and the contzinment. A con-
nection is provided upstream of the FBFE for feedwater tempering flow.

The main feedwater line to each steam generator originates at the rain
feeduater header, which is downstream from the high pressure feedvater
heaters. Feedwater flows from the header through the feedwater control

“valve (FCV), the feedwater flow elenment (FFE), the feedwater preheater

check valve (FPCY) and through the feedwater isolation valve (FIV),
after which it enters the steam generator main feedwater nozzle and the
preheater,

To mininize the potential for occurrence of pressure transients in the

steam generator prehcater and in the feedwater piping connecting to the
steam generator, it is necessary to prevent the introduction of cold
water to the steam generator through the main feedwater nozzle at any
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time when significant void may be present. (HoweQer, the injection of

cold feediater at a very low, controlled rate is acceptable). During
§tartup. shutdoun, and certazin other operating conditicns, feedvater is
delivered via the bypass line and through the steam generator auxiliary
nozzle. At low flow rates (e.g., startup and shutdown), feeduater flow
is controlled by the FCBY. After the proper conditions have been estab-
lished, feeduater flow is transferred from the bypass 1ine to the main
feedvater line by opening the FCV and the FIV, and closing the FCBY.
Feedwater flow is controlled by the FCV from approximztely 20 percent to
70 pe-cent of rated loop feedvater flow rate. At hich feedvater flow
rates, the FACV is modulated open to permit operation 2t increasing
power levels up to the maximum permissible power level while limiting
flow to the preheater.

One of the conditions vhich nust be assured prior to cpening the FIV and
FCV consists of establishing the mininum rcgquired feel:ater temperature
throughout the feedwater system to ensure that cold feedwater will not
enter the preheater. This requires purging the cold feedwater from the
main feedwater line between the FCV and the steam gererator nozzle.

2-3. MAIN FEEDLINE PURGING

Replacing cold water in the nain.fced1ine with hot waier at a tempera-
ture which is above the required value is accomplished as discussed
belov. It should be noted that all cold vater nmust bz removed, and no
“pockets" allowed to remain. Redundant temperature m.asurenents are
provided in the feedline at each point which nay resist the displacenent
of cold water to ensure that all water in the feedwat:r system is above
the required temperature before the FIV is opened.

A small feedwater flow, bypassed around the FIV, may &e enployed to
purge the. cold water from the feedwater line between %<he FCV and the
steam generator. The arrangement shown in Figure 2-1 utilizes a small
bypass 1ine containing, the feedwater isolation bypass flow elenent
(FIBFE) and the feedwater isolation bypass valve (FIEV). The flow ele-
ment provides a trip signal to the stop valve when the flow setpoint is
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‘exceeded. Because the feedwater control valve (FCV) is not opened at
startup until all setpoints have been satisfied and the feedvater isola-
tion valve (FIV) has been opened, a feedwater supply for purging the
main feedline to the preheater is provided from the bypess line. Purge
flow is provided by a small line, originating in the bypass line down-
strezm from the feedwater control bypass valve (FCBV) and containing the
feecduater purge valve (FPY). This line connects to the main feedline
upstrean from the feedwater flow element (FFE).

2-4. AUXILIARY MOZZLE TEMPERING

A small, tempering flow is to be provided to the auxiliary nczzle at all
tines when the feedwater control valve (FCV) is open, except when a
feedvater isolation signal is activated:: This flow cools the inner
surfaces of the nozzle and adjacent connecting piping, vhile maintaining
the water tenmperature in the piping connecting to the nozzle at approxi-
mately feedwater temperature, thereby greatly reducing the thermal
stresses induce¢ in the nozzle and connecting piping when main feedvater
flow is initiated to the auxiliary nozzle through the feedwater control
bypass valve (FCBV) or the feedwater auxiliary control valve (FACY).

A mininun tempering flow rate of 1 percent of rated lcop flow (approxi-
mately 40,000 1b/hr) is required whenever the feedwater isolation valve
(FIV) is open. Flow interruptions are to be minimized and, insofar as

possible, to be limited to one minute duration.

=

The tempering flow plus potential feedwater control valve leakage may be
of such magnitude as to make steam generator water lcvel control diffi-
cult during periods of operation at very low power Ievel. To minimize
this possibility, automatic logic should be provided which closes the
FBTV when the FCV is closed, and opens the FBTV whenever the FCV is
opened.

Flow limiting and/or flow measuring devices (e.g., orifices, flow noz-

zles, etc.) used to establish tempering fiow rates should be inspectable
and provided with pressure taps for checki g flows during operation.
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nointerlock betieen feedwater flow and feecuater temperature is pro-
vided such that at any tine when either feedwater terperature or feed-
water flow drops after the plant is at bouer (temperature reduction due
}o a turbine runback, for example) feedvater is not isolated. This

‘interlock is required to allow load rejections without rcactor trips.

The principle for this part of the logic design is that no voids can be
formed if the feeduater flow is high and not inte}ruptcd, end rapid
condensation of void will not occur when the feedwater temperature is
above the setpoint. The feedwater temperature logic {discussed above)
which is interlocked with feedwater flow, is to ensure closure of the
feeduater isolation valve (FIV) in sufficient time to prevent introduc-
tion to the preheater of feedwater at a temperature less than the set-
point temperatdre vhen the feedwater is less than its setpoint value.

An interlock with steam generator water Tevel is proviced to prevent the
introduction of water into the preheater when the water level is exces-
sively low, and an interlock with steam generator pressure is provided
to prevent introduction of water into the preheater wt.2n the pressure is
excessively low. See Sections 2-7 and 2-8.

2-6. LOGIC DESCRIPTION - PLANT COMTROL AND PROTECTICH

The feedwater system control and protection logic is defined in Refer-
ence 9,

2-7. STEAM GENERATOR LOW WATER LEVEL

A 2/3 Yow water level signal in one steam generator imitiates feedwater
isolation to the preheater in that loop consisting of autematic logic
closure of the FI1V, FIBY, FPV, FCV and FBTV.

2-8. STEAM GENERATOR LOW STEAM PRE SSURE

A 2/3 low steam pressure signal in one or more steam generators ini-
tiates feedwater system isolation to the preheater inzluding automatic
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" nain feed pumps.
2-9. FEEDWATER ISOLATION BYP£SS LINE FLOW
A high flow rate th}oughthe FIBFE in any loop (that is, grecter than or

equal to Wgr) autonatically closes the FIBV in that loop where the
forward flushing arrangement is provided (Figure 2-1.) Re-opening of

the FIBY to re-initiate bypass flow requires operator action.
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KHSYO FEFINATIR BYPASS SYSTIM:  PiIVSED ARPANCGIMINT
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Figure 2-1. Main Feedwater Bypass Arrangement




s [OJIUOY) AOUMCLADINN AOILINIA | JOFLIDUDY wird

WRALA A AT N wl e

SOVERE S B el R Y A e
SO Gl IV A S e AR DuvE AR e

L T e L T e N Y )
SR Rl ey SR Tva M EVERS Eliveilll LY

PRy MAIVESE SIS
ML B W B ey SR slYeli

Wi wi A
e e T )

Ay

ARid
oD

ALIVA SUiwl il N B e el
BUNE A e N MY R e WM A

AEUINAS SAVAME MR WM TR ALY v sl

» LW T A AR B TR s el e A VART Al a0

SR ITECH e N M BN N BB A sliva U

‘ L T L LI AR LU
BAAAL AL NIV B e e AN
. YT T " TH IR T U TR U TR A LA LU U

i m
SRR .

o aew
Tron
AN

i . -3

35 - weaderg o1do *z-z  oandyy

!s
2

190 duwi
Sras an

i
ELE

s )
’i%g i
HH] :
~

%@ %@% @

L. ﬂf? .
* S

Pees sane (0

i sbiremn -l.

Ny iy

Q0

2-1C



sEcrion 3
INSPECTIONS AND TESTS

"3-1." INTRODUCTION

The folloving proposed test recormendations are inténded to serve as 2
guide in the deve!opmeni of & preoperational and stertup test program
for the feedwater bypass system. The primary purpose of such a progran
is to demonstrate that the system is properly installed and adjusted
during the plant startup so that it is capable of mininizing the poten-
tial for occurrence of pressure transients in the steanm generator pre-
heater and the feeduater piping connected to the steam generator. In

addition, the program should help to emsure proper systen operation and

to improve olant availebility.

In the following proposed tests, references are made to the Westinghouse
NSSS Startup Manual, although the feedwater bypéks sysyem is a BOP
(balance of plant) systen. Such a reference has been made since nany of
the inspections and tests suggested are considered good engireering and
construction practice and are similar to those performed on HSSS systems
as described in the startup manual. In addition, tests similar to those
perforned on NSSS safety systems and equipment are also sugoested for
the feedwater bypass system. Altlough the feedwater bypass system
serves no safety function, its proper operation is important for nain-
taining plant availability. The guidelines supplied hy Westinghouse for
the 1SSS, vhich serve as the basis for the Owner's detailed inspection
and tést procedures, can also serve as a general guide to the Owner in
preparing detailed procedures for inspection and testing of the feed-
water bypass systen. Westinghouse NSSS Startup Manual sections which
may be helpful to the Owner in developing test procedures are referenced
in the following paragraphs.

20860:1




3.2, SYSTEM ASSEMBLY IMSPECTIOMS AND TESTS

Following system assembly, inspections <hould be carried out to verify
the following:

o Mechanica) conponents are in good condition and properly
assembled to make up the systen.

o Layout of the system is satisfactory.

o 1&4C equipment is properly instz1led and in conformance with

industry standards.

General guidelines for carrying out such inspections on MSSS equipment
are provided by the startup manual in Section 1.1, Installed Equipnent
Inspection Progran. Applicable portions of this section may be used as
a guide in developing detailed procedures for inspecting the feed&ater

bypass systen.

After the system has been assenbled and inspected, the individual meche-
nical components (primarily valves) should be tested and, if necessary,
adjusted. The I&C equipment should also be tested and adjusted as nec-
essary. The prinary purpose for these tests is to establish that the
system is properly calibrated and fully operable. Ceneral gui elines
for carrying out such tests on NSSS equipment are provided by the
stert-up manual in Section 1.3, Integrity Test Progren, and Section 1.4,
Equipment Checkout, Initial Operationa, and Adjustment Program. Appli-
catle portions of these sections may be used as a guide in developing
detailed procedures for initial testing of the feedwater bypass systen.

During this phase of testing and adjusting the equipnent, the feedwater
isolation valve and feedweter control valve opening end c¢losing tine
should be verified to occur within the linits established by Westing-
house as presented in Reference 7. This document advises the maximum

rates of flow change.

3-2
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The inspections and test discussed ahove are to include the pressure
transducer installations in the feedwater piping near the steam genera-
tor nain feedvater nozzles as specified in Reference 7. This instrunen-
tation is required to monitor the magnitude of pressure pulsations
occurring in the feedwater piping.

3.10. SYSTEM LOGIC OPERATIOMAL TEST AND SETPOINTS VERIFICATION

The following system logic operational test and setpoints verifications
are to be conducted:

o Prior to taking the plant critical following fecdwater systenm
nodi fication, tests should be performed to operztionally check
the logic of the feedwater bypas;fsytem. Tests should include
a6a1og system tripping as well as logic train functioning.

o Procedures for operational tests of the Reactor Protection System
and Safequcrds System are supplied in Reference 5, Westinghouse
NSSS Startup Manual, Sections 2.7.2 end 2.7.3. These procedures
are for informational purposes only and may be used as a guide in
developing detailed test procedures for the feedwater bypass
system logic operational test.

o The safeguerds (feedwater isolation) functions of the feedwater
bypass systen valves chould be tested as part of the reactor
safequards systens functional test.

o Feedwater bypass system setpoints should be verified using proce-
dures similar to those described in Reference 5, Westinghouse
NSSS Startup Manual, Section 2.7.5. Such reference procedures
are for informational purposes only and may be vsed as a guide in
the deve npment of detailed procedures.

3-3
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3.11. SYSTEM CHECKS DURING POWER ESCALATIOH (SUBSfOUEHT TO FEEDWATER
SYSTEM MODIFICATION)

A nunber of checks should be perforned on the feedwater bypess systen
during the plant power escalation to ensure proper functioning.

(1) Ensure that there is no backflow leakage through systen check
valves. This is particularly important for valves vhich pro-
tect against backleakage of steam from the generator into the
auxiliary feedwater line. This valve is the FBCV.

(2) Measure the FIV bypass line flow by independent means and
recalibrate the flow instrunentation in the 1ine, if necessary.
(:) (3) lMeasure the time required to flush cold water fronm the main
feedline and ascertain that it is in agreemcit with previously
TN
calculated values.

(4) Verify the purge flow timer settings in each loop.

(5) Tests should be perfermed to operationally check the logic of
the feedwater bypass system. Tests should include checking
analog system tripping as well as logic train functioning.

(6) Check the calibration of the narrow range feedwater flow chan-
nels used in the FIV interlock. This operciion may be per-
(; - formed simultaneously with the calibration cf the_regu1ar steam
and feedwater flow instrumentation at power (Reference 5, West-
inghouse NSSS Startup Manual, Section 2.9.4).

(7) Measure the bypass line tenpering flow. This flow should be in
the range of 40,000 to 80,000 1b/hr when the FCY, alone, is
delivering feedwater to the stean generator (FCEV and FACV
closed). The applicable power range is approximately 15 per-
cent through 70 percent rated load.

(8) Check for leakage and excessive noise or vibration in the

cagn valves and lines.

f——
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(9) Carefully observe that the system operates satisfectorily when
the F1V¥ is initially opened. Any resulting steam generator
level transient when the valve is opened should be small (less
than plus or minus 10 percent level variation) and should not
cause an inadvertent reactor trip. Readjust valve opening or
closing times if necessary.

CAUTION

Adjustment of valve closing tines (for vaterhammer control
purposes) must not cause the valve closure time for Reactor
Protection System generated feedwater isolation signals to
exceed the maximum permissible closure time (typically 5 sec-
onds). .
(10) During the plant transient test progren verify the satisfactory
operztion of the feedwater bypass systen during a1l normal
operation transients. Operation of these systems should not
result in any inadvertent reactor trips under normal transient

conditions.
3-12. OMLINE TESTING OF FEEDWATER BYPASS SYSTEM

It is recormended that online testing of the feedwater bypass systen
instrumentation, controls, and remotely cperated valves be perforned
periodically similar to the testing of the Reactor Protection System to
deponstrate the continued relichility of the system (MNote: It is
recormended that a test period be selected which will ensure high reli-
ability of performance of this equipnent. It is further recormended
that the maximum operating period between tests not exceed 3 months. )

Periodic measurement of the anplitude and frequency of BOP induced con-
tinuous pressure oscillations is recommended to verify that the actual
magnitudes of the pressure oscillations at the stean generator inlet do
not exceed the allowable nagnitudes. See reference 7.

After the online test procedures have been prepared for the feedvater

bypass systen, it is requested that copies be forwerded to Westinghouse.

3-5
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SECTION 4
OPERATION

4.1, PREOPERATIONAL CHECKS

Prior to the initial startup, and before esch subsequent startup, proper
operation of the feedwater bypass system in<trumentation, controls, and
renotely operated valves is to be verified before cormencing heatup.

peference is to be made 1o Figures 2-1, 2-2, 4-1, and (-2,
4-2. NORMAL OPERATIOM
perforn the normal operation procedures of paragraphs 4-3 through 4-15.

4-3. PLANT HEATUP
~
(1) Ascertain that the F1V and FIBV are closed. The FPBY is

open and the FCBY may be available for controlling flow if
the condensate punps or nain feed pumps ére operating to
provide feedwater to the steam generators prior to , OF
during, heatup. For these components to be available for
operation, the low pressure trip logic (and possibly the
low level trip logic) signals nust be blocked. Alter-
nately, the auxiliary feedwater system may be used to pro-

B vide feedwater, ir which case the FCV, FCCV, and FACV may
be closed.

CAUTION

Water level is to be naintained above the tops of al) stean
generator tubes during heatup. pelay heatup, if necessary,
until the required water level is attained. Failure to do sO
could result in tube corrosion.




(2) Establish water level in 211 stean generators, alloving for
expansion during heatup, S0 that the water level will be at
the progremed level when no-1o0ad conditions are reeched 2t
the end of heatup.

(3) Confirm that the feedwater eutonatic logic control system
js energized and in service. Ensure that valve positions
are as indicated on the logic diagren (Figure 2-2). This
control system is to be in operation at a1l tines (to mini-
nize the possibility of delivering cold fc »dvater to the
main feedvater nozzle) when the stean generator temperature
js greater than 140°F. (SG temperature ney be assuned to
be the same as the RCS wide range ¢old leg tenperature.)

(4) Proceed with heatup and no-load conditions. Adjust the
water level, as required, using steam relief or blowdovn to
reduce level, or adding feedwater to increase level.

4-4, HOT STANDBY AND LOW POWER OPERATION (ZERO 70 APPROXIMATELY 20
PERCENT MWt)

perforn the following steps to initiate hot standby and low power opera-
tion:

(1) Ascertain that the F1v, FPY and FCV are closed. A1l feed-

water delivery to the steam generator must be made via the
- : auxiliary nozzle. As long as the feeduater requirenents

are small (approximately 3 percent of rated feedwater flov
or less), the auxiliary feedwater system may be used as the
source of supply, Of the main feed systen nay be used with
flov through the FCBY and FPBY. The FCBY will nornally be
operated in the automatic node with the Low pover Automatic
Feedwater Control System controlling stesn generator level.

- ' 4-2
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(2)

(3)

(4)
(5)

O (6)

(7)

(8)

The FPBY, vhich receives protection grade feedvater isola-
tion signals only, is open.

Open the FIBY and FPV (operator action required) in each
loop after the conditions of steps (4) through (7) have
been established in that loop.

Check that the steam generator pressure is above setpoint
PL.
Check that the steam generator water leve! is above set-
point Ls.

Maintain steady steam flow and steam pressure in each loop
for approximately 5 minutes prior to estzblishing the
flushing flow, and for about 5 minutes after the FIBV and
FPV are opened. During this 10-minute ‘flushing initiation
period, the FIBY is to be closed irmediately if a rapid
decrease in stean pressure of 50 psi, or greater, occurs.

Open the FIBV and FPV and establish bypass flushing flow
irmediately before synchronizing the main turbine-generator
unit., (It is desirable to minimize the time at this low
flow level to minimize any potential effect on feedline
nozzle/piping.) Initiating the flushing flow at this time
should provide a continuous purge of the main feedwvater
pipe downstream of the FCV as the feedwater temperature
increases with load, thereby minimizing the potential for
flow stratification during the flushing cperation.

In each loop ensure that the rate of flow through the FIBV
is higher than the mininum flow but deces not exceed the
trip flowrate NBT-




2086Q: 1

(9)

(10)

(1)

Increese the pover level until feeduater temperatures
tetween the FCV and the stean generator exceed setpoint
T3. (Refer to paragraph 5-2 and table 2-1). The con-
trol logic in each lcop will open the FIY when all the
following conditions have Leen net: .

o Loop feedwater temperatures heve beer above setpoint

T3 for a period of time not less than the timer set-
ting (r), '

0 Loop purge flow has exceeded the nominal setpoint value
Wg, for a period of time not less than the timer
setting (v1), and has not exceedea the trip set-
point value Wyr duriné:this period.

0 Stean generator water level is above setpoint Ls.
T

0 Steam generator pressure is above seipoint PL-

Minimize operation at low pover levels. (Refer to para-
graph 5-2).

Transfer control in each loop from the FCBY to the FCV at
epproxinately 20 percent pover by first placing the FCV in
autonatic control, tre FCBY in manual conmtrol, and then
slowly closing the FCBV. This transfer flow from the stean
generator euxiliary nozzle to the main feedvater nozzle,
closes the FPY ana FIBY and opens the FBTV.

Alternatively, both the FCBV and FCV may be put in nanual
control. The £CV is slowly opened manua?ly while the FCBV
is slowly clesed to maintain relatively constant flow to
the stean generaior. Once the FCBV is fully closed, the
FCV can be put in AUTO control.

4-4 -
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(12) Ensure that teupering flow is estubliﬁhed tu the auxiliary
nozzle in each loop. Tins flow nust be not Tess than
40,000 1o/hr per loop tou linit thernmal shock of the aux-
iliary nozzle.

4-5, POMER ESCALATION (LOW POWER UF APPFOXIMATELY éb PERLENT MWt TO
APPROXIMATELY 70 PERCENT Mit)

Escalate pover, ¢s desired, 1n accordance with applicable proceoures.
Feeavater flow, between approxinately <0 percent load and approximately
70 percent load, will be controllea by the FCV ano delivered to the
prehieater. The naxinun steady-state feedvater flow rete to the pre-
heater is to be liuited to 70 percent of loop rated (~ 2.8 x 106
1b/nr). The FETV eng FPoY are upel g€l fvering tetpering tlow to the
auxiliary nozzle. ;

4-6. PUKER ESCALATIUK (APPRUXIMATELY 70 P£KCEN? Mt TU HAXINMUM PUREK)

Escalate puver, as desirea, in accoraance with applicanle prucecures.
Feeavater flows in excess of 70 percent luup ratea flow will be con-
trollea autouatically by tie FACY ana celiverea to the auxiliary nozzle
through the bypass line. (Steaw generator level will pe cuntrullec by
the FLY witih the FACY acting to limit feeavater tluv tu the preheater to

70 percent of lvop ratead fluv.)

1f the plant is operatea at the eract steaoy-stale puuer level ot which
tie FACY begins to open (setpuint in keterence b), swall flow vscilla-

tions may cause this to cycle. If this occurs, cycling can pe stoppen

by increesing or gecreasing the plant pover level @ stell atount, or by
putting the valve in pnanual controul until the power level is changed.

4-7. PUWER REDUCTION (MAXIMUM PUWEKR TU APPRUXIMATELY 70 PEKCENT MKWT)
Reduce power, as cesirea, in accoraance with applicable prucedures. The

£CV will control autuuatically tie steaw generator level vith the FALY
acting autonatically o 1imit flou through the FCV 1o the prelicater to

70 percent of loop rated flov.

4-5
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4-0. PUWER KEDUCTIUN (APPRUXIMATELY 70 PEKCENT ikt TU APPRURIE
20 PEKLENT bint) L

Keauce powver, &5 cesired, in accuraance Jith epplicenle proceuures. The
F1V ana FLV are vpeh gelivering feeavater W the wain fecovater nozzle.
The FBTY and FPBY are open gelivering tenpering flov T the suxiliary

nuzzle.

4-y. POKER REDUCTION (APPROXIHATELY ¢V DEKCENT MKt Tu EROD PUWER AlD
HUT STANDBY)

The F1v, FCV, FBTV ana FPEY are upen delivering teeauater to the wain
feeawater nuzzle and tenpering flow tu the auxiliary nozzle. The FCBY,
FACY, FPY ana FIBY are clused. L

Transfer fecaualer flow control in each Youp fruuw the FCV to the FLBY at
approximate\y 20 percent pover py first p\acing”the FCLY in autuuatic
control, the FCV in wanual cuntrol, and then slovly closing the FLY.
(Refer to paragreph 4-4(11) for alternaté flow transfer proceoure.)

This transfers feeavater flovw from the stedn generator pmain feeaouater
nozzle (and preheater) to the auxiliary nozzie. The FIv will rengin
open until the feedvater teuperature is reducea to @ value less than the
setpuint, at vhich tiue 1T will autouatically close.

The FIBY and FPY vill upen autonatically o re-establish purge flow ana

the FYTV will close autcnatically.

NUTE

The FIV and FCY are closed. The FlbY and FPY
are vpen. The FLBY and FPBY are open girecting
feedvater flow to the auxiliary nozzle. Feeds
water flov control is un the Feey. Al feed-
vater aelivery to the stean generator Lust be
page via the auxiliary nozzle, with the excep-
tion of a stiall contrullea flov through the
Fisv. If the turbine-generator (T-G) unit s

trippea (thereoy rerninating feeuweler neating)

4-6
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ana the intention is to shourtly return the plent
tu pover, the FIBY shoula be clused until the
T-G unit has been relozced ana feeovater heating
reestablished. Then the FIBV shivula be upenea
as the feedveter tenperature appruvaches the
tenperature uf the wvater in the feealine between
the FCV ana the steal generator. The cvbyective
is to avuia cisplacing hot vater in the fecdline
wvith ccla wvater vhiich ney result in unwesirable
‘stean generator feeauater nozzle theral
stresses.

Minitize operation at low pover levels. (Kefer to paragraph 5-2.)

(1) When the ceterninatiun is nace to go to zeruv lvad hot stanaby,
hot shutoown, or to cola shutdown, close the F1Y, FIsV ana FPY,
if open. ™

When the feeowater requirenents have been reduced tu approxi-
wately 3 percent of rdted feedwater flow or less, the feewiater
supply way be shiftea to the auxiliary feeanater system, if
aesirea.

4-10. PLANT COCLDUWN

Perfoma the following steps to achieve plant coolavvm:

NOTE

The plant is at hot standby with the feediater
autonatic lugic control system in service. All
feedvater celivery is to the auxiliary aczzle.
The F1Y, FCY, FIBY anu FPY are closea. Use of
the auxiliary feeavater Lay be preferrea for
coolavwn. [f the main fecovcer systew 1s usea,
it is necessary tu tenporarily block the low




pre-sure trip logic signals tu the FLBY éna
feecwater punips. 1f the bypass piping is not
used to provide feecwater througin the FPBY ww
the duxiliary nozzle, then the FPBV ana FLBV are
tv be closea.

(1) Maintain the fecovater automatic lugic cuntrol systew in ser-
vice at 211 tiues (to prevent delivery of cula feecavater to the
main feeavater nuzzle) when tie stean generator tenperdature is
greater than 140°F.

(2) The water level in each steau generator is to be uaintained
above the tops of the hignest tubes throughout the cooldowi to
140°F. (Reference 3, paragraph JU.z.1). If lowering ihe vater
.]evel. or araining the steaw generator, is plannea follwang
cuolduwn, the stean generator water level st nut Le louwereu
to less than 30 percent uf wicge range level span until the
stean generator teuperature has been reauced to 140°F and
nitrogen or air has been intruauceq intu the steaw generator
shell. This should wininize the poutential for @ vaterhauner to
occur in the steam generater or the feedline.

4-11. TRANSIENT OPERATION

!
Perfora the transient vperation pruceaures of paragrapus 4-12 through
4-15 vhen appropriate. |

4-12. LOAD KEJECTION

The effect of load rejection un the feeauater systen is influencea by
the pover level prior to the icea rejection ana the percentafe power
change. The effects are greatest for full lvad rejection fron rated
loaa, end are less for reyections of simaller percentage.

Iueaiately following load rejection, the steau generator stedi pressure
increases aue to the reduction in steaw flow v the turbine-generator
unit. The incresse in steal pressure causes & decrease in steair yenera-

tor vater level with a resultant increese in cemana for feeovater flow.

4-8
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level. This uay be accouplished witch the auxiligry feedvater

syster if the nain feevvater systeiw is not availalie,

For couldoun, liot stancby, or low pouer cperztion, refer Lo the
proceaures of paragraph 4-2, Nurual Uperczivn.
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FINAL FEEDWATER TEMPERATURE (°F)
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WESTINGHCUSE PRCPRIETARY CLASS 2

11.577-9

$-LOOP PLANT
3-L00P PLANT

2-L00P PLANT

ASSUMPTIONS:

I. NORMAL CYCLE OPERATION
2. ALL FEEDWATER HEATERS IK SERVICE
3. KO STEAM DUMP FLOW

NOTE:

OBTAINED FROM PERFORMANCE E®TORMATION

GEKERATOR HEAT BALAMCE DATA)

I<———— T-G UNIT SYNCHROKIZED AND

| LOADED TO ~ 57 Mag.
|

i sk COEE TP 15 LR el Gk el N

THE VALUES PRESENTED ARE TYTICAL. VALUES
APPLICABLE TO A SPECIFIC PRUJECT SHOULD BE

DEVELOPED FOR THAT PROJECT {e.g.. TURBINE-

S

10 20 30 40 5 60 70 80 S0 100

PERCERT RATED MWt LOAD

Figure 4-1. Typical Final Feedwater Temperature vs
Percent Rated MWt Load
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Figure 4-2. Steam Generator programmed Water Level Versus
Percent Rated NSSS Power (SG ¥odel D4)




SECTION 5
PRECAUTIONS AND LIMITATIONS

5.y. LOGIC CONTROL SYSTEM OPERATION

The feedwater autonatic logic control system pust be in cervice at all
tines vhen the ¢team generator temperature is greater than 140°F to
prevent delivery of cold feedwater to the main feeduater nozzle.

5-2. LOW POWER OPERATION

At low power levels, with feedwater delivery to the auxiliary nozzle,
void may be present in the preheater. 3 potentia\ exists for the
preheater to be affected by void due to ef?ects such as chemical
concentration and deposition of inpurities. To limit preheater exposure
to these potential effects, prudent operating practice indicates
liniting the period of operation at low power \éve\s-when feedwater flow

is delivered only to the upper nozzle.

when feasible, consideration may be given toO using steem dunp to
supplenent turbine load to avoid operation in the low load range.

5-3. TRANSFER OF FEEDWATER FLOW CONTROL

It is recormended that the transfer of feedwater f1ow control between
the feedwater control bypass valve (FCBV) and the feedwater contro)
valve (FCV) be accomplished at approximate1y the 20 percent power level
to enhance stable feedwater control throughout the transfer. (The
transfer can be nade at the power level where the linearity of the steam
and feedwater flow signals permit the high power feedvater control
systen to function properly. This typically has been found tO pe in the

range at 15 to 20 percent power.)

INne




5-5. STEAN GENERATOR WATER LEVEL

The water level in each stean generator'is to be nmaintained above the
1top of the tubes throughout cooldown to 140°F. If lowering the water
level or draining the steam generator is planned follcwing cooldoun (for
exanple, internal maintenance of the steam generator}, the stean
generator water level nust not be lowvered to less them 30 percent of
wide range level span until the stean genera{or tenperature has been
reduced to 140°F and nitrogen or air introduced into the steam generator
shell, thereby minimizing the potential for water hamrer or feedline
snapping in the steam generator or the feedline.

5-6. REDUCED FEEDWATER TEMPERATURE

Operatioﬁ with reduced feeduater teuperature to the sticam generators
(for example, with one or more HP feedwater hecters oot of service)
results in increased steam pressure at a constant MWt power level. The
pressure increase is approximately 1 psi for each 1.5°F decrease in
feedwater tenperature. Should extended operation at reduced feedwater
tenperature be contemplated, consideration should be given to reducing
the reactor coolant system avarage tewperature to mair.tain steanm

pressure at the design value with all feedwater heaters in service.

Full load nominal steam pressure riust not exceed 1000 psia with partial
load steam pressures prorated accordingly.

5-7. .OPERATOR BACKUP

Although the feedwater automatic logic control systemr is designed to
automatically function to minimize the potential for occurrence of
pressure pulses in the preheater, the operator should be fully aware of
the conditions (Figure 2-2) to be avoided. Moreover, the operator
should be fully awvare of the functions which the control systen is
designed to perform when setpoints are exceeded so that the operator

5-2
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will be femiliar with the control systen and will recognize any

nonperfornance of the control system and take appropriate and tinely

manual action. The following criteria are presented 1o assist the

gperator in this regard:

2086Q: 1

The trip flowrate Wyr through the feedwater jsolation bypass
valve in any loop nust not be exceeded.

1f stean generator vater level falls below the narrow range
span in two or nore level channels.in any loop (thereby
tripping the plant), then the nain feedwater regulating valve,
the feedwater isolation valve, and the feedwater jsolation
bypass valve should be closed in the affected loop (preferably

4in that order of initiation).

I1f steam generator pressure in two or more pressure channels in
any loop decreases to the setpoint valdb, then the following
actions should be taken (preferably in the following order of
initiation):

Trip 211 main feedwater pumps

Close the main and bypass feedwater regulating valves in all

loops.

Close the feedwater isolation valve and the fredwater isolation

bypass valves in all loops.

Tempering flow, at a flowrate not less than ¥y, is to be
provided to the auxiliary nozzle at all times when the FCV is
open, except when a feedwater isolation signal exists.




5-8.

FEEDWATER DCLIVERY AT LOW FLOW RATES

At very low load o hot standby conditions, when the feedwater flew to
each stean generator is nininal, the operator nay be inclined to slug
feed ‘the steam gencrators (intemittent feedwater delivery) if the plant
design does not provide for feedwater control under these conditions.
Slug feeding can cause large thermal stresses which may lead eventually
to cracking of the stean generator feedwater nozzle cr feedwater

piping. Therefore, it is recommended that feedwater dclivery (both main
and auxiliary feedwater) to the steam generators at low flow conditions
be continuous rather than intermittent. (Reference 2.)

5-9. PREHEATER EXCESSIVE FEEDWATER FLOW RATE

The maximum steady-state feedwater flow ;ate to the prcheater is to be
limited to epproximately 70% of loop rated flow (~2.8 x 106 1b/hr).

Any additional flow will be delivered through the bypess piping to the
auxiliary nozzle. An automatic controller is provided for the FACV to
perform this function. A preheater high flow alarm will be provided
with a delay timer to alert the operator to an excessive flow condition
such as might be caused by a falure in the FACY contrcller. The timer
is provided to permit flow transients to stabilize before the alarm is
activated in order to eliminate unnecessary alarms.

In the event the preheater excessive flow alam is activated, the
operator should confim that flow to the preheater is, in fact, above
the flow limt. If the preheater flow is above the flow limit and this
condition is not the result of a plant transient, then the operator is
to take pronmpt action to reduce the flow rate to the preheater to less
than the flow limit. This may be accomplished by placing the FACV
controller in the nanual mode and adjusting the valve position to obtain
.an acceptable flow rate into the preheater.

2086Q:1




1f the FACV controller should be inoperative, the FC2V can be operated
in the nmanual mode to obtain 2 higher power level then can be attained
with the FCV alone. The altcrntive is to reduce power level to a value

consistent with preheater feedwater flow linit.

5-10. FAILURE OF FACV AUTOMATIC CONTROLLER

It is intended that the FACY will operate at all tipes in the automatic
node. However, an AUTO/MANUAL control station will be provided to
pernit the operator to operate the FACY in manual comtrol should the
automatic contr011er%fail to operate properly. In this event, the |
operator should place the controller in the nanual pode and adjust the
valve position to maintain the flow to the SG preheater at a flow rate
less than the preheater flow limit. Adjustment of the FACY position
will be required as changes are made in‘the powver lewel and changes in
the condensate and feedwater systems operating parameters.

" o
Care is to be exercised on decrease in power level so© that, while the
FACV is open, the feedwater flow to the preheater do=s not decrease
below the total feedwater flow value at which the FACY is progremmed to
open on load increase and to close on load decrease. This flow rate is
approximately 60% of loop rated flow (~2,40U,00U lofir). The FALY is
to be closea when the total feeoweter flow rate is reguced tu this

setpoint value.

5-5
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SELTIUN o
KE LOMMEKDAT 10NS

, * The uccurrence of 1ow steal generator water level L, snoula
.autuuatically initiate isolation of prenecter fluw to the affecteo
feedawater loop(s) as inaicatea in Figure 2-¢. To reauce the iupact on
the steali generators en/or the feeaweter lines, it is recuntienced thet
the isolation in the affected lvop(s) be initiatea in the order listea
to recuce the severity of the transient. Llose the main feeuvater
requlating valve (FCV) close the feedweter isoletion anu feeawater
isolation bypess valves. (F1V ana FIBY). The adjustuent of valve closure
tites ay be requirea so that ungesirable pressure pulses are not
procgucea.
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