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SECTION 1 1.,

' PURPOSE
.

-
.

The operating procedures furnished in this document are intended to
I-

assist plant operators in the preparation of detailed operating proce-
dures for the feedwater bypass system. The procedures are written with
specific applicability to the KRSK0 feedwater system modifications. '

After the '0wner has prepared the procedures for the plcut, using the
procedures provided in this document as a basis, he is requested to'

,

forward them to Westinghouse.
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SECT 1011 2 I
~

'
'

SYSTEM DESCRlPTION-

d2 l. BACKGROUllD, ,

~

Under certain operating conditions (without the recommended feeduater
*

system modification), thi possibility exists for pressure pulses (some-
times referred to as waterhamer) to be generated in the prehea.ter 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 efficichey, reduced electrical out-
put, loss of plant availability, or other undesirable effe< s. A mecha-r.

nism which can produce pressure pulses i.n,a confined space, such as in
*

feedwater piping or a preheater, is the formation of one or more _ steam
(,.T

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 cause a pressure pulse. Thi s
~

~

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

be formed in the preheater at low load conditions when the flow rates
are very low. Continuous heat input from the reactor coolant fluid in
the tubes causes evaporation to occur, with consequent forming of voids.

To minimize the potential for the conditions described above, the feed-
,

water bypass system modifications shown in Figure 2-1 are incorporated !
i

to prevent cold feedwater from being introduced directly to the pre-
(' ' heater (through the main feeduater nozzle) when voids c:ay be p' resent in

'

the preheater. (However, the injection of cold feedwater at a very low,
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 steam 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 feeduater flow may be transferred from the auxiliary feeduater

.

.

*
.-

.

.-
,

2-1

20860:1 ..

-



.

*
,

LIMITATI0tlS A!!D SETPOINTS - 1%I!J FEEDWATER BYPASS
~

SYSTEM - COUNTER-FLOW PREHEAT STEAM GEllERATORS

. ~

'

Parameter Setpoint*

SG level L 5% of narrow range span3 - ,

SG pressure p Low steamline pressure safetyl -

' . - injection setpoint less-

50 psi (but not less than,

r
' 600 prig) '

O Feedwatestenperatureto ';- 250 eT3
main nozzle

--

. , ,,

FIV bypass flow (Fig tre 2-1) .

Nominal W 90,000 lb/hrB
-

~

Minimum W 80,000 lb/hrBL
-

Trip W 100,000 lb/hrBT
-

Timers

Level Zero seconds'l
-

Temperature
T Twice time to purge volumet -

(from temperature sensor nearest
steam gencrator to steam( ,

ge'nerator) -- -

Flow 'F - Twice time to purge volume
(from FCY to steam. generator)

Preheater Flow Isolation W - 12% of full load flow ratePR
(s 480,000 lb/hr)

Tenperating flow to auxiliary W 40,000 to 80,000 lb/hrT
-

nozzle -

.

-
-

-
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setoccwr r.uam te uie astn teecuater nozzle (ans) preheater) by opening

' the feeduater control valve (FCV) and closing the feeduater control
'

bypass valve (FCBV). Although voids may exist in the preheater when the
transfer is made, the feedeater temperature should have increased to the

-

;
joint that the temperature differential between the steam and feeduater

|,

is suf ficiently small that rapid condensation coes not occur.
.

The feeduater bypass'sys" tem incorporates logic to control the automatic
'

opening and closing of the valves as required to ainimize the possibil- !

ity of injecting cold feedwater into the preheater when voids may be i

present. Functional . requirements for this systea are provided in -

IReference 1. j

I2-2. DESCRIPTION OF. THE FEEDh'ATER BYPASS SYSTEM i
-

Q
*

? |
+

The Feedwater Bypass System provides a connection between the upper :

feeduater nozzle and the main feeduater line, as, indicated in Figure
,

2-1. This bypass line includes a feedwater control bypass valve (FCBY),
,

i

a feedwater auxiliary control valve (FACV): .a feedwater bypass flow a

element (FBFE), a feedwater preheater bypass valve (FPBY), and a feed-
water bypass check valve (FBCV). The auxiliary feeduater system con-
nects to the bypass line betucen the FBCV and the containment. A con-

nection is provided upstreaa of the FBFE for feedwater tempering flow. r

c
'
,

The nain feedwater line to each steam generator originates at the r.ain
|

~

i-

feeducter header, which is dcunstream frca the high pressure feeduater : -

heaters. Feedwater flows from the header through the feedwater control
3,

'
- valve (FCV), the 'feedwater flow element (FFE), the feedwater preheater {
check valve (FPCV) and through the feedwater isolation valve (FIV), |
after which it enters the steam generator main feedwater nozzle and the !

preheater. D

i

, To minimize the potential for occurrence of pressure transients in the -

steam generator preheater and in the feedwater piping connecting to the -

steam generator, it is necessary to prevent the introduction of cold h
water to the steam generator through the main feedwater nozzle at any i|

.!

- . -
t-

_
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,

time when significant void may be present. (However, the injection of |
*

cold feeduater at a very low, controlled rate is acceptable). During f
'

startup, shutdoun, and certain other operating conditions, feeduater is
-delivered via the bypass line and through the steam generator auxiliary.

nozzle. At low flow. rates (e.g., startup and shutdown), feeduater flou
.is controlled by the FCBY. After the proper conditions have been estab-

'

lished, feedwater flow is transferred from the bypass line to the main
feedwater line by opening the FCV and the FIV, and closing the FCBY.
Feedwater flow is controlled by the FCV from approxicately 20 percent to

,

70 percent of rated loop feedwater flow rate. At high feeduater flow q

rates, the FACV is modulated open to permit operation at increasing
. power levels up to the maximum permissible power level while limiting

flow to the preheater. .,

.

O One of the conditions which cust be assured prior to cpening the FIV and
FCV consists of establishing the minimum rcquired feeCerater temperature
throughout the feedwater system to ensure that dold feedwater will not

-

enter the preheater. This requires purging the cold feedwater from the
-

,
.

main feedwater line between the FCV and the steam generator nozzle.

2-3. MAIN FEEDLINE PURGING.
.

Replacing cold water in the main feedline with hot unter at a tempera-
ture which is above the required value is acccmplished as discussed

bel ou. It should be noted that all cold uater must be renoved, and no

" pockets" allowed to remain. Redundant temperature measurements are
~

~

{ provided in the feedline at each point which cay resfr.t the displacenent
of cold water to ensure that all water in the feedwater system is above

.

the required temperature before the FIV is opened.

A small feedwater flow, bypassed around the FIV, may be enployed to

purge the. cold water from the feeduater line between the FCV and the

steam generator. The arrangement shown in Figure 2-1. utilizes a small

bypass line containing, the feeduater isolation bypass flou~ element
*

(FIBFE) and the feedwater isolation bypass valve (FIET). The flou ele-
.

'

ment provides a trip signal to the stop valve when the flou 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 feeduater isola-
tion valve (FIV) has been opened, a feeduater supply for purging the
main .feedline to the preheater is provided from the byptss line. Purge

},

flow is provided by a small line, originating in the bypass line doun-
streca from the feeduater control bypass valve (FCBY) and containing the .

feeduater purge valve (FPV). This line connects to the main feedline -

upstream from the feedwater flow element (FFE). .

,

'
tj2-4. AUXILIARY !!0ZZLE TEPPERING

- *

i

A small, tempering flow is to be provided to the auxiliary nozzle at all I

times when the feedwater control valve (FCV) is open, except when a
feedwater isolation signal is activated.$ This flow cools the inner

Q surfaces of the nozzle and adjacent connecting piping, while maintaining
the water temperature in the piping connecting to the nozzle at approxi-

'

mately feedwater teoperature, thereby gr.eatly reducing the themal -

stresses induced in the nozzle and connecting piping when main feeduater ,

flow is initiated to the auxiliary nozzle through the feedwater control
I

bypass valve (FCBV) or the feedwater auxiliary control valve (FACV). ,

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

I

possible, to be limited to one minute duration. i

-

-. The teiapering flow plus potential feedwater control valve leakage may be
of such nagnitude as to make steam generator water level control diffi-
cult during periods of operation at very low power level. To minimize
this possibility, autoaatic logic should be provided which closes the
FDTV when the FCY is closed, and opens the FBTY whenever the FCV is

opened.

Flow limiting and/or flow acasuring devices (e.g., orifi:es, flow noz-
zles, etc.) used to establish tempering flow rates should be inspectable
and provided with pressure taps for checki::g flows during operation. ',

_ . _ |
-

:

_

i
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The arrangement of the tempering line i's to minimize the amount of cold
' water in the bypass line which will be delivered to the auxiliary nozzle

'

when eithe .he FCBY or FACY is opened.
,

2-5. LOGIC DESCRIPTION - STEAM GENERATOR PREHEATER WATER HAMlER CONTROL
{

r |

The logic for a single loop is shown in Figure 2-2. The logic is
designed to minimize the potential for occurrence of pressure transients
by preventing the introduction of cold water to the steam generator
through the main feeduater nozzle at any time when significant void may

,,.,

Temperature measurement is provided in the feedwater pipingL be present.
between the FCY and SG at points where. gold. water may tend to resist

C) displace;>ent during the purging operation (TF). The basic concept is
that feedwater flow is blocked from the main nozzle by closing the FIV
at any time when the temperature of tfie water is low and the feedwater
flow is lou. Additional logic is provided to ensure that the feeduater '

line is wam prior to opening the FIV; to a.llow design transients, such
,

as load rejections, without reactor trips; and to prevent the introduc-
tion of water to the preheater'when either the steam generator water

~

level or pressure is excessively lou.

Feedwater temperatures (TF) and feedwater isolation bypass line flow
signals are used to ensure that the line has been completely purged of
cold water and filled with warm water frca the main feedvater system

be_ fore the FIY is opened. (Hote: The feeduater temperature at all
,

,(
_ measu' red points must be equal' to or above, the setpoint tem;ierature

| before the FIV is opened.') Timers are provided in the logic for the FIV
bypass flow and each feedwater temperature. The timer on the flow

|
signal ensures that'the flow has been present for a sufficient time to
ensure that any false high temperature signals due to backflow from the
steam generator (when the main feedwater pumps are off) are no longer,

present. The other timers ensure that the line is swept from the tem-
,

perature sensor into the steam generator. ,

!
'

.:
,

-
-

-
.
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An interlock between feedwater flow and feeduater. tenperature is pro- ||,

vided such that at any tine when either feeduater tecperature or feed-
water flow drops after the plant is at power (tenperature reduction due
to a turbine runback, for example) feeduater is not isolated. This j,

*inte? lock is required to allow load rejections without reactor trips..

The principle for this part of the logic design is that no voids can be
,

fomed if the feeduater flow is high and not interrupted, and rapid
,

condensation of void will not occur when the feeduater teaperature is
above the setpoint. The feeduater temperature logic (discussed above)

. which is interlocked with feeduater flou, is to ensure closure of the
feeduater isolation valve (FIV) in sufficient tine to prevent introduc-

. tion to the preheater of feeduater at a temperature less than the set-
point temperature when the feeduater is less than its setpoint value.s

...

O An interiock with stean generator water level is provided 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 ut.en the pressure is
excessively low. See Sections 2-7 and 2-8.-

.

2-6. LOGIC DESCRIPTION - PLAllT C0t1 TROL AllD PROTECTICH

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

2-7. STEAM GE!!ERATOR LOW llATER LEVEL

( - -

A 2/3 lou water level signal in one steam generator initiates feeduater
isolation to the preheater in that loop consisting of automatic logic
closure of the FIV, FIBV, FPV, FCV and FBTV.

2-8. STEAM GE!!ERATOR LOW STEAM PFISSURE

A 2/3 lou steam pressure signal in one or more steam generators ini-
tiates feeduater system isolation to the preheater in.cluding automatic

.

-|
-

-

.-

- -
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|1.

nain feed pumps. '*
.

;

.

2-9. FEEDl!ATER ISOLATION BYP/.SS LINE FLOI1 !

.

_''
. .

A high flow rate throughthe FIBFE in any loop (that is, greater than or
equal to llBT) autoaatically closes the FIBV in that loop where the .

forward flushing arrangement is provided (Figure 2-1.) Re-opening of -

the FIBV to re-initiate' bypass flow requires operator action.
-

.

. .

.

,. .

'

.

. . .

O ~;
'

'

-
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IllSPECT10!15 Afl0 TESTS i

~

i

, ~ 3 - 1.~ lilTRODUCT10tl

.

The following proposed test recomendations are intended to serve as a
-

'
!-

guide in the development of a preoperational and startup test program '

for the feedwater bypass system. The primary purpose of such a prograa
I

is to demonstrate that the system is properly installed and adjusted
'

during the plant. sta{ tup so that it is capable of miniriizing the poten- '
4

tial for occurrence of pressure transients in the steca generator pre-
Inheater and the feedwater piping connected to the steam generator.

addition, the program should help to ens.ure proper system operation and
|

.

to .iaprove plant availability. .

~

O '

In the follouing proposed tests, references are made to the Westinghouse '

'

flSSS Startup Manual, although the feedwater bypass sysyen is 'a BOP '

(balance of plant) system. Such a reference has been made since cany of
.

the inspections and tests suggested are considered good engir.eering and
construction practice and are similar to those performed on llSSS systems
as described in the startup aanual. In addition, tests similar to tilose

perforced on 11555 safety systems and equipment are also suggested for
the feedwater bypass system. Alt |.ough the feedwater bypass system
serves no safety function, its proper operation is important for main-
taining plant availability. The guidelines supplied by Westinghouse for
the !!SSS, which serve as the basis for the Owner's detailed inspection

, and test procedures, can also serve as a general guide to the Owner in
{

preparing detailed procedures for inspection and testing of the feed-
Westinghouse !!SSS Startup Manual sections whichwater bypass systen. *

may be helpful to the Owner in developing test procedures are referenced
in the following paragraphs.

,

,

.

.

_
'

.

_
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3-2. SYSTEM ASSEMBLY IllSPECTIONS AllD TESTS
.

f
-

.

"

Following system assembly, inspections should be carried out to verify ,

f
> -

the following: g'

.

~

Mechanical components are in good condition and properly to
'

|assembled to make up the system.

Layout of the systen is satisfactory.o
~

.

I&C equipment, is properly installed and in conformance witho

industry standards.

General guidelines 'for carrying out such inspections on llSSS equipment
are provided by the startup manual in Shetion 1.1, Installed Equipaent
Inspection. Prograa. Applicable portions of this section may be used asi

a guide in developing detailed procedures for 'ihspecting the feedwater .
,

bypass system. .

.

After the systen has been assembled ~end inspected, the individual necha-

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 pricary purpose for these tests is to establish that' the
systen is properly calibrated and fully operable. General guicelines

for carrying out such tests on NSSS equipment are provided by the
st. art-up aanual in Section 1.3, Integrity Test Program, and Section 1.4,

.~Appli-
C _ Equipment Checkout, Initial Operationa, and Adjustment Program. "

cable. portions of these sections may be used as a guide in developing
detailed procedures for initial testing of the feedwater bypass system.

.

During this phase of testing and adjusting the equipaent, the feedwater
isolation valve and feedwater control valve opening and closing time
should be verified to occur within the limits established by Westing-

house as presented in Reference 7. This document advises the maximum
i

rates of flow change. '
,

!.

.

a

we ep

!

- 3-2 !
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-

.
! !The inspections and test discussed above are to include the pressure

transducer installations in the feedwater piping near the steam genera- ,

tor nain feedwater nozzles as specified in Reference 7. This instrumen-
.

,tation is required to monitor the magnitude of pressure pulsations.
.

occurring in the feedwater piping. ,

.'

3-10. SYSTEM LOGIC OPERATIONAL TEST A!!D SETPOINTS VERIFICATION

The following system logic operational test and setpoints verifications
;

are to be conducted:

Prior to taking the plant critical following feedwater system'

o

modification, tests should be performed to operationally check
the logic. of the feedwater bypass;sytem. Tests should include

>

([) analog system tripping as well as logic train functioning.

Procedures for operational tests of the Reactor Protection System
-

o

and Safegucrds System are supplied .in Reference 5, Westinghouse
NSSS Startup Manual, Sections 2.7.2 and 2.7.3. These procedures

are for informational purposes only and may be used as a guide in
-

developing detailed test procedures for the feeduater bypass
.

system logic operational test.

The safeguards (feedwater isolation) functions of the feedwatero

bypass system valves should be tested as part of the reactor
safeguards systems functional test.

. -

k. o. Feedwater bypa'ss system setpoints should be verified using proce-
.

dures similar to those described in Reference 'S, Westinghouse

HSSS Startup Manual, Section 2.7.5. Such reference procedures

are for informational purposes only and may be used as a guide in

the deve.opment of detailed procedures.
< -

.

.

.:

-

.

_._ .

'

___
_
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SYSTEt4 CHECKS DURIt!G POWER ESCALATI0il (SUBSIQUEllT TO FEEDWATER
-

> .

3.11.-

SYSTE!4140DIFICATION)
.

i
-

A number of checks should be performed on the feedwater bypass system'

during the plant power escalation to ensure proper functioning.

(1) Ensure that th,ere is no backflow leakage through system check - s

-
.

val ves. This is particularly important for valves which pro- |

tect against backleakage of steam from the generator into the |
' |

auxiliary feedwater line. This valve is the FBCV. .

!

i
'

(2) lieasure the FIY bypass line flow by independent means and-

recalibrate the flow instrumentation in the line, if necessary.

|
~

iieasurethetimerequiredtofiushco,dmaterfromthemain
*

'

O (3) '

feedline and ascertain that it is in agreement with previously,

.calculated values. -
,

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

Tests should be performed to operationally check the logic of(5)
Tests should include checking

.

the feeduater bypass system.
analog system tripping as well as logic train functioning.

Check the calibration of the narrow range feedeater flow chan-(6)
nels used in the FIV interlock. This operct. ion may be per-

~

formed simultaneously with the calibration of the regular steam
-

(_ .

' ,

and feedwater flovi instrumentation at power (Reference 5, West-

inghouse HSSS Startup 14anual, Section 2.9.4).

This flow should be in(7) lieasure the bypass line tempering flow.
the range of 40,000 to 80,000 lb/hr when the FCV, alone, is
delivering feeduater to the steam generator (FCEV and FACV

closed). The applicable power range is approximately 15 per-

cent through 70 percent rated load.
.

'

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

valves and lines. ___

- *
.

.

3-4-_

20860: 1
..



Carefully observe that the system operates satisfactorily when
-

(9)'

the FIV is initially opened. Any resulting steam generator
jt

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. ,

.,

k

~. CAUTION >
.

,

i-

j
Adjustment of valve closing times (for uaterhcomer control I

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 p.rogram verify the satisfactory

,

operation of the feedwater bypass syste'b during all normal -

,

operation transients. Operation of these systems should not

result in any inadvertent reactor trips under normal transient

condi tions. .

ONI.It!E TESTING OF FEEDWATER BYPASS SYSTEM
.

. 3.12. -

,

It is recommended that online testing of the feedwater bypass system
instrumentation, controls, and remotely operated valves be performed

periodically similar to the testing of the Reactor Protection System to
,

(Uqte: It is
degonstrate the continued relicbility of the system

,

([,
- recommended that a test pcFiod be selected which will ensure high reli- ^

It is further recommendedability of performance of'this equipment.
that the maximum operating period between tests not exceed 3 months.)

-

,

.

Periodic measurement of the amplitude and frequency of B0P induced con-
tinuous p,ressure oscillations is recommended to verify that the actual '

magnitudes of the pressure oscillations at the steam generator inlet do
,

See Reference 7.not exceed the allowable magnitudes. .

-
.

-

After the online test procedures have been prepared for the feeduater

bypass system, it is requested that copics ,be forucrded to Uestinghouse.'

---
-

.
' 3-5
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SECT 10!! 4 p'
OPERAT10tl t

,

* ;
:,

|.

4-1. PREOPERATIO!!AL CHECXS .j' :l~

i
,

Prior to the initial startup, and before each subsequent startup, proper '

:,

,

I

operation of the feedwat"er bypass system instrumentation, controls, andI

remotely operated valves is to be verified before comencing h,eatup. : ,

!,
*

.

Reference is to be made to Figures 2-1, 2-2, 4-1, and 4-2.
.

.|
I

h
4-2. Il0RMAL OPERATION fl-

t

Perform the normal operation procedures of paragraphs 4-3 through 4-15.
-

i

a '

4-3. PLANT HEATUP .
-

;o,
The FPBY is

Ascertain that the FIV and FIBV are closed.(1)
open and the FCBV may be available for controlling flow if
the condensate pumps or main feed pumps are operating to

- provide feedwater to the steam generators prior to , or
For these components to be available forduring, heatup.

operation, the low pressure trip logic (and possibly the
Al ter-low level trip logic) signals must be blocked.

nately, the auxiliary feedwater system may be used to pro-
- .

vide feedwater, ir. which case the FCV, FCDV, and FACY may
,,.

,

~ '

be' closed.p.
v

CAUTION-

Water level is to be maintained above the tops of all steam
Delay heatup, if necessary,

generator tubes during heatup.
Failure to do sountil the required water level is attained.

could result in tube corrosion.
.

9

!.
-

*-
.

.

4-1
J
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,

-

Establish water level in all stead generators, allowing for
.

; i(2)
.

expansion during heatup, so that the water level will be at
the progranned level when no-load conditions are reached at'

'

the end of heatup. ! ,_*

~ , .

..

Confirm that the feedwater automatic logic control system(3) Ensure that valve positions ,

is energized and in service. ;
This

are as indicated on the logic diagram (Figure 2-2).
control system is to be in operation at all times (to mini-

,

mize the possibility of. delivering cold fc':deater to the
main feedwater nozzle) when the steam generator tecperature

(SG temperature may be assumed tois greater than 140*F.
be the s'ame as the RCS wide range cold leg temperature.)

.

Adjust the
Proceed with heatup and no-load conditions.(4)

{} water level, as required, using steam relief or blowdown to .

reduce level, or adding feedwater to increase level.

HDT STAllDBY AllD LOW POWER OPERATI0ll (ZERO TO APPROXIMATELY 20.

4-4.~

PERCEllT MWt)

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

All feed-
Ascertain that the FIV, FPV and FCV are closed. h(1)
water delivery to the steam generator must be made via t e

As long as the feeducter requirementsauxiliary nozzle. l

are small (approximately 3 percent of rated feedwater f ow
~

- -

(
or less), the auxiliary feedwater system may be used as the

'

source of supply, or the main feed system may be used with
'

i

The FCBV will normally be
flow through the FCBV and FPBY. i
operated in the automatic mode with the Low Power Automat c

' Feeduater Control System controlling steam generator level,
i
i

*

i
'

.

:

.
.

-
---

,

4-2 i'
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'

i
(2) The FPBY, Phich receives protection grade feeduater isola- ,

tion signals only, is open.
-

.

.

(3) Open the FIBV and FPV (operator action required) in each--

loop after the conditions of steps (4) through (7) have
been established in that loop. -

'

(4) Check that the steam generator pressure is above setpoint

P- '

L

(5) Check t at the steam generator water level is above set-
point L -

3

{6) Maintain steady steam flow and steaa pressure in each loop
O. for approximately 5 minutes prior to establishing the

flushing flow, and for about 5 minutes' af ter the FIBV and
'

FPV are opened. During this 10-ainute ' flushing-initiation '

period, the FIBY is to be closed immediately if a rapid
decrease in steaa pressure of 50 psi, or greater, occurs.

(7) Open the FIBV and FPY and establish bypass flushing flo'e
imediately 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 flou at this time
should provide a continuous purge of the main feeduater

(.
~ ~

pip ~e downstream of the FCV as the feeduater teriperature -

increases with load, thereby minimizing the potential for
' flow stratification during the flushing operation.

(8) In each loop ensure that the rate of flow through the FIBV
is higher than the mininum flow but does not exceed the

,

trip flowrate W BT- ,

!

.

.

t

*

-.-

. .

_

4-3 .
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f. < .
.

(9) Increase the power level until fee'duater temperatures
between the FCY and the steaa generator exceed setpoint

T. (Refer to paragraph 5-2 and table 2-1). The con-3
.

* trol' logic in each icop uill open the FIY when all the
., ,.

following conditions have been cet: .

'
.

o Loop feedwater temperatures have been above setpoint .
!

-. ,

T for a period.of tiae not less than the tiaer set--

3 :

ting ('T)- .

)

o Loop purge flow has exceeded the noainal setpoint value
W for a period of time not less than the tiaerBL

setting (tT), and has not exceedea the trip set-
Point value W during [this period.BT.

o Steau generator water level is above setpoint L .3

,
-

o Steau generator pressure is above setpoint P '

L
.

(10) Miniaize operation at low powei levels. (Refer to para-

graph 5-2).
,

(11) Transfer control in each loop froa the FCBV to the FCV at
approximately 20 percent power by first placing the FCY in
automatic control, the FCBY in manual control, and then
slowly closing the FCBY. This transfer flow from the steau

~

(. - - generator auxiliary nozzle to the main feeduater nozzle,
closes the FPY ana FIBY and opens the FBTV.

,

Alternatively, both the FCBV and FCV aay be put in uanual
control. The ECY is slowly opened manuanly while the FCBV
is slowly closed to maintain relatively constant flow to

"

the steau generator. Once the FCBV is fully closed, the

FCY can be put in AUTO control. '

.

.:

i

-
-

'

- 4-4
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'

.'

(12) Ensure that teupering flow is established to the auxiliary
'

'

nozzle in each loop. TI.is, flou uust be not less than
*

40,000 lo/hr per loop to liuit therual shock of the aux--

. fif ary nozzle. ,

,

~
... ,

POWER ESCALATIO!1 (LOW POWER OF APPF0XIIGTELY b0 PERCENT NWt TO
~

4-5. ' ;

APPROXINATELY 70.PERCEllT MWt) ,

,

Escalate power, as desired, in accordance with applicable proceaures.
Feeouater flou, between, approxiuately 20 percent load and approxiuately

70 percent load, vil) be contro11eo by the FCY ano delivered to the*

preheater. The uaxiouu steady-state feeduater flow rate to the pre-
heater is to be liuited to 70 percent of loop rated (v2.8 x 50 6

'''"")- ''"" 'S'Y '" ""Y "r" "P"" "l'"ri"*'*P"''"S''"'"'"" 'O ,

auxiliary nozzle.-

PohER ESCALATIO!1 ( APPhoXDATELY 70 PExCEld Mit To lhXIh0M PohER)
-

,

4-6.

Escalate puuer, as cesireo, in accorcance with applicaule proceourcs.*

Feecuater flows in excess of 70 percent loop rated flou will be con-
;

trolleo autouatically by tiie FACV ano celivereo to the auxiliary nozzle |

through the bypass line. (5teau generatur level will be controlleo by

the FCV uith the FACY acting to liuit feeouater flow to the preheater to .

70 percent of loop ratea flow.)

If the plant is operateo at the exact steacy'-state power level at which '

k _ the FACV begins.to open (setpoint in keterence 6), small flow uscilla-
tions uay cause'this to cycle. If this occurs, cycling can De stoppe0

by increasing or cecreasing the plant power level a suall aucunt, or by
putting the valve in uanual control until the power level is changeo.

.

POWER REDUCTION (MAXIhbM POWER TO APPROXIIMTELY 70 PERCENT NWI)4-7.

The
Reduce power, as cesireo, in accoraance with applicable procedures.
FCV uill c.ontrol autouatically the steau generatur level with the FACV
acting autouatically to liuit flou through the FCY to the preheater to

-

.

70 percent of loop ratea flow.
.

-.-
, _ .

,

4-5-
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PuhER REDUCTIOff (AFPROXIlwTELY 70 PERCElli,14.'t TO AFTmmartasu!

' 4-0. ,

20 PEkCEllT hht)
s The

Keouce power, as aesired, in accoraance uitli applicaule proceubre .feecuater nozzle.i
FIY ano FLV are open delivering feeouater to the ua n | |

The FBTY and FPBY are open celivering teupering flow to the auxiliary' II.
:

F

nozzle. ,

P0bEk REDUCTIO!1 ( PPROXIllATELY 20 PERCEtJT hl!t TO 'zERO P0hER AllD
E

'

4-9.
HOT STAf10BY)

h in
The FIV, FCV, FbTV ano FPBY are open delivering teecuater to t e bailiary nozzle. The FCbV, ,

.feeouater nozzle ano tempering flow to the aux '

, , '
FACV, FPV ano FIBY are closeo.

.
,

i

O h FCBV at
Transfer fecouater flow control in each loop frou the FCV to t eV in autouatic
approxiuately 20 percent power oy first placingNhe FCb -|

i the FCV.
control, the FCY in uanual control, anc then slouly clos ng)

(Refer to paragraph 4-4(11) for alternate fl.ou transfer proceaure.t

This transfers feeauater flow from the steau generator uain feecua erThe FIV will reuain
nozzle (and preheater) to the auxiliary nozzle. l less than the
open until the feedwater teuperature is reducea to a va ue
setpoint, at which time it will autouatically close. t

flou ano
The FIBY and FPV will open autouatically to re-establish purge
the FBTV will close autoraatically. .

.
i-

'k. NOTE
-

'~

The FIbV ano FPV j
The FIV and FCV are closeo.

The FCBY and FPbV are open directing
'

are open. Feeo .
feedwater flow to the auxiliary nozzle.

All feed-
water flou control is on the FCBY.

.

water oelivery to the steau generator uust be
.

,

uace via the auxiliary nozzle, with the excep- i*

tion of a suall contro11eo flow through the
'

"

If the turbine-generator (T-G) unit is
FIBY. heating)
trippeo (thereoy teruinating fe,ecuater *

I_,
4-6'

'

_
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'

ano tile intention is to shortly return the plant -

to power, the FIBY shoula De, closed until the -

T-G urit has been reloaaed cna feecuater lieatir.g.

*

reestablished. Then the FIBY shoulo be openea
., ,

as the feedudter ter.iperature approaches the
teoperature of the water in the feealine between ,

tise FCY ana,the steau generator. The objective

is to avoia oisplacing hot water in the feedline
with ccia water which uay result in unoesirable

,

* teau genera, tor feecuater nozzl.e therk.ials*

stresses .',
,

(' Miniuize operation at lou power levels. (Refer to paragraph 5-2.)
.

O ci) snen the aetermination is uade to go to zero ioaa hot stanaby,
hot shutaoun, or to colo shutdown, close the F1Y, FIbV ana FPY,

if open. .
3 -

,,
,

(%) khen the feeouater requirements have been reducea to approxi-*

saately 3 percent of ratea feeduater flow or less, the feeouater
supply uay be shif tea to the auxiliary feeowater systera, if.
aesi rec. -

4-10. PLANT C00LDukN

Perfona the following steps to achieve plant coolaoun:
.

- .
,.

(i -
. - .

'

NOTE,

The plant is at hot standby with the feeduater
autouatic logic Control systera in service. All
feeduater aelivery is to the auxiliary nozzle.
The FIV, FCY, FIBV anu FPV are closeo. Use of

the auxiliary fecavater uay be preferrea for
coolaoun. If the uain fecauaer systeu is useo,
it is necessary to tenporarily block the lou .

.

.

-

.

~

4-7. --
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. .

.

pre:sure trip logic signals to the FCuV ano |
feeduater puups. If the t>ypass piping is not !

used to provide feecuater througi the FPbV to
,

t!ie auxiliary noizie, then the FPbV ano FLBY are* *

to be closeo.''

.

'

(1) liaintain the feeonater autouatic logic control systes.. in ser-
vice at all tiues (to prevent delivery of cola feecuater to the
main feedwater nozzle) when the steau generator teuperature is

gr' eater than 140*F.
.

(2) The water level in each steau generator is to be uaintained
dboVe the tops of the higiiest tubes throughout the cooldoun to
140*F. (Reference 3, paragraph.]O.2.1). If louering the water

'

O level, or craining the steau ge,ierator, is planneo following
coolaoun, the steau generator water level r..ust not be lowereo
to less than 30 percent of uice range 1-evel span until the

.

steau generator teuperature has been reauced to 140*F and

nitrogen or air has been introouceo into the steau generator
shell. This should uiniaize the potential for a waterhar.raer to
occur in the steam generator or the feedline.

4-11. TRANSIENT OPERATION

Perfona the transient operation proceaurfes of paragraphs 4-12 through
14-15 when appropriate.

(_ -
-

~

4-12. LOAD REJECTION
,

The effect of load rejection on the feecuater systeu is influenced by

the power level prior to the loco rejection ano the percentaca power
change. The ef fects are greatest for full loaa rejection frou rated
loaa, and- are less for rejections of sualler percentage-

,

luueciately following load rejection, the steau generator steau pressure '

increases oue to the reduction in steau flou to the turbine-generator ,

unit. The increase in steau pressure causes a aecrease in steau genere-

_ tor water level with a resultant increcse in oeuano for feecuater flou.
-

.

- 4-8
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against whicts
u. -

'

e

Peaseo steau generator pressur If the lodo
>

Divered tenas to reouce the flow i-ate.stea.: dcup is activa-.

.

s approxiuately 10 percent loac,ressure.
zhich' cecreases the steau p

FCbV at the earliest oppur-
-

i tely ,
t

,-

ontrol. f rou the FCV to-tliereouceu to less than approx ma
' .

'

been
te power level has '

before it can be opened f or
sa puuer.

Esed following load re,)ect on, FIBV and FPV, increase the
i -

ano allow theen it is, necessary to open the
above the setpoint,s line flow tiuer to time out.

.n the fecouater line
aperature timer ano the bypas is

lant to hot stanoby, reference
tor decides to take tite p 4-2, llorual Operation. - -

Qu the procecures of paragraph
,

.x
.

*

& WATER It!TERRUPTIONare intgriccked such that
if

There-

71ou ano feeouater temperaturehe Fly will not be closeo.setpoint T , the FIY
'

g is above the setpoint, t above the
3

She feecuater teuperatures areinterruption occurs.
Se closed when a feecuater

DSS OF LOAD WITH REACTOR TRIPflou will rapioly oecrease to
reactor trip, the feeowater Due to the turbine tr'ip, theoint.

rapioly to less than its setpan the preheater flow setpoint.
Rg e

h

will'occrease ic shoulo close the FIV in eacer teuperature
3 time the autouatic control logAll feecuater is to bePerforuclosec.

The FIBV and FPY are to be
auxiliary nozzle only.

vis the
steau generator

rea to the
(.1) and (2) . FCVs to the FCBYs, if time ,

j
h startup

Transfer feecuater control frou t eAdjust steau generator waterlevel to the
i1)

peruits. i
' |

.

.

4-9
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This uay be accouplished witti the auxilurys;feecuater
-.. ,,

level. ,
-. ,

syster.i if the r.iatri feecuater systes.: is not av611st s.- ,
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.. .
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NOTE:

200 -

THE VALUES PRESENTED ARE TYr-lCAL. VALUES
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,
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SECTION 5

. .
*

'

le

PRECAUTI0tlS AllD LIMITATI0tlS
.

3 P.
- i

are r,

LVGIC.C0!1 TROL SYSTEli OPEPATI0tl5-1. Jb-
~

b i at all or

' The feedwater automatic logic control systea cust be in s rv ce
-

, |
than 140*F to

|tiacs when the steam generator temperature is greater
-

t nozzle.

prevent delivery of cold feedwater to the main feedwa er 1

LOW POWER OPERATI,11 ~
0 IC

5-2. t
liary nozzle, if

At low power levels, with feedwater delivery to the auxiA potential exists for theer

void may be present in the preheater.
'

h as chemical ec,.

preheater to be affected by void due to effects sucTo limit preheater exposure
,

CE

concentration and deposition of impurities. nIi e indicates
to these potential effects, prudent operating pract c

-

h feedwater flow
-

"

limiting the period of operation at low power livels w en n

is delivered only to the upper nozzle.
.

-

dump to #

When feasible, consideration may be given to using steamlow load range.

supplement turbine load to avoid operation in the

TRANSFER OF FEEDWATER FLOW CONTROL5-3.
l between

It is recommended that the transfer of feedwater flow controf dwater control - r1
_

_

the feeduater control bypass valve (FCBY) and the ee0 percent power level,

valve (FCV) be accomplished at approximately the 2h transfer. (The
~

,

to enhance stable feedwater' control throughout t elinearity of the steam5''

transfer can be made at the power level where thefeeduater control 1

and feeduater flow signals permit the high powerThis typically has been found to be in the
system to function properly.
range at 15 to 20 percent power.}

,

},

i
*

.

.

*

W
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5-5. STEAll GEllERATOR WATER LEVEL

'

The water level in each steam generator is to be maintained above the
'

top of the . tubes throughout cooldown to 140*F. If louering the water.
,

level or draining the steam generator is planned ,follcuing cooldoun (for
example, internal aaintenance of the steam generator}, the steam

,

generator water level must not be lowered to less than 30 percent of '
-

,

wide range level span until the steam generator temperature has been
reduced to 140*F aiid nitrogen or air introduced into the steaa generator i

shell, thereby minimizing the potential for water hancer or feedline !>

snapping in the steam generator or the feedline.
.

~5-6. REDUCED FEEDWATER TEMPERATURE

O Operation with reduced feeeueter temperature to the steen generetors
.

(for example, with one or more HP feedwater heaters c$t 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 temperature. Should extended operation at reduced feedwater

temperature be contemplated, consideration should be given to reducing
the reactor coolant systen average te 1perature to cair.tain steam

~

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

Full load nominal steam pressure cust not exceed 1000. psia with partial
'

load steam pressures prorated accordingly.
,

5-T. 0PERATOR BACKUP
'

{ .

Although the feeduater automatic logic control systen 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 aware of the functions which the cont.rol systen is
designed to perform when setpoints are exceeded so th.at the operator

.

|..

-
--

'

-- 5-2
,
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i

will be f aciliar with the control system and will recognize any
-

.

nonperformance of the control system and,take appropriate and ticely [
I

The follouing criteria are presented to assist the 'q
'jmanbal action.

' '
,

,

o,pera. tor in this regard: }
'

,
-

[;
- .

f'
through the feeduater isolation bypassThe trip flowrate WBT

' if iJo

valve in any loop must not be exceeded. i I
a

alr
If steam generator water level falls below the narrow rangeo

span in two or more level channels.in any loop (thereby
tripping thelplant), then the main feedwater regulating valve,

~ the feedwater isolation valve, and the feeduater isolation
bypass valve should be closed in the affected loop (preferably

*

in that order of initiation). ;
JQ .
'

E-
If steam generator pressure in two or more pressure channels in.

o

any loop decreases to the setpoint val $e, then the following .1
-

actions should be taken (preferably in the following-order of

initiation):~

!

(1) Trip all main feedwater pumps
,

;

Close the main and bypass feedwater regulating valves in all(2)
loops.

Close the feedwater isolation valve and.the feedwater isolation(3)
- - bypass valves in all loops.

.~

.

Tempering flow, at a flowrate not less than W , is to beTo

provided to the auxiliary nozzle at all times when the FCV is
open, except when a feeduater isolation signal exists.

'i
'l

!

!-

_

,__
5-3 !
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5-8. FEEDUATER DELIVERY AT LOW FLOW RATES f

,

;

At very low load or hot standby conditions, when the feedwater flow to .

_each steam generator is minimal, the operator may be inclined to slug* *

feed 'the steam generators (intermittent feedwater delivery) if the plant
design does not provide for feedwater control unde'r these conditions.
Slug feeding can cause large thermal stresses which may lead eventually '

to cracl:ing of the steam" generator feedwater nozzle or feedwater .i

piping. Therefore, it is recommended that feedwater delivery (both main
and auxiliary feedwater) to the steam generators at low flow conditions -

_

,

be continuous rather than intermittent. (Reference 2.)
.

!
1

5-9. PREHEATER EXCESSIVE FEEDWATER FLOW RATE
{

([) The maxi 5um steady-state feedwater flo i rate to the preheater is to be
6 lb/hr).limited to approximately 70% of loop rated flow (~2.8 x 10 .

Any additional flow will be delivered through the bypass 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 .

uith a delay timer to alert the operator to an excessive flow condition ,

such as might be caused by a falure in the FACV controller. 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 alarm is activated, the
operator should confirm 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 prompt 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 manual mode and adjusting the valve position to obtain

.

an acceptable flow rate into the preheater.

<
-

.

.

-
-

.
-

_
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If the FACV controller should be inoperative, the FdBV can be' operated
,

-

!.
in the manual mode to obtain a higher power level then can be attained

The alterntive is to reduce pouer level to a valuewith the FCV alone.
consistent with preheater feedwater flow limit.

I

.
.

g--
,

4^

5-10. FAILURE OF FACV AUTOMATIC CONTROLLER i
.

,

It is intended that the FACV will operate at all tices in the automatic
'

4
However, an AUT0/ MANUAL control station will be provid.ed tonode.

permit the operator to operate the FACV in manual control should the ' -In this event, the
automatic control-lerjfail to operate properly.
operator should place the controller i.n the manual code 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 FACV position

O will be required as changes are made in'the power level and changes in
!

.

the condensate and feedwater systems operating parameters. '
.,

, ' .
.

Care is to be exercised on decrease in power level to that, uhil.e the~

FACV is open, the feedwater flow to the preheater does not decrease
below the total feedwater flow value at whi.ch the FAEV is programmed to

This flow rate is
open on load increase and to close on load decrease.

Tlie FALY is.

approximately 60% of loop rated flow (s2,400,00u ic/Jir).
to be closea when the total fecondter flow rate is recuceu tu this

. setpoint value.

.
.

C_ - .

}

.

.
.

-

.
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FIL0!ddl;DAT10NS

, '' The occurrence of los; steau generator stater level L3 snoula
i.autouatically initiate isolation of preheater flow to the affectea

feedwater loop (s) 6s inoicateo in Figure 2-2. To reacce the iupact on |
the steu.i generators an/or the feeowater lines, it is recou.ienceu that ,

i

the isolation in the affected loop (s) be initiatea in the order listea :

to reouce the severity of the transient. Close the f.iain feeavater

regulating valve (FCV) close the feeduater isolation ano feeawater
isolation bypass valves.(fly ano FIBY). The adjustuent of valve closure

tiaes uay be requirea so that unoesiracle pressure pulses are not

producea.

(.. ', I

.x
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.
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REFEhEhCES i
' ' '

f counter-F1w Preheht Steau
"5ystcu Description - Minir.n zation o ts" Rev. I cateo 1/'51/78

->
,.

l . . _? i , s .
.

Generator Prehester Pressure Transien I

10-1, key. 3 catec 3/78.
-

;

i li

"Steau Systeus Design Manual" PIP Vo .
. I !

fi(Westinginouse Proprietary)
ifichtions" PIP Yul. b-4,

3

' |

"Stetu Sioe Water.Cneutstry conti ol Spec }f |!t
D.

Feeciuoter Systeu Valves for
l;Rev. I cateo 1/75.
i.

Project! letter "On-Line Testing of I4. c

. Bypass Systeus". *

(Westinghouse Proprieth'ry)
.

; NSSS Startup (4anual".
Test Prograu for the Counter-Flow

.s.
"

S.
!

"High Pressure hter Har.r.ier (kestingnouse Proprietary) '

Preheat Steau Generator" WCAP-9364
6.

Pla6ts
t rf ace Design criteria ,

Steau Generator Feeawater Systeu In erators", SG-80-Oo-067.
with Moael 04/D5 Preheut Steau Gene

7.'

t
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" Precautions, Liuitations and 5etpo n

-
I

"8. .
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