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Power Generation Group

P.0. Box 1260, Lynchburg, Ve, 24505

November 1, 1977 Teieshone. (804) 384-5111
BWT-158¢
g% B File: T1.2/128

cc: J. D. Lenardson w/&

J. C. Lewis

: D. J. DelLaCroix

g ey rerg P. P. Anas/éc  w/a
uclear Project Engineer E. C. Novak/le w/a

Toledo Edison Company

Power Engineering & Construction
300 Madison Avenue

Toledo, Ohio 43652

Subject: Toledo Edison Company
REPORT ON DEPRZISSURIZATION EVENT
Davis-Besse Unit 1 .
B&W Reference NES-14

Dear Mr, Domeck:

By telecon of October 10, you have requested B&W input for a report to WRC regarding

the depres-urization event of September 24. The NRC exit interview notes dated

October 7 s.mmarized the necessary content of :he report. B&¥ is provicding write-..s

in the following areas in order to substantiate the conclusions of Bi.7-1578 and BWT~1579
dated October £ and 7:

A. Description of the event
B. Evaluation of the reactor coolant components
C. Evaiuation of RC pumps

. . D. Evaluation of the fuel

In order to expedite submittal of your report, we are sending Sections A, C and D at
this time, as agreed in our telecon of October 24, We expect to forward Section B by
November 7, and we will try to improve on this date.

Section A describes the sequence of events as reconstructed from computer 2larm print-
out, reactimeter plots, and control roonm recorders (Attachment A.1). We have attached
pertinent recorder cnarts of T_ _, RC pressure, pressurizer level (Attachments A2, A3 and
R&) and reactimeter plots of REVenlet temperature, RCS flow in each loop, RC pressure,
pressurizer level, and water level and outlet pressure of each steam generator (Attacn-
ments A5 through A13). '

Section B will include evaluations of stresses in the pressure boundary, the depressuriza-
tion transient, boiling the SG dry, jet impingement or the SG, and effect upon fatigue

1ife.
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Babzock & Wilcox November 1, 10

Section C explains the evaluation which was performed to verify that there was no
significant damage to RC pumo bearings, seals, or imellers (zttachment Cl). The
transient as it affected the pumds is summarized in Attachment (2. ttachment (3
defines the instrumentztion and operational checks applied to the pums, The
results of the operationa] checks are tabulated in Attachment C4.

Section D evaluates the effect upon the core to determine (1) whether steam was
produced in the core (2) the maximum internz} fuel rod pressure, and (3) whether
maximum 1ift force exceeded the limit (Attachment D,1). Reactimeter plots are
attached for reference Attachments D.2 through D.6.

Very truly yours,

A. H, Lazar
Senior Projec"y/ Manager

fa/w

JAL/hj A. Laver
roject Manager
ttachments .
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Sequence of Events

The even: started at time 21:34:20 oz September 24, 1977. The plant was
in Mode 1 with Power (M.T) = 263. The turbine had been shutdown earlier in the
evening to repair & leak in the main stear line at az instrument comnection
between the turbtine stop valves and the high pressure turbine. t this time
a half trip of the Stean and Feedwater Rupture Contrecl System (SFRCS) was ind iated
by an unknown cause. This trip shut the startup feedwater valve tc {2 steam generator
and stopped 21l feedwater to this generator (because of the low power level the main
feedwater block valve was already shut, isclating the main feedwater control valve).
The low level alarm was reached in #2 steam gemerator at 21:34:44. Before the
operator could identify and correct the problexm, .the low level in {2 steam generator
produced a full trip of the SFRCS. This trip shut the main steam isolation valves
and feedwater isolation valves in both steam generators (time 21:35:18). SFRCS
alsc started both auxiliary feedwater pumps. The number one pump performed as in-
teried, hovever, pumber two auxiliary feedwater pump only came up to 2600 RPM, in-
sufficient to feed its steam generator (£2).

The loss of feedwater, first to onme and then both steaz generators, caused an
increase in primary water tecperature, which resulted in an increase in pressurizer
level and thus reactor coolant system pressure. At 2255 PSIC the pressurizer electro-~
patic relief valve received an open signal. Uluring the next 40 seconds, it received
nine different opex and close signals. After cne of those signals the valve stuck
open. This provided a continuous 2i" vent path from the pressurizer to the quench
tack. When pressurizer level got to 290", the operaztor manually tripped the reactor
(time 21:36:07). Enengy escaping from the electromatic relief valve and three main
stean relief valves caused 2 rapid cocldown and depressurization of the reactor coolar”
systez. Reactor coolant system pressure drojped to 1600 PSIC (time 21:37:17) initiating
the Safety Features Actuation System (SFAS). This started high pressure injection and
closed pumerous containment isolation valves, inmcluding the quench tank cooling lines.

With the electromatic relief valve still oper and cooling water isclated tec the
quenzh tank, the quench tank rupture disc ruptured (time 21:40) relieving water/steam
to the containment building. This discharge damaged a nearby ventilation duct, was
deflected off this duct and directed onto #2 steam generator. The steam tore off
approxizately a 10' high x 20' circumferential section of insulation from {2 steanm
generator. The paint from the then exposed area of the steam generator was blasted
awey. The steam in the containment also resulted in two fire alztms (cne near RCP 2-2
and one near the pressurizer) and a single channel RIS trip on high reactor building
pressure (4 PSIG).

Wher the main steax relief valves reseated the decrease in reactor coclant system
temperature stopped and the high pressure injection pumps started to raise pressurizer
level. At time 21:40:34 the operator stopped the high pressure injection pumps. (The
operators had been heavily involved before this time in regaining sezl injection flow
to the reactor coslant pumps. This flow had been stopped by the SFAS actuation. By
21:39:40 the appropriate SFAS signals had been overriden and morzmal f{lows restored to
the seals of the pumps). Reactor coolant systez pressure continued to decrease until
saturation pressure was reached and steam began to form in the RCS (appioxicate time
21:42). This caused an insurge of water intc the pressurizer and pressurizer level
went off scale high a 320 inches. During this level increase the operator, seeing
average reacior coclant systex tesperature and pressurizer level increasing, stopped

one .eactor coolan: pump in each loop (time 21#43:11).
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Due to decreasing pressure in {2 steaz generator, the SFRCS svsten gave a
low pressure block permit signal at time 21:48:23. This alerted the opeazor 2o
the low .evel and feed condition of {2 steac generator. He blocked the low pressure
trip (tize 21:4%:38), took manual control of the speed of {2 auxiliary fcedwater
punp and fed 2 generator (time 21:50). The operator saw the rapid addition of
cold feedwater dropping the reactor coolant system temperature and stopped the
feedwater addition to this generator.

At approximately 21:55 the operator shut the block valve for the electromatic
relief valve on the pressurizer and stopped the venting of the reactor coolant systen
to the guench tank. At 22:05 pressurizer level came back on scale. At 22:15 the
operator started 2 second makeup pump to try and stop the pressurizer level decrease.
This additional cold water started the reactor coolant syste= oo a slow decreasing
teoperature transient. At 22:17 pressurizer level reached the low level interlock
and cut off the pressurizer heaters. At 22:23 the operator s:arted a high pressure
injection pump to try and stop the decreasing pressurizer level.

The level and pressure in {!2 steac genmerater again decreased to the point where
the SFRCS gave 2 low pressure block permit signal. The operator again blocked the
trip and, through manual speed coatrol of its auxiliary feedwater pump, restored
level and pressure in #2 steam gemerator (time 22:25).

With pressurizer level well on its way to recovering,the operator stopped the
high pressure injection pump (time 22:27:44). At time 22:31 he restored RC makeup
flow to normal. This stopped the slow decreasing RC temperature transien: started
at time 22:15. All plant parameters were now fully under comtrol and the plant was
brought to a steady state condition and & nmormal plant cooldown started.
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Onwl0/23/77, the SFACS again sripped frcz a spurious sigamal. The Stariup
Feedwater Valve on steaz zenerator he. 2 went closed. This ultimately
resultes in 3 valid Steas Genmerator low level trip input to the STRLS

agd the systex Junciloned as iatended.

This was the first spuricus trip received sinze the chart recorders had
beea connected to zhe STACS. ALl information on the chartes could be
explained except for a preblex en STRCS logic Chamnel &4 coxputer alars,
P68C. This parzicular channel con the recorder was imtermittently Zfailing,
givirg spurious trip indicaticns. Of the <48 total chart recorcer channels,
this was the only one that had failed.

140 Technicians "checked cut” the bad recorder channel for operatlionm.

Th:y found that the channel was sensitive to any =echanical vibratiom,

it di¢ respend to 2 given input, and that the pens were slightly misaligned.
Frozm all of the inforzmation gathered it was concluded that the incicatien
on the bad recorder channel was an input from the SFRCS.

The logic poin:t under queszicn then was the computer point ("P680" Low
Main Steaxz Pressure Trip Exa=ining other charts indicated no change
in the input to SFTRACS leogic Chanmnel 4. Thus it was concluded the prodlex
was internal to the svste=. In exazining the logic coatrol diagraz, it

? 2 input buffers and associated wiring could
have caused cthe faul:. 1il personnel replaced all of the a2bove eguipzent,
with the exception of ths interconmnecting wiring. The wiring and bufier
connections were visually inspected, ané no faults were observed. A
functional logic test was perforzc? aznd the system responded satisiactorily.

Power Engineering had contacted Comsolidated Contrels Corporation, the
manufacturer, and their resresentative was on site the morning of 10/26/77.

The manufacturer also recocmencded changing the saze equipmeant that TECo
14C persoanel had changed.

The manufacturer performed a response tizme check om both input buffers
Lkt

in question. The response tize test showed nc defects. TICo I&C personnel

continued to monitor onme of the two input buifers in a test set. Tailure
of one input buffer 4id occur on the test set, which indicates that this
was the cause of the half trip.

The zmanufacturer's representative also took a look a
with an oscillesceope. EFe was loocking Ieor any er
everything tested appearad to be troudle Iree.

will rezain with TZCo for further test and evaluatioc
chips were returnad to the =anufacturer for evaluation.

at

-
-

-
-
-

The manufacturer's representative on 10/27/7 =
ticnal points they waat msoaictored. 7T:ECo 1aC pers
connect up the recordaers.
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» coulé have caused
2 SU coencrol valve.
ower cupplies could
of the SFRCS since

anunciator windows have been added where computer alarms

preseatly exist

Steam GCenerator Level Half/Full Trip for both Channels

182

1ain Feedwater DP Half/Full Trip ‘or both Channels 1

2

oL

Loss of 4 Reactor Coolant Pump Trip

A new annunciator and cozputer alarm has been addec for a
SFRCS Full Trip.

The resetti

ing of all SFRCS related alarm will

be delaved long

enough to allow the computer To record the event.
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Before descriding the modificatiens made ¢ the auxiliary
feecdpump turbine (&ATPT) governmor, the governer action which
resulted in the binding will be deszribec. Figure 6-1 is a

drawing of the Woodward Gevernor PG-PL speed setting mechanisz,
showing the governor in the bound up conditioa. The sequence
of events creating this condition is as follows:

1.

Wnen the Bodine motor was at a minizus speed setting, the
speed setting shaft nut was fully to the left. The link
raised the collar, contacting the base speed setiing nul,
raising it and the "T"-bar to an idle condition. The pivot
bearing would be contaccing the floating lever.

Because the governor is not rotating, the speed setting
servo reczins in a fixed position at idle (as shown). It
cannot tove until oil pressure is available.

The thuzbscrew is contacting the low speed stop pin.

As the Bodine speed setting moter is rotated toward high
speed, the following events occur:

4.1 The speed setting shaft nut moves towards the high
speed stop pin.

4.2 The link allows the collar toc move downward.

4.3 The collar moving downward, allows the base speed
setting nut and "T"-bar assezbly lo move downward.

4.4 The floating lever is fixed at the speed setting
servo piston end.

4.5 The low speed stop pin end of the link pushes down
on the thuzbscrew, which pushes down on the speed
setting pilot valve until the dashpot land contacts
the dashpot plug.

4.6 Because the floating lever is now {ixed on both ends
it stops moving.

4.7 The "T"-bar continues downwaid .fo'lowing the collar.
The pivot bearing leaves the flcating lever The
"r''.bar continues downward until the reta-ne' screw
contacts the flcating lever

4.8 The collar separates from :the base speed setting nut
and continues downward un:zil the stop pin in the speecd
shaft contacts the stop pin in the speed setting shaft

nut.
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4.9 Because the Bodine motor continues to rotate the
sanual speed setting kncd, slipping the clutch, a
torque is placed on tne speed setting shalit nut,
link ané collar. This torque asainst the "T"=bar
causes friction that locks the "T'-bar in place.

§. When the turbine is startec, the speed setting servo
piston zoves downward with iacreasing oil flow, increasing
the speed setting of the govermor. “nen the floating level
contacts the pivot bearing, the speec setting pilot valve
begins to raise.

6. When the pilot valve control land covers the metering port,
the speed setting servo pisten stops goving.

7. Because the torcue is still present on the speed setting
shaft, the "T"-bar is bound up, 2ad the goveraor is at
2200-2600 rpm.

8. When the Bodizme speed setting motor is backed off from the
stop, the "T"-bar falls down to its high speed stop, dropping
the pivot bearing. The pilot valve moves dowmward, increasing
0il flow to the speed setting servo until the high speed
condition is reached.

9. Any changes in speed setting shaft position are now acrmally
followed by the "T"-bar, pivot bearing, pilot valve, and
speed setting servo piston.

When the ATPT governors arrived at the wWoodward Govermor Company
factory, cne of the gecvernors was placed on the test stand. While
observing the operaticn of the speed setting linkage, it became
evident that 2 simple link from the speed setting pilot valve
(plunger) to the floating lever would allow removal of the bellows,
coupling spring, low speed pin, "C" link and dasnpot plug in the
speed setting pilot valve sleeve (see Figure 2). This would

allow the speed setting pilot valve to overctravel when the motor
was set in a high speed condition with the speed setting serve

at the minimuo position (see Figure 6-2).

The required parts were manufactured, the unneeded parts removed
and the goveramcrs were reasse=bled. The governors were tested
at the Woodward factory anc the tests confirmed that the
podifications did¢ recove all possibility of the undesired bind-
ing of the govermors. Surveillance testing at the staticn has
also confirzed that the auxiliary feedpump turbine governors
function properly.
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Pressurizer Powar Relief Valve

On Septecber 28, 1977, the valve was coxpletely disassembled.
The main valve was found to be clean. The seats on the nozzle
and maia valve disc were lapped. The pilet valve was found
stuck in the open position and it was thought that the pilot
stez was bent so the pilot stex= was replaced and the noz:zle
guide area was cleaned up to rezove the zarks {rom the galling
of the foreign materizl. The valve was reassembled and on
October 12, 1977, the valve was strcked six (6) tizes with

a8 pressurizer pressure of approxizately 600 psi. During this

testing the pilot valve again stuck and the isolaticn valve
had to be closed.

The valve was again disassexzbled and under closer observation
it was found that the pilot valve stez was moviang too far
(3/8" vs 1/8" desired). It was also found that the clearances
between the pilet stea and the nozzle guide were too small
(.0005" vs desired minizu= of .001"). The clearances were
opened up and the stroke of the pilet was shortened by
adjustment of solencid position. The valve was tested again
successfully by stroking it twelve (17) times on October 15,
1977, at a pressurizer pressure of anproxizately 900 psi and
one time at a pressure of 2200 psi.

Relayv/Fuse/Wirine Checks

Because of the missing relay in the pressurizer electromatic
relief valve ccatrol circuit, an exteasive review program of
checking all other relay cabinets was performed. All relay
cabinets in the plant were inspected for missing plug-in
relays and fuses. A detailed review of drawings was nade

to determine the service of each missing itex and its effect
on plant operations. The one additional relay and ten fuses
found missing were replaced. There were no essential functions
affected by the additional missing relay and fuses. The
wissing fuses and relav were rcr generator isc phase bus
control, alarms and indications; relay cabinets power supply
and heater supply circuits; main feed puzp turbine lube o0il
tank level indication; and reactor coolant pump component
cooling water return valve centrol.

Neither the missing relav nor the fuses were controlled under
the station jumper and lifted wire control procedure. This
indicates the fuses and relay were re=zoved by unknown

persons after checkout and testing.
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Other Actions

Following this incident a graining program was developed and
presented. This progras was approxicately eight (8) hoars of
instruction and discussion eovering the events of this incident,
§ a detailed coverage of the transient and the actions
iam by the operators, and a refresher training session cover-
gg the operation of the steaz and feedwater rupture comtrol
tex. '

The training was presented to all in the operating shift crews,
the ranragezent a2nd staff level engineers and the QA/QC staff.

\;-\ |
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7. EXAIBITS

A. Event Chronology

B. Event Variables Plots

C. SFRCS Description -

D. 10 CFR Part 21 Letter on Auxiliary Feedpuz Turbine
Governor

E. Historical Log
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21:34:20

21:35:18
21:35:23

21:35:26~
49

21:36:04

21:36:07

!
21:37:17

21:37:33
21:37:49
21:38:13

21:40:22

21:40:36
21:43:16
21:43:41
21:44:05

21:49:57

21:58:00
22:15:22
22:22:57
22:27:24

22:33:23
22:43:54

- b =

W/ u EXH ;

Chronolegy

Startup Feedwater Valve to OTSS 72 went closed on a "s trip"” of the
Stean and Feudwater Rupturce Contrel Systes (SFRCS).

Received a cozplete STRCS trip cdue to low level in OTSGC {2.

Main Stea= Isolation Valves went closed.

Pressurizer Powver Relief Valve cycled 9 times before stickiag open.
Auxiliary Feed Puzp (AFP) #1 was feédinz 71 Steam Generator (SG).
AFP #2 did not coze up to Zull speed (3600 rpz), and the discharge
pressure was not suificien:z o feed #2 SG.

Operator tripped the reactor.

Safety Features Actuation Svstem Inciden:t Levels 1 and 2 were
initiated due to reactor coolant system pressure less than 1600 psi.

High Pressure Injection (H?I) Pump 1-2 was on and had normal flow.
HI'I Puzp 1-1 was on and had norzal flow.
Re-established Reactor Coolant Makeup flow.

Containment Wormal Sump Pump came on indicating the Quench Tank

Rupture Disk had blowm.

EPI Purps wvere shutdowm.

Auxiliary Beiler System was started and at normal éonditions.
Tripped Reactor Coolaant Puzps (RCP's) 1-1 and 2-2.

Re-established Reactor Cooclant Letdown flow.

Put AFP #2 in hand and ran it up to speed (3600 rpm) and then lowered
the speed.

Clesed block valve tc Pressurizer Power Relief Valve.

Started second Reactor Corlant Makeup Pump.
Started 72 HPI Puzmp.
Brought #2 Main Feed Pu;p back on with Auxiliary Boiler steam.

Shutdown 2 HPI Puxp.
Shutdown {1 Reactor Coolant Makeup Pump.

Shutdown #1 and #2 AFP's.

61
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(:> - 49 - <:> EXHIRIT C

System Descristion

Steam and Feedwater Rudture Control Svsten

Ceneral

The stez= aad feedwater rupture control system (SFRCS) is an automatic

systex designed to protect against the following inci

L I8 Main stez= line rupture, either upsireaz or downstrean of main
steas isolazion valve (MSIV). This condition, 1if allowed to
proceed, could rapidly blow down both steazm generaters, resulting
in a rapid RCS cool down and therefore a rapid reactivity
insertion under certain core cencitioms.

b. Main feedwzter line rupture. If on the stean generator side
of the feedwatzer check valve, this is approxinately the sazme
accident a2s the steam line rupture; on the feedwater side of
the feedwater check valve this results iz a total loss of
feedwater.

e. Loss of all feedwater. This (as well as the above incidents)
could resul:t in boiling both steam generatols dry. I1f this
happens, there would be no steam available for running auxiliary
feedwater pu=ps to remove decay heat.

d. Loss of 4 reactor coolant puz=ps (RCP). This results in loss
of reactor coolant flow and therefore auxiliary fesdwater is
needed to esctablish reactor coolant natural circulation flow.

The SFRCS, upon indication of conditions a, b and ¢ above will isolate
both steam generators (close the main feedwater valves and main steam

line valves and trip the turbine) and start the auxiliary feecwater
system. Auxiliary feedwater is initiated to keep steam available for

the auxiliary feed puzp turbines and to remove decay heat from the reactor
coolant system. Once this is accocplished, the operator will have time to
begin a cool down in an orderly manner.

2.

Design Criteriz

The design criteria for the SFRCS and the auxiliary feedwater
system a-e as follows:

a. The syste= cust perform its saferv function after a single
active failure has occurred. This means that the single
failure of anv power supply, PuTP, surbine, iastruzent Or
control system logic chananel will not prevent the system from
removing decay heat froa the reactor coolant system.

b. A main steaz line break upsiTeanm of the MSIV or a main feedwater
break downstreaz of the main feedwater isolation valve will
disable one steam generator. After this event both auxiliary
feed pum;s and turbines will be aligned to the remaining intact
stean generator. This re=aining steaz generater nas adequate
capacity to rezove the decay hecat from the reacior coolant
system.
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Functional Descrioticon (Refer to tnclosures 1 and 2)

The SFRCS is cdivided for recundancy, diversity, and testability
into four logic channels. Logic chanonels 1 and 3 {ors channel 1,
and logic channels 2 ané 4 forz channel 2. In one cabinet one
logic channel has aa aAC power supply, the other a DC supply:

logic
Channel Cabinet ' Power Supply
1 c5762A Y1l (1207 AC)
2 €5792 Y2 (120v aC)
3 C5762A > plP (125V DC)
4 €c5792 p2P (125V DC)

Each logic chanuel receives the following inputs which will cause
it to trip:

a. Six pressure switches, two on each main steaz line set
at 600 psig decreasing and one on each main steal line
set at 650 psig decreasing.

b. Two main feedwater pressure differential switches, one
froo each main feedwater line (see Enclosure !l for seasing
peints) set at 177 psid stean generator pressure higher
than main feedwater line pressure.

Cs Two level transmitters with bistables, one on each steanm
generator set at 17" decreasing level on the startup
range.

d. A contact from RPS pump power sensing circuit; contact
opens on loss of all four RCP's.

The SFRCS cabinets consist basically of an AC and a DC power supply,
input bufiers, logic modules, and output relays. The output rtelays
de-energize to actuate their associated equipment. They also turn .
out a light on the cabinet when in the tripped state.

Each input to SFRCS has a test switch and light so that a trip
of that input can be jnitiated for testing purposes.

The outpats from the SFRCS are contacts ¢rem the output relays.
These con:acts are in the control circuits for the SFRCS actuated
equipmen:. MNost coaponents require Iwo SFRCS logic channels to

trip to actuate. See Enclosure 2 for 3 listing of actuated
equipzent.

There is a block feature associated with the low steaz pressure
trip. To prevent the svstem from actuating on coolcown, each logic
channel has a "y1lock" pushbutton on 5721 ané on the SFRCS cabinet.
Whea steam pressure goes pelow 650 psig a bleck peraissive light

{s receivedc on €5721 aleng with annunciator and cemputer alarss.
When the block bution is pushed, th2 channel will not trip on low
stean pressure and a "M% STM LOW PRESS TRIP sLyo" light is actuated

- on C5721 as weil as annunciator and compuler alarms. COn 2 heatup

fed @8 BESS TT T ieallv removed when the stean generater
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There is another blezk which is utilized on coecldown. 1£ the

decay heat systea suction valves fron *“e reactor coolant system
(D1l and 12) are open, this block will prevent the opening of

the stez= inlet valves to the auxiliary feed pu=p turbines. 71his
prevents the SFRCS Irex stariing the auwiliary feed pumps when

all reactor coclant pumps are secured on shutcowm. TIhis "block" is
autosatically removed when the decay heat systed is shut dewn on
startup.

Syste= locic

- a. The response of the actuated co:éonen:s depends eon the type
of trip: (refer to Eaclosure 2)

1. On low stean pressure on one-main steam line, both steas
generators are isolated. Im addition, both auxiliary
feed puzps are aligned to the steaz generator which is
above 600 psig.

1f both steam generators go below 600 psig, both stean
gencrators are isolated and no auxiliary feedwater is
initiated.

1f any other trip (such as low steam generator level)
accocpanies a low stean pressure trip, the valves will
2lign per low steax pressure trip logic.

2. On high feedwater pressure differential or low steanm
generator level on cne steaxz generater, both stean
generators are isolated and each auxiliary feecwater
pump is aligned to feed its respective steam generator
(1 to 1 and 2 to 2). :

3. On loss of all four reactor coolant pumps, each auxiliary
feedwater pump is aligned to its respective steam generatcer.
The stean generators are not isolated.

4. un all of the above events, the turbine is tripped by
the SFRCS.

b. The auxiliary feedwater puzp gOVernor control switch in the
con:rol rooc= bus has 3 positioms:

Auto-Essential (SFRCS)
1CS
Manual

In the auto-essential position, the auxiliary feedwater pumd

is in auto-essential level control. In the ICS position,

the auxiliary feedwater pump is on level contrcl frem the

1CS; via the Hand-Auto station. In =anual, the auxiliary feed-
water pucp is controlled by the operator with the Raise-lower
switch. .
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€. The SFRCS starting of the auxiliary feedwater pumps will auto-

patically reset once the trip cendition on the input is rezoved.

Yone of the valves, however, will rezurn to their ~riginal
position until operated iIndividually froz the certircl room cor
a new trip condition occurs.

Systen Operation

In order to understand the operation of the SFRCS systeam, it is
best to follow the varicus system actions under several accident
conditions. The following cases will be considered:

a. Steam Line Rupture

b. Feedwater Line Rupture -

C. Loss of Feedwater Puxzos

d. Loss of Four Reactor Ccolant Pucps

Enclosures 1| and 2 should be used as an aid to understanding the
description. All discussions assume l100% F? operation at start.
Some non-SFRCS actions are considered to aid in understanding the

transient.

(1) Stea= Line Rudture - Assuze steax line 1 shears downstreas
of MSIV. Stean pressure will rapidly drop. When either
steam generator reaches 600 psig, all four logic channels
will trip, isclating both ste2= generatcrs. (See Enclosure 2
for specific valves.) The !SIV takes five seconds to shut,
the main feedwater isolation valve 15 seconcds. 3Both stean
lines will probably drop below 600 psig, therefore, auxiliary
feedwater will not start until one steaz gzenerator recovers
to above 600 psig. Auxiliary feedwater pux=ps will align as
described in Section 3 above to feed the steam generator
that first recovers to 600 psig, with both auxiliary feed
pumps. The SFRCS will trip the turbine. The reactor will
trip oan low pressure.

When both stean generators are above 600 psig, the trip condi-
tion automatically clears and the atmospheric vent valves

may be used for pressure control cooldown if required and
provided no other trips are present.

(2) Feedwater Runture Line -~ Assume feedwater line 1 shears up-
streaz of the feedwater line check valve. Treedwater pressure
will rapidly drop. Wwhen either feedwater heater drops to
177 psig less than steam generator pressure, the SFRCS will
isoclate both steam generaters and align the auxiliary feed
puaps to their respective steanm generator (1l to 1} 2 to 2).
The reactor will trip on high pressure and the SFRCS will
trip the turbine.

(3) Loss of Four Reactor Coolant Pumos -~ If all four reactor coolant

pucps trip, the turbine will be tripped by th~ STRCS and the
teactor protection systea will trip the reactor. The SFRCS
will iniziate auxiliary feedwater. The steaxn penerators will
not be isolated. [~

g A
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