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ES- U POST LOCA COOi.DOWN AND % wo= j
g' DEPRESSURIZATION

Basic
1 sept.1981 |m. .:

'

STEP ACTIOM/ EXPECTED RESPONSE RESPONSE NOT OSTAINED
-

f& If R WST level reaches.'.!L , align SI system or cold legp.m.

'@ recirculation per ES-1.3, TRANSFER TO COLD LEG
RECIRCULA TION FOLLOWING LOSS OF
REACTOR COOLANT.

NOTE
), e RCP pressure trip criteria does not apply during

controlled RCS depressurization. RCP rnust be
tripped if RCS subcooling is less than m op,

e RCPs should be run in order of priority to provide
'

pressurizer spray. '

/ e Fcoldout page should be open.

#[ Check RCP Status:,
#

. c. At least one RCP - RUNNING c. IF no RCP running, THEN try to start'

one RCP:

/
.

1) Estchlish conditions for running

-|y one RCP - [Entar plant specific
.

list.]

2) Start one RCP.
b. If more than one RCP running,

'

step c!! but one RC?

_
2 ? Reset 31.

3 Reset Containment isolation
Phr.se A.,

f,.g 4 Compere RCS And Steam Generator
Qcjf Pressures:

a. RCS pressure - GREATER THAN o. IF RCS pressure less than steam
, OR EQUAL TO STEAM GENERATOR

generator pressures, THEN'

PRESSURES
>...

dump steam to condenser unti!

d press:res equal.

1) [ Enter plant specific steps.]

,lF condenser NOT cvailable,
THEP use steam generator PORVs.

m' HI Ester plant spealic value correspondurt to R W57switchover alarm in plant wfic unic.'

m Entersum of re p.ve and pec:sure measurement system errors translated into temperature usurt saturcnon tables.
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ES-1.2 POST LOCA COOLDOWN AND - % a>.,.

Basic LDEPRESSURIZATION (Cont.) 1 sept.1981

STEP
ACTION / EXPECTED RESPONSE

RESPONSE NOT OBTAINED

-

-

-

5 Verify Adsqvate Shutdown
Borate as necessary.margin. ,

6 Initiate RCS Cooldown:

a. Maintain cooldown rate - LESS
t

THAN 100*F/HR

b. Dump steam to condenser:
b. Dump steam with steam

[ Enter plant specific list) generator PORVs.

c. Maintain steam generator narrow
c. Throttle AFW flow asrange level - AT.LIL %

necessary.
'

RCS subcooling must be maintained greater,,

than m of during any RCS depressuri ation.

7 Try To Restore Pressurizer Level
i

Abeve 20%:

a. Maintain RCS subcooling - c. ' Continue dumping steam.
GREATER THAN * *F

~
b. Reduce pressurizer pressure with b. Use one pressurizer PORV. IF

normal spray
pressurizer PORVs NOT available,

.

THEN use auxiEary spray.'

c. Pressurizer level - GREATER_

c. Perform steps 9 and 10. WHEN
THAN 20%

level reaches 20%, THEN do step 8.

8 increcis Pressurizer Tempenrture:

a. Energize heaters
,

b. Restore terrperature to 50*F
cbove core exit TCs

c. Maintain temperature - GREATER

THAN 50*F ABOVE CORE EXIT TCs

(1) Enter plant spectic value corrapondurg to n&nad steam generator levet urclucing allo aerrors cr.d refnnce |er process errors. w nces for post acesdent transmarter

(2) Enter surs of temperature and presrure meaturrment system e rors translated nto
ter:perature nasant saturation tables.s
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gy POST LOCA COOLDOWN AND
a wo

go.ge,

i I DEPRESSURIZATION (Cont.) i s.pt,1931

STEP
ACTION / EXPECTED RESPONSE | RESPONSE NOT OBTAINED --

-

_

-

9 Provent t.ccumuletors From
lajecting:

a. Check power available to
a. Restore power to isolation

isolation valves valves.
b. Close isolation valves b. Vent any un-isolated cccumulator

tof!_ psig.

10 Check RC5 Pressure:

a. RCS pressure - GREATER
o. [F pressure less than 400 psig,

THAN 400 PSIG THEN go to step 15.

RCP seal cooling (either sealinfection or CCW) must
be maintained at all times.

11 Depressurize RCS By Reducing
Charging /Si Flow:

a. Open charging /SI pump miniflow path

b. Throttle Si flow from one charging /SI
pump ,u

. c. Maintain pressurizer)ev1!Iwith c. Use one pressurizer PORV.
normal spray

E pressurizer PORVs N_0_T available,
THEN use auxi!ia.7 spray.,

d. Check charging /SI pump discharge d. E discharge pressure greater
-

pressure - LESS THAN C> PSIG then.SL psig, THEN:
, 1) Stop pump.

2) E another charging /SI pump is:

running, THEN repeat step 11.
[F @_T, THEN go to step 12.

e. Check RCS pressure - LESS THAN e. E RCS pressure greater than
400 PSIG

400 psig, THEN repeat
.

step 11.

(!) Enter value such that urrection of accumulator water (mm this pressure wdl not rundt in namten injectwn at lowRCs pressure.
*

Q) Enter chargant/51 pump ducharge pressure at maniflow.
_
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ES-1.2 POST LOCA COOLDOWN AND A m P6e./Dem
sosic

DEPRESSURIZATION (Cont.) 1 sept.1981
l
,

STEP
ACTION / EXPECTED RESPONSE

!-

RESPONSE NOT OBTAINED -

-

12 Estoklish Normel Charging Path:

a. Isolate BIT flow path
'

b. Fully open manual throttle volves

c. Open normal charging line

d. Verify seal injection flow pathi

e. Start one charging pump

13 Check RCS Pressure:

a. RG pressure - LESS THAN
c. g pressure greater than 400

400 PSIG
psig, THEN throttle charging
flow control volve.

,

g RG pressure remains above
400 psig, THEN go to step 14

b. Go to step 15
.

Do not open high-head SIpump miniflow valves if the
SI system is in cold or hot leg recirci.lation.

14 Depressurize RCS By Reducing High. heed
$1 Flow:

-

a. Throttle flow from one high-head SI'
_, pump

b. Maintain pressurizer level with b. Use one pressurizer PORV.
normal spray.

E pressurizer PORVs NOT cvailable,
THEN use auxiliary spray.

c. Check high-head Si pump discharge c. ]F. discharge pressure greater;
pressure - LESS THAN !!LPSIG than m psig, THEN:

1) Stop pump.

24 IF another high-head Si pump is
.unning, THEN repeat step 14. IF
NOT, THEN go to step 15.

d. Check RG pressure - LESS THAN d. E RG pressure greater than
400 PSIG

400 psig, THEN repeat step 14..

(1) Emer high-head Sipump discharte pressure at mutiflom.,

8 O$ 6
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POST LOCA COOLDOWN AND aa m
*

Sasle
DEPRESSURIZATION (Cont.) 1 sept.1981

!

!STEP
/.CTION/ EXPECTED RESPONSE RESPONSE NOT OBTAINED

-

-

15 Check RC3 Conditions:
)

a. RCS pressure - LESS THAN 400
PSIG

b. RCS hot leg temperature - LESS
b. Continue dumping steam.

THAN 350*F

16 Evsivete Plant Statva:

a. Determine if RHR con be placed
o. If NOT, THEN return to E-1,

in service for cooldown.
LOSS OF REACTOR COOLANT.

- END-

.

4

~.

. -

l

|

1 -
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FOLDOUT FOR E-1 AND ES-1 GUIDELINES
1. RCP TRIP CRITERI A

* Trip any RCP if component cooling water to th:t pump is lost.
-

* Trip all RCPs if EDTH conditions listed below are met:

a. Si is ON.

b. RCS pressure - EQUAL TO OR LESS THAN I'!.PSIG.

2. Si TERMINATION CRITERIA FOLLOWING LOSS OF REACTOR COOLANT
a. Terminate SI when ALL parameter listed below are met:

(1) RCS Pressure - GREATER THAN 2000 PSIG
(2) RCS Subcooling * *F

(3) Pressurizer level- GREATER THAN 50%
(4) Heat Sink:

(a) SG Level-!.#2 % NR
- OR -.

(b) AFW Flow !.!!GPM
.

. 3. St REINITIATION CRITERIA FOLLOWING LOSS OF REACTOR COOLANT
a. Reinitiate Si if ANY ONE of the parameters listed below occurs:

(1) RCS Pressure - LESS.THAN!' PSIGl

(2) RCS Subcooling LESS THAN !.22.p

(3) Pressurizer Level- LESS THAN 20%

4. COLD LEG RECIRCULATION SWITCHOVER CR!TERlON

IF RWST level less nan 82 %, THEN align Si tystem for cold leg recirculation per ES-1.3, TR ANSFER
TO C04.D LEG RECIRCULATION FOLLOWING LOSS OF REACTOR COOLANT.~"

S. SYMPTOMS FOR FR-C.1, RESPONSE TO INADEQUATE CORE COOLING

Go to FR-C.1, RESSONSE TO INADEQUATE CORE COOLING when ALL symptoms in ANY ONE
of the.fcitowing symptom sets occur:

p SYMPTOM SET

I l 11 Ill

I >1200*F >700*F
1.TC

,
-

2. Containment Condition ABNORMAL ABNORMAL-

3. RCP Status
- ANY ON ALL OFF4. RVLIS
- ( 100% NR (!.81%WfWtl

6. SYMPTOMS FOR FR H.1, RESPONSE TO LOSS OF SECONDARY HEAT SINK

Go to FR-H.1, RESPONSE TO LOSS OF SECONDARY HEAT SINK,if AFW flow is NOT AVAILABLE.

(1) Enter piant specific scant dertvedpom backsvound document to E-0.

(2) Enser sum of rempera se and pressure measurement ryssum errors transisted mto semperature ustng naturetson sabiez
(3) Enter plant r;ectfLe novow range solue which sncludes altosance for normal channel accuracy. porr.acenden t sverumttter a rvers

and referener arg proces'errovL
(4) Enter plant cretfic se weforlow pressurtzer presnure SiatspoML
(3) Enter plant specifle seant correspondtrRr to R is37 rutchoner alarm in pian t specifle uratts
(6)

EnterQ&ent spectfic snane whneh Lt 3% feet abose bottom of aenrve fur! sn core wtth stro woldfracnon, plus une*ranintnel
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With the system temperature and pressure established at the allow- .

able values for operation of the residual heat removal system, a
,

decision can be made as to whether to attempt to place the RHR
system in service. Depending on the specific plant design, placing

-

the RHR system in operation may require defeat of various inter-
locks and must be carefully evaluated before proceeding. }

The spectfic objectives of the Post-LOCA Cooldown and Depressuriza-
tion guideline are as follows:

!
1. Cool down the secondary side of the steam generators to temin-

ate the transfer of stored heat from the steam generators and
to begin the cooldown of the reactor coolant.

2. Maintain the required shutdown margin as the reactor coolant
temperature is decreased.

3. Maintain the subcooling of the reactor coolant.
.

4. Attempt to restore a water level in the pressurizer.

5. Reduce the reactor coolant pressure by venting or quenching the
steam bubble and reducing the injection flow rate into the

' reactor coolant system._.

The plant systems may be operating in the inje. lon mode as a
result of the automatic actuation signal, with at least one train
of safeguards components in operation, or may be in the recircula-
tion mode. It is intended that the post-LOCA instructions be ;

implemented only after the plant has been trought to a relatively
-

stabTe condition and there is a need to reduce the reactor coolant
temperature and pressure. The actions are not to be taken until
directed to by E-1. )

S-/.2

8187T:1 2
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I. INTRODUCTION f

The system transients applicable during the use of this guideline
are contained on the background document for E-1, " Loss of Reactor
Cooiant".

.

The required operations to mitigate the consequences of a less of
coolant accident are described in Emergency Guideline E-l. Correct
performance of the required actions will bring the reactor plant to

'
a relatively stable condition in which the injection flow approxi-
mately equals the leak flow. Depending on the size of the leak,

a

the reactor coolant pressure may be near the containment pressure
(large break), near normal operating pressure (small break) or at
any intermediate pressure.

The plant is designed to remain in the recirculation mode (either
cold or hot leg) for an indefinite period. In this mode of opera-
tion, the reactor coolant pressere will remain at a value dependent
on the size of the leak and the safety injection system character-i

istics. Some or all of the residual heat of the core will be
carried away with the leak flow and will be dissipated to the
environs through heat exchangers in the safeguards systems. For'
very small breaks in which the leak flow is not sufficient to
remove the core heat, the reactor coolant temperature will remain
eleveded to allow the steam generators to remove some of the heat..

The Post 40CA Cooldown and Depressurizaticn guideline is provided

( to describe additional opti.onal actions which will change the
status of the reactor plant. The specific purpose of the optional
merator actions is to bring the reactor coolant system tegerature
and pressure to or below 350 degrees F and 400 psig respectivelr

( and'to ?tteg t to restore an indicated water level in the pres-'.

surizer.

( ES- /. 2

8187T:1 1
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II. RECOVERY DESCRIPTION

Referrir.g to the block diagrams (figure 1), a sumary description
of this guideline follows. Where a spec 1fic plant design must be.

. assumed in developing a step, the standard Westinghouse 412 design
was used. The fluid system configuration is shown on figure 2.

A. The initial group of steps establishes "nomal" plant condi-
tions for cooldown. These include having one RCP running,

( resetting SI and containment isolation, reducing secondary side
pressure (if required), and verifying adequate shutdown margin.

B. After estcblishing stable initial RCS conditions, a contru ied
cooldown is begun by steam dump.,

C. The next set of steps attempts to restore pressurizer level so,

that the heaters can be used to maintain subcooling margin.

i D. The next step isolates the accumulators to prevent them from
maintaining RCS pressure and injecting nitrogen during the
subsequent depressurization steps..

2. The next group of steps begins RCS depressurization if the RCS-.

pressure is above the RHR cut-in pressure of 400 psig. This
depressurization is accomplished by inrottling the charging

'

pumps. This throttling is terminated when either all charging
pumps are stopped (to prevent dead heading the pumps) or the

, RCS pressure is below 400 psig. The charging pumps are then,

'

re-aligned to the normal charging flow path. If the pressure
remains above 400 psig, the throttling procedure is repeated
with the high-head SI pumos. After the high-head SI pump
throttling is complete, the RCS pressure will be below 400 psig.,

The guideline describes the W standard 412 arrangement. For
_

plants without charging /SI pumps, the high-head SI pumps would

ES- 1 2.
8187T:1 3
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be throttled, and thG nomal charging flow path would be estab- )
lished. For plants with charging /SI pumps but no high-head SI

,

pumps -the steps dealing with high-head SI pumps would be
deleted.

- F. The final steps verify the plant has been brought to RHR condi-
0tions (less than 350 F and 400 psig), and directs the plant

staff to determine the long-term plant status.

lIII. DISCUSSION OF SPECIFIC GUIDELINE STEPS, CAUTIONS AND NOTES '

A. Caution before Step 1: This caution warns that, if cooldown
and depressurization has begun before transfer to cold leg
recirculation, the operator must imediately go to the transfer
procedure upon reaching the appropriate RWST level setpoint.
This transfer to cold leg recirculation has priority over the.

cooldown and depressurization operations. For plants with
semi-automatic transfer to recirculation, the appropriate RWST,

Ilevel is the automatic transfer setpoint. For plants with
manual transfer, the RWST level alarm which alerts the operator
to commence transfer is apprnpriate.

B. -Note before Step 1: This note explains that the RCPs do not
have to be tripped on low RCS pressure as required in guideline

? E-1, provided that a controlled RCS depressurization is in_
'

progress. This allons use of an RCP during the subsequent
steps to achieve RCS pressure control (pressurizer spray) and a

~

homogeneous RCS mixture. However, if RCS subcooling is lost, ;

the RCPs must be stopped for pump protection.

.

C. Step 1: The intent of this step is to insure that one, and
only one, RCP is running. Since this procedure is entered from

|
E-1, it is possible all RCPs were tripped. However, as noted
in part B, it is desirable to start a RCP. Therefore, part a
of this step first checks if at least one RCP is running. If

[S - /. 2
8187T:1 4
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all are off, the operator should attempt to start one, after
t establishing that the necessary support systems (e.g., compon-

ent cooling water, electrical power, seal cooling) are avail-
- able. If there is more than one RCP running, all but one

should be stopped, as described in Step lb. This is consistent
( with normal plant cooldown procedures. One RCP is sufficient

for homogeneity and pressure control. More than one RCP

running will, unnecessarily extend cooldown by adding heat to
the RCS.

(
There is a distinct order of preference for RCP operation. If

possible, tha RCP in the loop with the surge if ne should be the
running pump. This provides maximum pressurizer spray capabil-
ity. The second choice is a RCP in a loop with a pressurizer
spray line. This would provide some pressurizer spray ca; tbil-
ity. (On some plants, maximin spray is obtained with either
pump in a loop with a spray line. In this case, there is no
preference between surge line and spray ifne loops.) If these
pumps are not available, an RCP in a loop without the surge
line or a spray line (for 3 and 4 loco plants) should be used.

-

These pumps will not provide term 1 pressurizer spray, but will
insure a homogeneous RCS with respect to temperature and boron

~f gradients.-

D. Steps 2 & 3: These steps advise the operator that, before some
of the actions to realign the systems can be taken, the auto-
matic actuation signals for safety injection and containment
isolation must be reset and blocked. However, tnese actions do

( not imply that safety injection flow will be changed or that
'

' the containment integrity will be violated. Specific examples
of required actions which depend on resetting safeguards

'

signals are establishing compressed air inside containment,
( opening charging / containment isolation valves, etc.

E. Step 4: For many larger sized breaks, the reactor coolant
temperature will decrease rapidly, due to the loss of heat out

ES - 1. 2
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the b' reat, and will become lower than the t
water and steam on the secondary side of the steam g

emperature of ther

This differential temperature is undesirable since itenerators.

to add heat to the reactor coolant. will tend

~
generator pressure is above the RCS pressureTherefore, if the steam

} the operator to imediately dtsup steam from all st, this step directs
tors to decrease the differential temperature and

eam genera-

the transfer of heat into the reactor coolant
consequently

method to dump steam is through the norsal path to the
The preferred.

condenser.

ator PORVs may be used.If the condenser is not available, the steam gener
min

This steam dump is to be controlled
-

such that the resultant steam generator pressure is at or
sitghtly below the RCS pressure.

The steam dump must be

controlled such that an RCS cooldown will not comence
the secondary pressure will not be continuously dSince.

the time, there should be no concern with respect tecreasing at

the steam ger.erator U-tubes. o uncovering

level drop significantly during this depressurizatiShould steam generator water
should be terminated. on, it

F. _ Step S:

The purpose of this step is to verify that the
required reactivity shutdown margin for the expected

- operation will be maintained. cooldown

' down is to begin, additional boron nay bemore than the contents of the BIT are injected before thFor small breaks in which littlee cool--

the cold shutdown boron corcentration since the BIT
necessary to reach

may not be sufficient to borate to the equilibrium cold
contents

'

down value. shut-

of borated water from the accumulators and RWSTFor large breaks, the injection of large volumes
the contents of the BIT, will provide the required b, in addition to,

. counter the positive reactivity addition due to the coold
aron to

.

own.

This stcp does not require sampling if the operato
dent that sufficient shutdown margin existsr is confi-

If samples are
required, the boron samples to determine RCS concentrati

.

on

65-/ 2
8187T:1,
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should be taken from as many sample points (e.g. hot leg, pres-
surizer) as practical. This is aspecially true if there are no
RCPs running, since boron gradients might exist in the RCS.
When determining the adequacy of the RCS boron concentration,
the required concentration should be adjusted, if necessary, to,.

account for any control rods which are not fully inserted.
Once boration (if required) is initiated, the operator may
proceed to Step 6 (cooldown), since the BIT contents would have

alrea@ been injected to provide sufficient shutdown margin
0down to an RCS taper 6ture of 350 F (assuming no more than

one control rod not fully inserted).

The beration path chosen is plant specific, and depends on
equipment availability. . The recomended method is to align the
highest boron concentration source available. In most cases,.

this would be the Boric Acid Tanks, since the contents of the
BIT alrea@ will have been injected.

,

G. Step 6. The actions of this step begin the cooldown of the
reactor coolant by use of the steam generator steam dump. The
steam generator water level sust remain above the tops of the
U-tubes. This action will assure that all of the tubes will be.

involved in the heat transfer and there will be no concern for
? a vapor bubble remaining in the primary side of the U bends and

.

interferring with the circulation of the reactor coolant. This
is particularly important if all reactor coolant peps are
stopped and the heat is to be transported to the steam genera-
tors by natural circulation.

Under sany LC0A conditions the liquid inventory in the primary
systs will be such that vapor will exist in the reactor vessel
head, pressurizer and steam generator U-tubes. The vapor in
the reactor vessel head will remain unless the system is
repressurized sufficiently or the rector coolant pumps cause
circulation into the head to force the vapor back to liquid or

Es - 1 2.
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the vapor is allowed to expand and be condensed in the liquid
in the hot legs or steam generator tubes. The vapor in the

.

pressurizer can be vented or quenched by spray at the option of
the operator. The vapor in the steam generator U-tubes will be

_

condensed as soon as the water level on the secondary side
rises above the U bends and the temperature (pressure) on the )'
secondary side is reduced by the steam dep below the tempera-
ture on the primary side.

The steam dump flow rate should be established by nanual con- I
trol of the dep valves (or PORVs if condenser dap is not
available) such that the rate of cooldown of the reactor
coolant system does not exceed a rate of 100 F/hr, as indi-0

! cated by the reactor outlet temperature. It should be noted
i that if the reactor coolant system is in a naturil circulation.

mode, there will be a time delay of many minutes before the
;

steam dmp action is reflected by a decrease of the reactor1
-

coolar.t temperature. After the natural circulation has been
establir.hed, the reactor outlet temperature should trend down

| with the decreasing steam pressure, but rapid changes in the
!

stea:n pressure will not result in imediate corresponding
changes in the outlet temperature.

The observed loop temperatures and temperature differences
:

(T , T and AT) can be expected to vary from loop-to-loop andH C
| may deviate at any single observation. Only the trended valves

'cf these parameters should be utilized to infer the continued
existence of the natural circulation #10w,

'

|

The operator must watch for a change in the trend of the
reactor coolant temperature which would indicate a loss of
natural circulation flow. One cause of the loss of circulation
could be an excessive rate of steam damping which results in a
cold water block in the loop seal under the reactor coolant

Es-i. 2
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pump. By decreasing the rate of steam dumping the thermal
( s

gradient can be reestablished between the hot and cold legs
sufficient to sweep out the cold slug from the loop seal.

- Once the cooldown operation has been established, the operator
I should proceed to Step 7. If a reactor coolant pump is in

ope ation this action will occur early in the procedure because
the cooldown operation will be established and verified quickly
as in a normal cooldown. However, for a natural circulation

,

( mode there will be a significant tire delay before the cooldown
operation can be established and verified.

H. Caution before Step 7: This caution alerts the operator that
subcooling must be maintained in the RCS. This caution is

placed before Step 7, since a temporary depressurization will
take place in this step. In addition, this caution applies to
subsequent steps, where permanent pressure reductions will
occur,

.

I. Step 7: This stcp attempts to restore pressurizer level. For
small RCS breaks, pressurizer level will be restored. For

- larger breaks, the level will not be restored; however, the RCS
pressure will also equilibrate below 400 psig.

?
_.

Part a of Step 7 re-iterates that subcooling must be maintained
at all times. Therefore, since the subsequent action of estab-
lishing level will cause temporary pressure reductions, sub-
cooling margir,must be established. The recompended margin is
50 F. A loss of subcooling during pressurizer steam volume

reduction could result in formation of voids in the reactor
'

' vessel, and thereby cause a premature and erroneous return of
pressurizer water level.

t

Once subcooling margin is verified, or obtained by waiting for
RCS cooling, the action of obtaining pressurizer level by

tE3i- /. 2L
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reducing steam pressure will cause the leak flow out of the
system to decrease and also will allow the safety injection
flow to increase due to the lower backpressure on the injection
system. The combination of lower bleed flow and increased feed

_ flow will result in a net water input to replace the volume of i

steam removed. The system will tend to return to an equilib-
rium pressure where the bleed flow is equal to the feed flow

_

but with a larger liquid inventory in the reactor coolant
system. The steam volume reduction operation is to be con- -

tinued, as long as the coolant subcooling is maintained, until '3

the liquid inventory has been increased to bring the water
level back into the pressurizer. Note that the prevailing
system pressure will not be significantly reduced because the
equilibrium pressure is determined by the balance between the
leak flow and the injection system characteristics.

The two methods of reducing the steam volume in the pressurizer

are by quenching some of the steam by spray or by venting to
,

the PRT. The preferred method is the use of the normal RCP
controlled pressurizer spray. If a RCP is not in service, one
PORY can be used to vent the steam. The objective is to remove
some of the steam from the pressurizer to allow the water level
to rise back into the pressurizer by action of the safety
.dnjection flow.

-.

Auxiliary spray should not be used unless there is a require-
ment to depressurize and the normal spray or PORVs are not

available. Forcing cold water through the pressurizer spray '

nozzle would create an excessive thermal transient to the
.

piping, nozzle and pressurizer shell and only a few such ther-
mal shocks can be tolerated.,

i

If a PORV is used, the operator must monitor the PRT para-
meters, af ter having utilized the PORV, to detect a leaking
PORV. If the PORV does not close tightly after use, the isnla-
tion valve can be closed to stop the leakage.

/ES - /. 2
8187T:1 10
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The steam volume should be reduced, until the water level has
been restored into the pressurizer with all safety injection
pumps in service and thE steam dump valves full open. For
relatively large size breaks the water level will not return to

-

the pressurizer and the safety injection system will simply
make up for the leak flow at the prevailing system pressure.
However, for smaller size breaks the water level can be made to
return to the pressurizer at a pressure which will be dependent
on the size of the leak. If the steam volume reduction opera-

( tion is continued, the steam bubble will be completely removed
and the pressurizer will become filled solid. This should be
avoided if possible but it should be recognized that gross
control of system pressure is also possible with the pressur-
izer filled solid.

.

The safety injection termination criteria established in E-1
does not apply to this subprocedure. That is, safety injection.

flow must remain in service during the steps in this instruc-
tion until the injection flow is deliberately decreased by,

throttling of the flow paths and selectively stopping individ-
ual safety injection pumps.

.

If level is not achieved and the subcooling limit is being,

-. approached, the depressurization operation should be terminated
until subcooling margin can be re-established.

.

J. Step 8: With a water level reestablished in the pressurizer,
the water can be heated by the pressurizer heaters to develop a
differential temperature between the reactor outlet and the-

pressurizer water. It should be noted that the reactor coolant
system pressure is still being controlled by the bleed and the
feed process created by the leak and the safety injection
flow. Under these conditions, if the pressurizer were to be
heated to saturation conditions and the heating continued, the
water would be forced out of the pressurizer by the growing

(S-f.2.
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stean bubble. Thereforo, it is not necessary or desirable to
take the pressurizer to saturation conditions before proceeding

g
'

to the following depressurization steps. However, it is recom-
mended that the pressurizer water be maintained at least 50 F0

higher than the reactor outlet temperature to help assure that
_ the coolant in the reactor remains subcooled.

When the pressurizer heaters are energized and if the a.c.
electrical power is being supplied fran the emergency diesel-
generators, all energized heaters must be supplied from only )
one diesel generator. The reason for this caution is to avoid
arcing between terminals and potential loss of both electrical
buses if the generators are not in phase and there is an

adverse environment around the heater tenninals.

K. Step 9: After the water level has been returned to the pres-
surizer, the heaters h ave developed a differential temperature

0
of 50 F and the combined action of the leak flow and injec-
tion flow are maintaining a reactor coolant pressure above 400

,

psig, the sytem depressurization action can begin. To avoid
the unnecessary injection of the contents (in particular the

-

compressed gas) of the SI accumulators for certain small breaks
as the system pressure is deliberately reduced, the SI accumu-
lators should be isolated by closing the outlet isolation
yalves.

If for some reason the isolation valves cannot be--

utiltrac, the gas should be vented off to the containment to

reduce the gas pressure to about 400 psig. Some residual gas
pressure should remain in the accumulators so they will remain

)available as a source of borated cooling water. The exact
final pressure can be calculated for each plant, considering

'the accoulator volume, normal nitrogen volume, and normal
accumulator pressure.

i
L. Step 10: Before throttling any pumps, the RCS pressure should

be checked. If it is alreacty below 400 psig, there is no need
to throttle flow, and the throttling steps are skipped.

ES-/.2.
8187T:1 12
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M. Caution before Step 11: This caution reminds the operator that
l' charging pops may be turned off in the next step. Therefore,

to insure a RCP seal cooling source, steps may be required to
establish component cooling water to the RCP therinal barrier.

_

i N. Step 11: Each section of this step will be discussed sepa-
rately. This step is modeled after the E standard 412 fluid
system configuration, which utilizes both charging /SI and high-
head SI pups as high pressurt injection. For plants with only
charging /SI pumps, this step is applicable. For plants with

,

only high-head SI (and non-safety grade charging peps) this
step is not applicable. A flow diagram is shown on figure 2
representing the 412 arrangement during tl 2 injection phase.
The location of valves used for throttling is indicated by an
arrow.

The objective this step is to throttle or to terminate the flow
from the charging /SI pumps if required to cause the reactor
coolant pressure to decrease to 400 psig or less. That is, the

I injection flow is made to continually balance the leak flow at
progressively lower reactor coolant pressures while simulta-

- neously, the steam bubble in the pressurizer is reduced in
pressure (by quenching or venting) to maintain the indicated

# pressurizer water level. For those break sizes for which the.

high head SI pump subsystem alone can compensate for the break
flow, the charging p ups can be stopped.

.

The charging pumps are selected as the first subsystem to be

( throttled since they provide the larger share of the injection.

flow at elevated system pressures. If two pumps are in opera-
' ' tion, it is reconsnended that one pep not be tripped in an

attempt to decrease the injection flow. As seen from figure 3,

( the stopping of flow from one pep can result in a very large
change in the value of the equilibrium pressure at which the
leak flow and injection flow are balanced. This large change

E S - | 2.
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in pressure would have to be comptnsated by a significant '

change in the pressurizer steam bubble, i.e. either quench or
vent some of the steam volume, or the water level would recede
out of the pressurizer.

a) '
~

The charging /SI pump miniflow isolation valves are open to
provide pmp protection.

b) One charging /SI pump should be throttled using the isolation
valve at the discharge of the pap. If another valve, better }

suited for throttling or located more conveniently exists, it
should be used. The operator performing the throttling must be
in consnunication with the control room. The throti. ling must be
done slowly and gradually, since rapid RCS depressurizations

may result in inadequate subcooling. The subcooling will tend
to increase due to the continuf ag cooldown of the coolant by
the stea.m dump and the depressurization operation must be

coordinated with the cooldown such that the subcooling is not
decreased by the coolant pressure being reduced mare rapidly -

than the temperature.

c) Since the reactor coolant pressure is being maintained by the
equilibrium between the leak flow and the safety injection
' flow, the only method available to reduce the system pressure
,is to throttle the safety injection flow. However, as the
' njection flow is decreased there will be a net outflow fromi- -

the system and the pressurizer steam bubble will expand to
. compensate for the outflow. The bubble expansion will result

;
in a lowering of the systen pressure but also will result in a
decreasing pressurizer eter level. Therefore, concurrent with
the reduction in the safety injection flow, the steam bubble in
the pressurizer nust be prevented from expanding by either

.

quenching by spray or by venting to the PRT. The injection
flow decrease and steam volume reduction operations must be

accomplished simultaneously and carefully to avoid losing the
indicated pressurizer wter level.

ES- t. z
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i

The heaters can then remmin energized to maintain the pres-
I 0surizer water temperature at least 50 F higher than the

reactor outlet temperature.

d)
( -

As the charging /SI pep is throttled, RCS pressure will
decrease. During throttling, the pump flow must not decrease
below its minimum allowed flow. Therefore, as the operator is
throttling, he should observe the local pump discharge pres-
sure. If the pressure is approaching the head developed at

; mintflow, the pump should be stopped. If the pressure is less
'

than the miniflow head, throttling should continue until either
the miniflow head is reached, or the RCS pressure is less than
400 psig.

If the charging /SI pump miniflow head is reached, that pump
'

should be shutdown. If a second charging /SI pump is running,
that pump should then be throttled. If no charging /SI pumps

-

are running, the operator should proceed to realigr. the
charging system (Step 12).

.

e) Throttling of the charging /SI pumps continues until either both
peps are stopped (Section d), or until RCS pressure is below

,

400 psig. This step allcws a check to determine if additional
throttling is required, or if the desired pressure has been,

achieved.-

D. Step 12: This step aligns the charging /SI pumps from the
safety injection mode (through the BIT) to the nomal charging

( path. If both charging pumps were stopped in the previous step
and RCS pressure is still above 400 psig, realigning this-

, system 'will not decrease the RCS pressure. However, this
alignment provides remote charging flow conto 1, and insures

( seal injection flow without large injection flow which will
keep RCS pressure high.

ES- /. 2.i
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P. Step 13: This step provides another check of RCS pressure once
normal charging flow has been established. If the RCS pressure
was only slightly above 400 psig before both charging /SI peps
were turned off, it is possible that additional throttling may
achieve the desired pressure. If the RCS pressure remains
above 400 psig, the charging flow should be throttled in the I

.

normal range, and the operator should proceed to Step 14.

Q. Caution before Step 14: This caution warns that the high-head
SI peps should not be allowed to pap sep water to the RWST |
(and hence the environment). This could occur if the miniflow
valves were opened during cold leg or hot leg recirculation.

R. Step 14: This step is identical to Step 11, and would be
implemented if RCS pressure remains high. Therefore, the
discussion for Step 11 is applicable to this step. For plants.

without charging /SI peps, this is the first SI throttling
, step. For these plants, once RCS pressure is below 400 psig,

the normal charging system may be aligned (similar to Step 12)
to allow normal charging / pressure control.

S. Step 15: This step veriffes that the desired RCS conditions
have been achieved. The RCS pressure is naintained less than

400 psig, and the RCS temperature (cooldown has been proceeding
throughout this guideline) is less than 350 F. If the tem-0

'

0perature is above 350 F, steam dump must be continued.
.

T. 'S tep 16 : The fit.al plant conditions and the' time they are
reached will depend on many factors; but it is expected that

,for small breaks, the pressurizer level will be restored on
scale and the reactor coolant pressure and temperature can be
reduced to below 400 psig and 350 F respectively. If the0

above conditions are successfully established, consideration
can be given to placing the residual heat removal system into

service to avoid continual use of the steam dump and auxiliary
feedwater systems and thus transfer to a closed loop cooling,

[S- /. z, *** *
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It should be noted that a reactor coolant makeup capability
must be unintained to compensate for the leak flow. This
makeup may be taken frcrn the containment building stnp. Some

portion (either sump recirculation or RWST injection) of the
~

safety injection path must remain in service. Plant specific
'

designs may or may not allow the simultaneous use of the safety
injection low path and the residual heat removal system.

If it is possible in a specific plant to place the RHR system
i in service and maintain the coolant makeup capability, it may

be necessary to defeat or bypass certain interlocks which are
provided to specifically prevent having the RHR system inlet
valves and sump valves open at the same time.

'

For those plant designs or under specific accident conditions,

under whict, the RHR system cannot be put into service, the
safeguards systems can remain in the long tenn recirculation

-

| mode with the core residual heat being dissipated through the
safeguards heat exchangers and for small breaks, through the

,;

steam generator steam dump system.
t

.

e
- , .

I

t

'
|

|

ES - /. 2.
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Revisiese No./DeveE3

STEAM GENERATOR TUBE RUPTURE 8**I*
1 Sept.1981

s

STEP ACTION / EXPECTED RESPONSE ,
RESPONSE NOT OBTAINED

-

,

-

'
-

g; If allsteam generators are ruprured, the steam'

generator with the lowest levelshould be used for
subsequent RCS cooldown. DO NOTisolate this
steam generator. Consider it non-ruptured.

r
NOTE e Foldout page should be open.s

e Personnel should be available for sampling during
this procedure.

1
Identify Ruptured Steam Generator (s):

[F NOT immediately identified, THEN_
* Unexpected rise in o..f steam continue with steps 3 through 9.

generator narrow range level WHEN ruptured steam generctor(s)-

* High radiction from any steem identified, THEN do step 2.
.

generator blowdown line

1) [ Enter plant specific steps for
opening blowdown lines

. sequentially to check radiction]
,

* High radiction from any steam
generctor sample

* High radiction from any steam
generator steamline

2
Isolete Ruptured Stecm Generator (s):

_.

a. WHEN in ncrrow range, TJH stop all
AFW flow to ruptured steam
generator (s)

1) [ Enter picnt specific steps]

b. Cose ruptured steam generator (s)
b. Cose non-ruptured steam generator

main steamline isolation volve
cnd bypass velve main steamline isolation valves

and bypass volves. Use non-

ruptured steam generator PORVs for
,

steam dump.'

c. Verify ruptured steam generator (s) c. Manually close ruptured steem
PORVs closed

generator (s) PORV.
d. Cose ruptured steam generator (s)

steam supply valve to turbine-driven
AFW pump

,

1 of 11
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E-3
STEAM GENERATOR TUBE RUPTURE (Cent.) 82*I*

,1 Sept.1981
|

STEP
ACTION / EXPECTED RESPONSE

RESPONSE NOT OBTAINED

-

, -

( 3 Check Pressurizer PORY Block
--

Ycives:

a. Power avcilcble to block volves c. Restore power to block vcives.
b. Block valves - OPEN b. Open block valve unless it was '

closed to isolate a faulty PORV.

4
Check Pressurizar PORVs:

c. PORVs - CLOSED
2. Manually close PORVs. IF cny

volve cannot be closed, THEN
manually close its block valve.

a e IF any pressurizer POR V opens because of high
RCS pressure, repeat step 4 after pressure drops
below POR Y setpoint.

.

e Sealinjection flow should be maintained to all
RCPs.

'

S Check if RCPs Sheuld Be Stopped:

a. 51 running - CHECX FOR FLOW
a. DO NOT STOP RCPs. Go tog OR PUMP BREAKER INDICATOR step 6.'

UGHT5 LIT
.

* Charging /51

, -OR-
.

- -

* High-hecd 51

| b. RCS pressure - EQUAL TO OR LESS
b. DO NOT STOP RCPs. Go toi

THAN "> PSIG- step 6

(. c. Stop oil RCPs

'

L
~ '

i

f

/

H) Enter plant specific value derrved from background document to E-o.

!

2 of 11
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E.3
STEAM GENERATOR TUBE RUPTURE (Cont.) 8*'''

1 Sept.1981

STEP
ACTION / EXPECTED RESPONSE | RESPONSE NOT OBTAINED

-

(- 6 Check If Law. head St Pumps Should
Be Stopped:

a. Check RCS pressure:

1) Pressure - GREATER THAN 1) LF less than.Lil.psig, THEN
#1 PSIG( go to E-1, LOSS OF REACTOR

COOLANT, STEP 13.

2) Pressure - STABLE OR
2) LF decreasing, THEN go to

INCREASING step 7.
b. Reset Si

c. Stop low-head 51 pumps and picce
in standby

, IF RCS pressure drops below ") psig, the low-head SI
pumps must be manually restarted to supply water to
the RCS.

('- 7 Check Electrical Power And Air Establish power supplies, as
supply Available To Essential

necessary.
Equipment:

,0. [ Enter plcnt specific list)

o
--

k '

,

.

I e.

<
|
!

| (11 Enter plant specific shutoff head oflow-hecd sipumps.

.
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E3
STEAM GENERATOR TUBE RUPTURE (Cent.)' 8 ** '*

1 Sept.1981

1

STEP
ACTION / EXPECTED RESPONSE

--

RESPONSE NOT OBTAINED
,

--

|

(_ 8 t
Check Secondary Sy: tem Integrity:

!

a. RCS hot leg temperature - GREATER
o. E any hot leg temperature less

THAN "> *F
thonl/L*F and decreasing, THEN
close all main steamline isolation

( valves and bypass valves. E any
steam generator pressure continues
to decrease, T_ HEN _ go to ES-3.3,

SGTR WITH SECONDARY

DEPRESSURIZATION.
b. ALL steam generator pressures -

b. E any steam generator pressure less
GREATER THAN_aL PSIG thanJ.2L psig, THEN close all main

steamline isolation valves and
bypass valves. E any steam
generator pressure continues to
decrease, THEN C-0 TO ES-3.3, SGTR
WITH SECONDARY/

R. DEPRES5URIZATION.

Alternate water sources for AFW pumps will be.

necessary if CST levelis low.

9 theck Steem Generator levels:

a. Narrow range level - GREATER
c. E less than al %, THEN maintain'

~ THAN />> %
full AFW flow until narrow range
levelis greater than d> %

b. Throttle AFW flow to maintain
_

.( ~
narrow range level at ''> %

hoEre\

DO NOT PROCEED to step 10 untilfaadtettsteam,,

generator has been identified and isolated.

. -

(
ft) Enter plant speciDe temperature corresponding to lowest emected hot let temperature follownns a norrNat reactor trxp.
(2) Ente * pla t specife value corresponding to to pss above maxsmum Tech spec accumulator narrogen pressure.

0) Ente? plant specific value showong level just in the narrow range uncluding allowances for normal channel
accursty, post-ace: dent transmater errors and reference leg process errors.

(4) Enter plant specific value corresponding to no-load steam generator lesel uscluding allowances for p
r

reference leg process errors. ost acciaent transmitter errors and

4 of 11
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| STEAM GENERATOR TUBE RUPTUP,5 (Cont.) UC IC
1 Sept.1981

(
STEP

ACTION / EXPECTED RESPCNSE)

RE3PONSE NOT OBTAINED ---,

(- 10 Cooldown Non ruptured Steam

Generators 50*F Below Ruptured Steam |
Generator. !

c. Determine required non-ruptured I
steam generator pressure in table
below:

RuFtured Steam _-

Generator Pressure
Required Non-ruptured Steam

(PSIG) Generator Pressure (PSIG)
1

Any RCP Running
All RCPs Stopped

1200 780,

1100 610
710

1000 550
640

900 . 490
570

800 430

(- 500
700 370

430
600 320

350
500 260

310
400 210

230
160

b. Rcpidly dump steam to condenser
,

from non-ruptured steam b. Rcpidly dump steem with
,

-

generators: non ruptured steem generator
PORVs.

1) [ Enter picnt specific steps]

.

.c. Check ruptured steam generator (s)
c. E decreasing, THEN_ go to ES-3.3,pressure - STABLE OR INCREASING

SGTR WITH SECONDARY
DEPRES5URIZATION, STEP 8.

'

* e If containment conditions are abnormal, go to E-1,
LOSS OF REACTOR COOLANT, STEP 9.

e Disregard RCP trip criteria for all subsequent steps
in this guideline.

:

'

l

5 of li
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E3
STEAM GENERATOR TUBE RUPTURE (Cent.) Besic |1 Sspt.1981 !

STEP ACTION / EXPECTED RESPONSE RESPONSE NOT OBTAINED |
-

-

11 Check RCS Pressure.
~

- c. RCS pressure - AT LEAST 200 c. IF NOT, THEN go to ECA-3,
PSI GREATER THAN RUPTURED SGTR CONTINGENCIES.
STEAM GENERATOR PRESSURE

12 Depressurize RCS Using Normal Spray:

a. Verify normal spray - AVAILABLE o. Go to step 14.
b. Open normal spray volves b. Go to step 14.
c. Verify RG pressure - DECREASING c. Oose spray valves and go to

step 14.

13 Check if RCS Depressurization Should
.

Be Stopped:

. c. RG pressure - LESS THAN OR o. Continue depressurization until
EQUAL TO RUPTURED STEAM either condition met.
GENERATOR PRESSURE

-OR-...

Pressurizer level - GREATER
~

THAN * %

, b. Stop RG depressurization by closing
spray ve'ves. _ .

c. Check pressurizer level - GREATER c. g level less than m %,THEN
THAN * % go to ECA-3, SGTR CONTINGENCIES.

d. Verify RG pressure - INCREASING d. g RCS pressure decreasing or
stable, THEN stop RCPs in loops with
spray line connections.

"

e. Go to step 16

. .

14 Depressurize RCS Using One

Pressurizer PORY:

a. Open one pressurizer PORV a. E RG cannot be depressurized using
any PORV, THEN use auxiliary spray.

I!) Enter plant specific salue corresponding to high press,trt:er level reactor inn serpoint.

m Enter plant specific value showing leveljust in span including allowances for normal channet accuracy.

6 of 11
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E3
STEAM GENERATOR TUBE RUPTURE (Cont.) 8 "' I'

1 Sept.1981
--

STEP ACTION / EXPECTED RESPONSE RESPONSE NOT CSTAINED
- '

-

IS Check if RCS Depressurization Should

(_ Be Stopped:

a. RG pressure - LES THAN OR c. Continue depressurization until
EQUAL TO RUPTURED STEAM either condition met.
GENERATOR PRESSURE

-OR-

Pressurizer level - GREATER
THAN * %

b. Stop RCS depressurizatiori:

1) Close PORV
1) Close PORY block valve.

2) Close auxiliary spray valve 2) Isolate auxiliary spray line.
c. Check pressurizer level - GREATER c. E level less than * %, THEN

-

THAN * %
go to ECA-3, SGTR CONTINGENCIES.

d. Verify RCS pressure -
d. E RCS pressure NOT increasing,

INCREASING
THEN check PRT conditions. E PRT(' conditions indicate RCS leck, THEN
go to E-1, LOSS OF REACTOR COOLANT.

fdHY|A% If PRT integrity is lost, abnormal containment
*

conditions muy not be reliable indications of a loss of
reactor coolant.

e

16 Check if SI can Be Termincted:
-

a. RCS pressure - INCREASES BY
a. DO NOT TERMINATE S1. H200 PSI

pressure has NOT increased by 200
psi AND pressurizer levelis stable or

( decreasing, THEN go to ECA-3, SGTR
,

CONTINGENCIES.

' b. Pressurizer level- GREATER b. DO NOT TERMINATE SI. Go toTHAN * % ECA-3, SGTR CONTINGENCIES.

c. RCS subcooling - GREATER THAN
c. DO NOT TERMINATE SI., m op

(~

$ Do not proceed to step 17 until all conditions in step
16 are met.

(1) Enter plant specst'c value corresponding to high pre:surt:et level reactor inn serpoent.

m Enter plant specific value showtng level just on span .'nduding o!/owances for normal channel accuracy.
o

11) E-te? suvt oitemperature and pressure measurement system errors translated mio temperature using saturation tabtes.
y

7 of 11
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STEAM GENERATOR TUBE RUPTURE (Cont.)B*8ic
- 1 Sept.1901

,

_

STEP
ACTION / EXPECTED RESPONSE

RESPONSE NOT OBTAINED L
,

- 17 Terminate SI:

a. Go to ES-3.1, Si TERMINATION

FOLLOWING STEAM GENERATOR TUBE
RUPiURE

18
Check If Condenser Can Be Used:

a. Condenser - AVAILABLE
a. E condenser not available, TJH

attempt to restore condenser. E
condenser can NOT be restored,

THEN evaluate if releases from tv/
, ,

_ Drd
!=!!:d steam generator will
exceed 10 CFR 20 limits. IF

10 CFR 20 limits will be exIeededAnduny Pd
runrdng THEN cooldown per E5-3.15GTR

ALTERNATE C00LDOWN.

19 Verify AdequateShutdown Margin
Berate, as necessary.

Steps 20 through 23 must be performed simultaneously
.

to avoid loss of pressuri:er level control.

20
Initiate RCS Cooldown To 350 F:

.

-

d. Maintain cocidown rate - LESS THAN
50'F/HR

b. Dump steam from non-ruptured steam
b. Dump steam with non-rupturedgenerators to condenser.

steam generator PORVs.
1) [ Enter plant specific steps]

Charging and letdown flows should be compared to
determine ifleakage between the RCS and ruptured
steam generator is stopped., .

( 21
Maintein Pressurizer Levella Normel -

Operating Range:

a. Operate charging and letdown, as
necessary

/

(

8 of 11
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STEAM GENERATOR TUBE RUPTURE (Cont.) 82*IC

1 Sept.1981(
STEP

ACTION / EXPECTED RESPONSE
RESPONSE NOT CBTAINED -

22(- Depressurize Ruptured Steam

Generefor(s): 1
'

a. Slowly release steam to condenser
a. Slowly release steam to

from ruptured steam generator
atmosphere with ruptured steam

1) [ Enter plant specific steps] generator (s) PORV.

fdMN'A% e Maintain RCS pressure and temperature within
normal cooldown limits.

e IF RCS pressure or pressuri:er level drop in an
uncontrolled manner, THEN reinitiate SI and
return to step 10.

23 Depressurize RCS:,

a. Reduce RG pressure to maintain
RCS/ ruptured steam generator
pressures equal

1) Use normal pressurizer spray
1) JE letdown is in service, THEN

-

.

Use auxiliary spray. IE NOT
in service, THEN use one

_

pressurizer PORV.
~

24
Determine if SI Accumulators should Be
Isolated:

_ ' c. RG pressure - LESS THAN OR
a. LF RG pressure greater than ">

EOUAL TO de PSIG
psig, T_ HEN return to step 20.

b. Close all Si accumulator isolation b. Vent any unisolated accumulator,valves

(' ~ 25 Check if RHR System Can Be Placed
in Servics:

a. RG hot leg temperatures - LESS
c. !! greater than 350*F, THEN

THAN 350'F IN NON RUPTURED
LOOPS

return to step 20.

b. RG pressure - APPROXIMATELY
b. IF greater than 400 psig, THEN

400 PSIG
return to step 21.

Do not collapse the pressuri:er bubble.
.f

fII Enter plant spectfit value slightly above normat occumulator press; ore.

9 of 11
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1 Sept.1981 !

;

STEP-

ACTION / EXPECTED RESPONSE
. RESPONSE NOT OSTAINEC -

(~ Placa RHR System in Service Per (Plant
26

Specific Procedure]

27
Continue Cooldown To Cold Shutdown:

; o. Cooldown using RHR |

(' b. At least one RCP - RUNNING
b. E all RCPs stopped, THEN continue

dumping steem from non-ruptured
steem generators until they have
stopped steaming.

28 Check RCS Temperature:

a. Temperature - LESS THAN m op-
c. E greater than m *F,THEN

return to step 27,
b. Stop cl! RCPs

_ c. Cooldown pressurizer

1) Spray pressurizer with
.

-

cuxiliary Spray

29
Maintain Cold Shutdown
Conditions.

.

- END -
0

-

C

. .

.

?

11) Enter plant specific number for stoppunt RCPs during normal cooldown.

10 of 11
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FOLDOUT FOR E-3 AND ES-3 GUIDELINES
.

1. ROP TRIP CRITERI A

e Trip any RCP if =omponent cooling water to that pump is lost.

* If a controlled cocidown is not in progress. then trio a" RCPs when BOTH conditions listed beloware met;

'

a. Si is ON

b. RCS pressure -EQUAL TO OR LESS THANJIL PSIG

2. S! REINITIATION ORITERIA FOLLOWING STEAM GENERATOR TUBE RUPTURE
Reinitiate Si if AN' ONE of tne parameters listed below occurs:

(1) RCS subcoo.ing LESS THAN f.!.PSIG

(2) Pressurize- ievel LESS THAN 20%
.

3. SYMPTOMS OF LCSS OF REACTOR COOLANT DURING STEAM GENERATOR TUBE RUPTURE
due only to failure of PRT rupture disc.G to E 1, LOSS 0: REACTOR COOLANT, if abnorrna! containment conditions persist AND are not

_

4. SYMPTOMS OF PRIMARY TO SECONDARY LEAVs AGE DURING RECOVERY ACTIONS
Cr.arging and letdow . flows should be compared to determine if leakage between the RCS and theruptured steam gene.ator exists.

5. SYMPTOMS FOR FR-C.1, RESPONSE TO INADEQUATE CORE COOLING

of me following symotom sets occurs:Ge to FR C.1, RESDONSE TO INADEOUATE CORE COOLING, when ALL symptoms in ANY ONE
?

.

p
SYMPTOM SET

I il lit
1.TCs

2. Containment Cond' tion >1200 *F > 700 *F-
r

3. RCP Status ABNORMAL ABNORMAL
-

4. RVllS ANY ON ALL OFF
-

< 100% NR < .f!!%Wf't R
-

.

6. SYMPTOMS FOR FR-H.1, RESPONSE TO LOSS OF SECONDARY HEATSINK '

Go to FR H.1, RES?ONSE TO LOSS OF SECONDARY HEAT SINK,if AFW NOT AVAILABLE.

(l) faterplatt aperffic naamar deriwdfrom backgroernd docarmert,
$2)

Enwr ators of armperwaars and perature meanttrme nt rytxem errors twraictrt bero semperen,ror arang anarranon anbies,,

(3)
EasvrpJantspect);c maniaar enhace st See feet above bottom of seavefuelun corr eth stro voidfractnors pl s nu u errannesees

.
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DESCRIPTION OF '

-

STEAM GENERATOR TUBE RUPTURE TRANSIENT l
.

.

This is a description of a typical plant response to a postulated steam
generator tube rupture accident and the potential actions, manual or
automatic, which may occur during recovery. The trends described are

(~ only representative and do not reflect exact times expected during the
transient since variations in manual actions or operable equipment, as
well as specific plant design and tube rupture size, will result in
different plant behavior. For this reason, specific time scales have

( been eliminated from the transient plots presented to emphasize only the
general trends,

t.oss of offsite power coincident with a steam generator tube rupture is
addressed as well as the more likely case of available offsite power.
potential failures compounding a steam generator tube rupture, such as

uncontrolled secondary depressurization and/or multiple tube ruptures,
have been identified and are presented separutelyO ,2) The symptoms.

which distinguish the simple steam generator tube rupture from the
various multiple failure contingencies are discussed in this document.

The transient plots presented of various system conditions are for a
double endcd rupture of a steam generator tube for a typical 4-loop
plant. Table 1 presents the sequence of automatic actions (A) and
simulated pperator actions (0) modeled in the results presented. For a
smaller tube rupture or different plant design - i.e., 2-loop or 3-loop

-

plants - the general sequence of events would be the same. The exact
times and. responses are plant and event specific. In some cases, the

.- operator may diagnose the event prior to automatic protection functions
and may manually operate the protection systems.

.

The Reactor C,oolant System (RCS) pressure transient. Figure 1, initially,

,. decreases toward the reactor trip setpoint as flow through the tube
-

rupture, in excess of charging pump capacity, depletes the primary
coolant inventory. The rate of pressure decay increases with tube

k E-3 1
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.

rupture size and decreases with increased charging pump' flow and
pressurizer volume. For the case presented, reactor trip occurs on

}overtemperature delta-T. -In other instances, the operator may only
receive an alarm indicating the close proximity of the reactor coolant

-

average temperature to the trip. This depends on the relationship
between the alarm and actual trip setpoint of the reactor on a plant
specific basis. Due to this delay, reactor trip could occur on low
pressure first. For smaller tube ruptures, the operator may trip the
reactor manually prior to automatic trip.

Following reactor trip the primary pressure decreases more rapidly as
sensible energy transfer to the secondary rapidly cools the RCS and tube
rupture flow continues to deplete primary in';aii.ory. This decrease in
RCS pressure results in a low pressure Safety Injection (SI) signal soon
after reactor trip. For smaller tube ruptures the operator may manually
initiate SI prior to automatic actuation. Normal feedwater flow is
automatically terminated on reactor trip and the auxiliary feedwater.

system is actuated to deliver flow to all steam generators. Eventually,
operator action is required to adjust auxiliary feedwater flow to
maintain the steam generator water level on the narrow range span,
Figure 2.

.

Secondary pressure will increase rapidly as automatic isolation of thei

turbine following reactor trip, momentarily stops steam flow from the_.

j steam generators trapping the steam in the steamlines. Normally,
| autcmatic steam dump to the condenser would be expected to dissipate

energy trans.fered from the primary, thereby limiting the secondary
pressure increase and maintaining programmed no-load RCS temperature.

In some cases, the steam dump may not adequately control the rapid
increase in pressure, which may cause the steam generator relief valves
or the ste'am generator safety valves to lift, releasing steam to the
atmosphere. If offsite power is not available, automatic steam dump to
condenser will not occur resulting in an increase in secondary pressure

'

to the safety valve setpoint pressure as illustrated in Figure 3. The

relief capacity of the safety valves is sufficient to maintain secondary
.

W

E-3 2 ''
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pressure approximately constant. In the event of an uncontrolled

( secondary steam release, such as a stuck open safety valve or steamline
fracture, secondary pressure will continue to decrease below no-load
pressure.

_ Automatic steam dump control is expected to establish and maintain

programmed no-load RCS temperature after reactor trip. If a reactor
coolant pump continues running, only a small core delta-T will, exist.
Consequently, the core inlet and core outlet temperatures will tend to
stabilize at no-load temperature until manual cooldown of the RCS is

( initiated. For the results in Figure 4, all reactor coolant pumps are
stopped at reactor trip. Steam dump to condenser is assumed unavailable
as a result of a loss of offsite power. SI flow and auxiliary feedwater
flow eventually reduce the RCS average temperature to near nc oad until

auxiliary feedwater is manually controlled to maintain steam generator
level jn the narrow range. In the event of an uncontrolled secondary
steam release the average RCS temperature would continue to decrease
below no-load temperature.

Initially, pressurizer water level will drop as break flow through the
-

ruptured tube in excess of the charging pump capacity depletes the RCS
inventory, Figure 5. The rate at which level decreases is dependent on
the size of. the tube rupture and the capacity of the charging system
since these determine the net mass loss of the primary. After reactor
trip, the primary coolant shrinkage associated with the rapid post-trip
cooldown and the continued loss of RCS inventory through the tube rup-
ture result in a rapid decreate in pressurizer level until SI flow

Pressurizer level may be offscale low prior to SI actuation.occurs.
-

The minimum level is dependent on tube rupture size, SI setpoint and
. capacity, and steam dump control. Maxiinum SI flow capacities were

assumed for the results presented in Figures 1 through 7.
.

-

When the post-trip RCS cooldown subsides, SI flow is expected to begink refilling the pressurizer and increase RCS pressure until 51 flow equals

E-3 3
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break flow, thus maintaining primary invantory constant. This equilib-
rium presst.re is dependent on the size of the tube rupture and SI capa-
city as demonstrated in Figure 6.

-

Pressurizer level may not return to
span during repressurization of the RCS. For multiple tube ruptures or
reduced SI capacity, RCS pressure may continue to decrease toward the
ruptured steam generator pressure until equilibrium is established.-

Manual actions may reouce RCS pressure and SI flow prior to reaching
t

-

equilibrium. .

Extensive operator action is required to mitigate the steam generator
tube rupture accident. The optimum recovery guidelint:

-

2, which form the
basis for the actions modeled in the results presented, have been devel-
oped through a comprehensive analysis program which investigates the
sensitivity of system response to potential operator actions. The logic
used to diagnose and recover from a SGTR event is demonstrated in the
attached diagram.

Detailed recovery steps are presented in the E-3,
" STEAM GENERATOR TUBE RUPTURE" emergency operating guidelines.A dis-
cussion of each step is provided in the following sections of this
report.

The typical system response to the recomended operator actions
is demonstrated in Figures I through 7.

The ruptured steam generator is identified by a high steam generator
water level.

For a double ended tube rupture, significantly more cool-
ant mass' exists in the ruptured steam generator early in the transient
as shown in Figure 2, so that identification on high water level is~,

expected.
! For smaller tube ruptures, high radiation indications may be

-

necessary for positive identification of the ruptured steam generator.
However., in such instances, the break flow would be less and, conse-
quently, more time exists to recover.;

i

Once identifled, the ruptured steam generator is manually isolated to
..

maintain the ruptured steam generator pressure above the non-ruptured'

and to minimize activity releases. Auxiliary feedwater flow is
'

terminated to the ruptured steam generator to reduce the chance of
filling the steamlines with water.

|
|

s

!
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Steam dump from the non-ruptured steam generators to the condenser, via

(
the steam dump system or through the atmospheric relief valves, is
initiated to reduce the RCS temperature to 50 F below the saturation0

temperature at the ruptured stearu generator pressure. This assures
adequate subccoling of the RCS after depressurization to the ruptured
steam generator pressure. The cooloown of the RCS is demonstratec in

(~ Figure 4. The associated shrink in primary coolant momentarily drops
the pressurizer level offscale and reduces the RCS pressure as shown in
Figures 5 and 1, respectively.

After the primary temperature is reduced, the RCS is depressurized to
' ~

the ruptured steam generator pressure to terminate break flow. The

preferred method of depressurization is the normal pressurizer spray
system. When this is not available or not effective, the primary pres-
sure is reduced by opening one pressurizer PORV. This method will cause
release to the Pressurizer Relief Tank (PRT), possibly failing the
rupture disk, and result in additional primary inventory loss. Conse-
quently, it is presented as an alternative method in the event that
normal pressurizer spray does not function. Figure 1 illustrates the
rapid decrease in RCS pressure when one pressurizer PORV is opened.

-

Pressurizer water level increases as SI flow in excess of break flow
replaces vented steam with water, as shown in Figure 5. For multiple
tube ruptures or reduced SI capacity, pressurizer level may not return
on span during depressurization to the ruptured steam generator pres-|

Noter that during this depressurization phase, the break flow,1 sure.
'

Figure 7, may momentcrily reverse.

When the RCS pressure is equal to the ruptured steam generator pressure,
, the PORV (or spray valve) is closed. In some cases, depressurization of
k the RCS may be terminated on high pressurizer level to prevent filling

of the pressurizer. Pressurizer level and, consequently, RCS pressure
L continue to increase until safety injection is terminated, after primary

pressure increases 200 psi. The 200 psi termination criteria is( required to verify the integrity of the pressurizer vapor space and to
collapse any voids in the RCS which may have been generated as a result

k E-3 5
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of th2 depressurization phase.

flow, a 200 pst increase may not occur before SI flow and bFor multiple tube ruptures or reouced SIequilibrate. reak flow
After SI flow is terminated, residual break flow will

'"

decrease pressurizer level, Figure 5, and tend to eq ilib
and ruptured steam generator pressures Figure 1. rate primaryu

Charging and letdown are established to maintain pressure lev lI,a
than 20 percent span. e greater I

Normal pressurizer spray, if available, or
auxiliary spray, if heated by letdown, is used to further reduce RCS
pressur~e, if necessary, below the ruptured steam generator press
terminate break flow. ure to

,s

,

During cooldown and depressurization, the ruptured steam generat
level is maintained sufficient to cover the tubes.

or water
This is to insure

that no condensation of steam on the colo tubes depressurizes th
ruptured generator, resulting in loss of pressurizer level control

e

.

' Cooldown of the RCS at 50 F/HR is initiateo by dumping steam fro
non-ruptured steam generators until the Residual Heat Removal Syst

m the

(RHRS) can be placed in service. em

depressurized via steam dump to condenser or through a stThe ruptured steam generator is slowly
PORV.

The RCS pressure is simultaneously reduced using pressurizer
eam generator

spray to maintain RCS/ ruptured steam generator pressure equilibrium
.

When the RHRS is in operation and the hot leg temperatures are~

below 200 F, the pressurizer is cooled using auxiliary spray and
reduced

charging / letdown flows are balanced to terminate the accident.

Plant response to a postulated steam generator tube rupture accid
.

cold sh'utdown conditions has been described. operator actions required to bring the primary and secondary system to
ent and

The expected system
response as well as potential deviations as a result of variations in
plant design or coincident failures have been discussed.

Symptoms have

been addressed which distinguish a simple steam generator tube rupt
event from variuus contingencies, which require significantly dif ferent

ure

recover procedures.

E-3
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TRANSIENT SYMPTOMS AND

.( INSTRUMENT RESPONSES FOR STEAM GENERATOR TUBE RUPldRE --

The following discussion characterizes the symptoms of a Steam Generator
Tube Rupture (SGTR) transient, primarily in terms of several important
instrument indications.

(_ Several of these instruments are among the
minimum set that Westinghouse recomends be environmentally qualified;

others are not but are included because of the nature of the information
they provide.

( It is assumed that reactor trip and safety injection initiation have
occurred.

A. CONTAINMENT PRESSURE, CONTAINMENT SUMP LEVEL, CONTAINMENT AIR

EJECTOR RADIATION AND CONTAINMENT RADIATION
.

,

Once reactor trip and safety injection initiation have occurred, con-
tainment instrumentation will show no change over pre-accident condi-,

tions for a SGTR transient. All of the above instruments should display
| readings in their normal operating ranges. In some instances, condenser
' -

air ejector exhaust is directed into ccntainment on a high radiation
alarm. For that case, containment air ejector radiation and containment
radiation may indicate abnormal indications. Since in a SGTR event
there is no primary or secondary fluid introduced into containment, no
mechanism Will be present for initiating abnormal containment pressure~.

or sump level readings.

t

The absenc'e of abnormal centainment indications is one feature which
allcws the operator to distingufsh between a SGTR and a LOCA or,

i secondary system line rupture inside containment. Normal containment,

indications will not allow the operator to distinguish,between SGTR and
spurious safety injection initiation or secondary side line breaks
outside of containment.

4

x E-3 7
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B. SECONDARY PRESSURE

T
Following a SGTR, pressure in the ruptured steam generator may remain #

above the non-ruptured steam generator pressure. This symptom is of
-

little diagnostic value for a 2-loop plant or for very small tube
ruptures.

..

C. RCS WIDE RANGE PRESSURE, AND HOT AND COLD LEG TEMPERATURES

Since a SGTR does involve a loss of primary system inventory, RCS pres-
s

sure and temperature will decrease. For very large tube ruptures the )
RCS may depressurize to near tne secondary pressure ano may reach satur-

ation in the hot legs. The decrease in RCS pressure distinguishes the
SGTR event from a spurious safety injection. In addition, these reduc-
tions in conjunction with normal, pre-event containment indications
provide additional confirmation of a SGTR rather than a small LOCA.
When safety injection flow matches break flow, the RCS pressure will
tend to stabilize.

D. PRESSURIZER WATER LEVEL
-

Following a SGTR, pressurizer level will initially decrease as break
flow in excess of charging ' low depletes primary inventory. Volumef

shrink ih the RCS after reactor trip will further decrease level and may_,

drain the pressurizer. Operation of high head SI is expected to eventu-
ally re-establish water level on span as SI flow and break flow equil-
ibrate.' In some instances, level may not return on span prior to
manually depressurizing the RCS. These symptoms may also occur for
certain,small LOCAs or secondary side breaks, but the absence of

containment instrument indications allows SGTR to be distinguished. }
. -

E. STEAM GENERATOR WATER LEVEL

Steam generator water level will initially drop out of narrow range as a
result of reactor trip. Continued operation of she auxiliary feedwater
system will restore level in the narrow range. Eventually, auxiliary

E-3 8

42608:1

_ ___ _ _ _ _ _



%

feedwater flow must be throttleo to prevent filling of the steam gener-

,(- ators. If auxiliary feedwater flow is, balanced to all steam generators,
water level in the ruptured steam generator will rise more rapidly. For
large tube ruptures this is expected to provide early indication of a
SGTR event.

( F. RWST WATER LEVEL, CST WATER LEVEL. AND BIT WATER LEVEL

These water levels will change only slowly following a SGTR and do not
provide any information useful for short term diagnostics.

.

G. CONDENSER AIR EJECTOR AND SG BLOWDOWN RADIATION

These symptoms are the ones most characteristic of a SGTR event. High

secondary radiation alarms will sound following a SGTR. If some leakage
(within tech specs) exists prior to the event, the signal will rapidly
increase. The high radiation level may drive the response off-scale so
rapicly that no useful rate information can be obtained.

;
. These instrument indications can be particularly useful in distinguish-

-

-

ing between a SGTR and other small LOCAs. If the LOCA is small enough
that imediate indications from containment sump levels and containment
radiation db not occur, the absence of steam generator radiation and
condenser air ejector radiation should guide the operator to lo& for
alternate Indications of a LOCA other than a SGTR._.

H. AUXILIARY BUILDit;G AREA RADI ATION MONITORS

These instruments should not exhibit any change from pre-event reaoings- :

|,_, for a SGTR.

I. AUXILI ARY*FEEDWATER FLOW
-

Following an SI signal, the Auxiliary feedwater system will deliver to
all steam generators. The steam generator with the ruptured tube will

.k E-3 9
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Y

require less auxiliary feedwater flow to maintain water level. Conse-
quently, the ruptured steam generator will require more throttling of
auxiliary feedwater flow to prevent filling of the steam lines. )For

-

large tube ruptures this can provide additional confirmation of a SGTR.

J. SI/RHR FLOW
.-

)
These indications are not useful in diagnosing a SGTR. They are
necessary to provide verification of safety injection.

)K. RCL FLOW

This indication is of no apparent significance in diagnosing a SGTR.

.

.

.

--

.

o
.

.

.

)
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TABLE 1: SEQUENCE OF EVENTS

1. Reactor Trip - pumps lost if offsite power is not available (A)
2. Turbine Trip (A)

'(~ 3. . Loss of Offsite Power (A)
4. Steam Generator Safety Valves Open (A)

5. Safety Injection Actuated (A)

{ 6. Auxiliary Feedwater Actuated (A)
,

7. Main Steamline Isolation (0)
8. Steam Dump From Non-Rupte ed SGs - reduce RCS temperature to 50*F

below no-load (0)

9. One Pressurizer PORY cpened - reduce RCS pressure to the ruptured
steam generator pressure (0)

!

10. Terminate SI (0)
'

11. Reestablish Charging and Letdown - maintain pressurizer level at 20% span (0)

(' 12. Pressurizer Spray Initiated - terminate break flow (0)

.

(A) Automa tic
.(0) .e0perator

__.
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BASIS FOR SUBSEQUENT ACTIONS IN E-3 s

STEAM GENERATOR TUBE RUPTURE

A detailed discussion and explanation of the E-3, " Steam Generator Tube

Rupture", emergency operating guidelines is presented on a step by step
basis. It is assumed that prior to entering the E-3 guidelines that the

(_ _ operator has noted the cautions concerning emergency diesels opert-
tion and the use of loop isolation valves, if available. In addition,
it is expected that cross checks will be performed on instrument
channels so that inconsistent readings between anomalous and valid

( indications will be detected.

FIRST NOTE PRECEDING STEP 1

Very small steam generator tube ruptures may appear nearly the same as

small LOCA transients as shown by most process variables. During the
course of accident recovery, therefore, the operator must assure that a
small LOCA has not been misdiagnosed as a tube rupture. This can be
accomplished by obtaining a containment atmosphere sample, which should

,

indicate normal readings in the case of a tube rupture. It must be
noted that for plant designs in which the condenser air ejector exhaust
is directed to the containment l'uilding following a high radiation
alarm, containment samples would be expected to exhibit abnormal gaseous
readings, even for a steam generator tube rupture event. In addition,
small steam generator tube ruptures may be difficult to positively iaen-
tify by se&ondary side level behavior. Identification of the affected_

steam generator may require sampling the steam generator shell sides for
abnormal radioactivity levels. This step is identified early in the
procedure 'in order to provide maximum time to make available the appro-

f( priate personnel to perform these sampling functions.
.

CAUTION PRECEDING STEP 1

In the unlikely event that tube ruptures have occurrea in all steam -

generators, isolation of all ruptured steam generators is not feasible

( E-3 19
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since d least one steam generator is required for cooldown of the
Reactor Coolant System (RCS). For such a case it is desirable to

")identify the steam generator with the smallest size tube rupture. Since
tube rupture flow is directly related to the size of the rupture, the
steam generator with the smallest ' tube rupture is recognized by the

- steam ger.erator with the lowest secondary water level. If this steam -

generator is not readily identified, the operator should select one
steam generator to be used for RCS cooldown with priority based on low
seconaary water level. This steam generator shoulo be consiaered as
non-ruptured for subsequent steps in these guidelines during cooldown to

m

the Residuai Heat Removal System. That is, maintain sufficient auxil- )
iary feedwater flow to maintain secondary water level in the narrow
range and dump steam from this steam generator as described in the
following steps for a non-ruptured steam generator.

Step.1

The indications listed in Step 1 identify the unique features of a rup-,

tured steam generator. In the case of a large rupture, steam generator
water level should provide an obvious indication of the affected steam
generator (s). For smaller tube ruptures, however, steam generator water
level may respond slowly so that identification on high secondary radia-, ,

tion may be required. If rapid secondary steam release should occur, a
momentary swell in steam generator water level may result. The operator

.should vdrify that the increased water level in a suspect steam gener-_

ator is not a momentary swell. This step should be completed as quickly
as possible to expedite recovery procedures. If the ruptured steam
generator (s) is not imediately identified, step 3 through step 9 should
be completed while continuing efforts to identify the ruptured stea~ j
generator. All steam generators should be inspected for inaicati; . of
a tube rupture since multiple ruptures may have occurred.

.

Step 2

)
Isolation of the ruptured steam generator (s) effectively contains
release of radiation from this ge'nerator by isolating its associated
steam line. If steam release through steam generator safety valves

]E-3 20
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continues, releases from the ruptured steam generator (s) will continue
until manual or automatic actions reduce the secondary pressure below( the safety valve setpoint. Feedwater flow is terminated to this gener-
ator to minimize the rate of filling with liquid to prevent water from
entering the steam lines. The ruptured steam generator (s) power oper-

ated relief valves and the isolation valves to the turbine driven auxil-(- iary feedwater pump must be closed as a further effort toward isolating
steam release paths. All plant specific release paths should likewise
be isolated. ~

( If the Main Steamline Isolation Valve (MSIV) or bypass valve for the

ruptured steam generator (s) fail to close properly, the MSIVs and bypass
valves for the non-ruptured steam generators must be closed as an alter-
native method of isolating the ruptured steam generator (s). In this

i
'

case, steam irom the non-ruptured steam generators must be released
through the secondary b wer Operated Relief Valves (PORV) to prevent
unisolating the ruptured steam generator (s).

Isolation of the ruptured steam generator (s) from the non-ruptured must.

! . be maintained to prevent steaming of the ruptured generator (s). In
. addition to minimizing radioactivity releases, this ensures RCS subcool-

ing during depressurization of the primary to the reptured steam gener-
ator pressure. After the initial depressurization phase the RCS

| pressure is equal to the ruptured steam generator pressure. Since the

RCS temperature is reduced using the non-ruptured generators, pr,imary
subcooling 'is determined by the difference in saturation temperatures at

i

_

the ruptured and non-ruptured generator pressures and the core
temperature rise.

( Step 3

The pressurizer PORVs must be made available for depressurization of the
RCS in the eve'nt that normal spray is not available or effective. In

k addition, PORV block valves must be available to prevent loss of primary
'

inventory and uncontrolled depressurization if a PORV fails to close.
~

k_ E-3 21
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This step is designed to ensure power to the PORV block valves if
offsite power it lost and to verify a flow path from the PORVs to the
Pressurizer Relief Tank (PRT). If a faulty PORV has been previously ]
isolated using a block valve, that valve must not be opened since it may
f ail to close on demand, poter.tially resulting in a small LOCA.

Step 4

Since a steam generator tube rupture exhibits the same RCS primary inci-
cations as a small LOCA, the operator must verify that a loss of coolant
is not occurring through a pressurizer PORV. This may be accomplished

-

by monitoring PORV position indicators, relief line TCs, and PRT condi-
.

tions.
If a f aulty PORV is identified, it must be isolated by closing

the associated block valve.

CA0 TION FOLLOWING STEP 4

If any pressurizer PORY opens because of high RCS pressure, the operator

must verify that the PORY closes properly, after RCS pressure decreases,
to prevent continued loss of primary coolant. If a faulty PORY is icen-
tified, the associated backup isolation valve must be closed.

.

CAUTION PRECEDIh3 STEP 5

?

-Seal injection flow must be maintained to prevent additional leakage
-

from the RCS and pot 6ntial pump seal damage.
.

Step 5

This step represents the Westinghouse. recommendations for Reactor Cool-
ant Pump (RCP) operation during abnormal and emergency events. See the'

basis document E-0, " Diagnostics", Step 2 for a general explanation of
this step. Also, a more detailed discussion of the phenomena exper-
ienced with different modes of RCP operation during a LOCA is presented -

in the Appendix to E-1.

E-3 )22
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These criteria for RCp trip wil.1 be monitored, where indications of a

h
LOCA event are still evident, so that proper LOCA. mitigation actions
would be performed in the event that a LOCA (other than the diagnosed
steam generator tube rupture event) was in progress. Safety analyses

-

have demonstrated that the reactor coolant pumps are not needed to main-
tain core cooling during LOCA events as long as safety systems are

( functioning properly, e.g., safety injection. However, for a tube
rupture event RCP operation is preferred to provide normal pressurizer
spray capability and to reduce thermal gradients within the primary.

( Step 6 -

RCS pressure will not drop below the Low-head safety injection pump
shutoff head for a steam generator tube rupture event prior to depres-
surization of the ruptured steam generator (s) below the Low-head pump4

.

shutoff head. Consequently, the Low-head safety injection pumps should
be stopped to avoid damage to these pumps caused by running in the mini-
flow mode for long periods of time (1 30 minutes). This step verifies
that Low-head safety injection pumps are not needed. If Low-head pumps
are discharging at this time, the operator must go to E-1, " Loss of
Reactor Coolant", Step 14 to investigate other indications of a LOCA in
progress. If appropriate, Low-head safety injection pumps are stopped
and placed'in standby.

e

CAUTION FOLLOWING STEP 6-- .

Automatic restart of the Low-head safety injection pumps will not occur
after reset. Consequently, the Low-head pumps must be manually

j restarted if the RCS pressure drops uncontrolled below the Low-head pump
! shutoff head,

,

t

' '

Loss of offsite power after safety injection is reset results in loading
. normal blackout loads on the emergency electrical busses rather than

. safeguards loads, e.g., ECC5. The safeguards loads must be loaded
i manually on the diesel powered emergency busses.

. E-3 23
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Step 7

%
This step instructs the operator to establish electrical and pneumatic '

power supply to equipment which may be necessary for recovery from a.

steam generator tube rupture event if offsite power is lost. Essential

-

equipment includes PORVs (primary and secondary) and associated isola-

tion valves, main steam line bypass valves, normal and auxiliary spray.
valves and cold leg accumulator isolation valves. A plant specific list
of equipment should be prepared to ensure that power supplies are
established to all available equipment referenced in this guideline if

.offsite power is lost.
Note that if containment isolation also occurs,

power supplies to certain equipment, e.g., auxiliary spray valves,
pressurizer PORVs may be lost. In these cases, the operator must ensure
that power to this eouipment can be re-established when containment
isolation is reset. During this phase of the transient and recovery,
symptoms of a LOCA exist. Therefore, containment isolation must not be
reset until necessary to access required equipment.

Step 8.

If an unisolated secondary steam release, e.g., a stuck open safety
valve or a steam line fracture, exists during or develops as a result of
a steam generator tt'be rupture, the ruptured steam generator may depres-
surize uncontrollably. Consequently, depressurization of the primary to
the ruptured steam generator pressure may not be possible until cold
shutdown'is achieved. In addition, uncontrolled depressurization of the._..

secondary can potentially result in vessel integrity and reactivity
feedback concerns associatei! with a rapid RCS cooldown if precautionary,

actions are not taken. In such cases, the E-3, " Steam Generator Tube
( Rupture" guidelines are not sufficient. Hence, this step checks the '

secondary pressure to determine if an uncontrolled steam release exists
and instructs the operator accordingly.

!
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Decreasing sGeondary pressure significantly below no-load is an indica- I
!

tion of an uncontrolled steam release. Automatic steam dump Tavg con- 1(
trol may momentarily reduce secondary pressure below no-load immediately !
after reactor trip because of the lag in RCS average temperature.
However, in such a case, pressure will increase and eventually stabilize
near no-load. Consequently, R.CS average temperature decreasing below

(~ no-load provides additional confirmation.

For sizable steam releases, secondary pressre will rapidly decrease to
the automatic main steamline isolation setpoint. Smaller releases, for

( which secondary pressure stabilizes above the automatic MSI setoint, are
'

of major concern only if they develop in a ruptured steam generator.
Those cases will be detected in Step 10.

If the MSIVs or bypass valves have not been closed, an uncontrolled
steam release will depressurize all steam generators until isolation
occurs'(steam line check valves may limit the depressurization to one
steam generator depending on the location of the release). If the

-

uncontrolled release is downstream of the MSIbs, closing the MSIVs and
bypass valves on all steam generators will terminate the release. In, ;

" -
that case, steam generator pressures can be regulated using the
secondary PORVs and, hence, E-3 guidelines are adequate.

~

For an uncontrolled steam release upstream of the MSIVs or if an MSIV or
bypassvalyefails,closingtheMSIVsandbypassvalveswilllimitthe
depressurization to only the fEulted steam generator (s). In this case,

-

E-3 guidelines are not sufficient and the operator is directed to
ES-3.3, "SGTR With Secondary Depressurization", for further accident
recovery.

.

It is desireable to maintain the ruptured steam generator pressure above
the cold leg accumulator pressures since this will prevent discharge of

. the accumulators during depressurization of the RCS to the ruptured
k steam generator pressure. Consequently, the operator is instructed to

E-3 25
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close all MSIVs and bypass valves if seconaary pressure approaches the
cold leg accumulator pressures as a result of an uncontrolleo steam

Trelease. In some cases automatic MSI may have already occurred. #

CAUTION PRECEDING STEP 9

t

_ this caution provides a long term instruction to ensure that a water )
'

supply is continuously provided to the auxiliary feedwater pumps. For
the full spectrum of LOCA events the steam generator level should be

maintained above the U-tubes. In addition to the obvious function of
providing a heat sink, it also reduces radioactive releases.

~

Step 9 .

Assurance must be provided that adequate heat sink exists in the steam
generators to provide a continued means of energy removal. Auxiliary
fee,dwater flow must be manually regulated to maintain the proper indi-

cated level since there is no automatic level control in this mode.If

the ruptured steam generator has not yet been identified, auxiliary'

feedwater flow must be regulated to establish and maintain a minimum

narrow range level indication in all steam generators until identifica-
tion is complete. This enables the ruptured steam generator to be
detected as early as possible on high steam generator water level.

Once
identified, auxiliary feedwater flow is regulated to establish and main-
tain recommended no-load water level in the non-ruptured steam genera-
tors.

Auxiliary feedwater must be added to the ruptured steam generator~

only as necessary to ensure that the tubes are covered.1

I

CAUTION PRECEDING STEP 10

)| .
.-

The operator must not proceed until the ruptured steam generator (s) has
been identified and isolated. Subsequent actions will reduce the RCS
temperature below saturation at the ruptureo steam generator pressure.
Prior to these operations, ruptured steam generator isolation must be )

E-3 )26
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complete in order to ensure primary system subcooling following depres-

( surization to the ruptured steam generator pressure and to prevent
additional releases from the ruptured generator during cooldown.

Step 10

|( In anticipation of subsequent RCS depressurization, the primary te.Tpera-
ture must be reduced to ensure subcooling at the ruptured steam gener-
ator pressure. If significant bulk voicing occurred, pressurizer level
would not be a reliable indication of system inventory. Consequently,

f'
terminating safety injection.
the operator would not have sufficient information to justify

As previously discussed in Step 2, primary subcooling following depres-
surization to the ruptured steam generator pressure is determined by the
difference in pressure between the ruptured and non-ruptured steam

generators and the core temperature rise. A table of the required
non-ruptured steam generator pressures is provided in step 10 for
various ruptured steam generator pressures. Since the core temperature
rise will be significantly greater if no RCPs are running, non-ruptured

'

steam generator pressures are supplied for a) any RCP running, and b) no
RCP running. These pressures are designed to ensure 50*F subcooling in
the primary loops with non-ruptured steam generators. The 50'F subcool-
ing allows for instrument uncertainties in RCS pressurs and temperature
measurement's and provides additional operating margin._

If offsite power and the condenser are available the non-ruptureo steam
generators'will be depressurized by dumping steam as rapidly as possible!

to condenser. Steam dump to condenser is the preferred method of-

.. depressuri,zation since this minimizes doses and provides smooth cooldown
control. If the non-ruptured steam generator MSIVs and bypass valves
have been closed to isolate the ruptured steam generator (s) or an uncon--

trolled steam release, steam dump to condenser will not be available.
k If a spurious closure of the MSIVs has been identified, then the oper-

ator shoulo attempt to open the bypass valves on the non-ruptured steam
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generators to establish a flow path to the condenser. If an uncon-
trolled steam release results, the bypass valves must be closed ano T
steam dump to atmosphere initiated. In some designs, the bypass valve '

may not provide sufficient flow capacity for a rapid RCS cooldown. In
that case: the bypos? valves should not be opened and secondary PORVs'

-

must be used for steam dump.

If offsite power or the condenser is not available, steam dump must be
made to the atmosphere using the non-ruptured steam generator PORVs.

A small, unisolated steam release from a ruptured steam generator may ')
,,e

not have been detected and may depressurize the ruptured steam generator
following cooldown of the RCS using the non-ruptured generators. In
that case, subcooling of the RCS cannot be assured at the ruptured steam
generator pressure. In addition, break flow will be reinitiated if the
rupt" red steam generator continues to depressurize af ter safety injec-
tion is terminated. Therefore, the operator is directed to ES-3.3,
"SGTR With Secondary Depressurization," Step 11 if the ruptured steam
generator pressure continues to decrease.

No significant cooling of the primar'y loop with the ruptured steam .

generator will occur if natural circulation exists during cooloown since
there is"no heat removal through that steam generator (reverse heat
transfer will develop in that loop). Therefore, the operator should
expect i'nstrument indications of conditions in that loop (s) to be sig-_.

nificantly different than primary loops with non-ruptured steam genera-
tors and may indicate oscillatory behavior near saturation conditions.

Step 11

}
For multiple tube' ruptures or reduced safety injection flow capacity,.
the primary"may depressurize to less than 200 psi greater than the rup-

*

tureo steam generator pressure as a result of the tube rupture. Conse-
quently, primary pressure will not incresae 200 psi after initial
depressurization to equilibrium with the ruptured steam generator.
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Therefore, safety injection could not be terminated in. E-3. This step
directs the operator to ECA-3, "SGTR Contingencies", if the primary
pressure is less than 200 psi above the ruptured steam generator
pressure.

_ FIRST CAUTION PRECEDING STEP 12

-

Up to this time, no abnormal containment indications should accompany
this transient, with the exception of abnormal gaseous readings if the
air ejector exhaust is directed into containment following a high radia-

' ( tion alarm. Therefore, containment indications should be checked for
abnormal conditions to verify proper accident diagnosis. If abnormal
indications do exist, furtner accident recovery must be directed to E-1,
" Loss of Reactor Coolant", Step 9.

SECOND CAUTION PRECEDING STEP 12
i

During controlled depressurization of the primary, the RCS pressure
.

criteria for RCP trip, which is based on RCS depressurization during a
LOCA, does not apply. Continued RCP operation is preferred to maintain[(;
the use of normal pressurizer spray and reduce thermal graoients during
cooldown. It should be emphasized, homever, that the other criteria for
RCP termination, e.g., loss of component cooling water, are appropriate
and must be observed.

'
,

_.

|
Step 12

t

( Depressurization of the primary system is necessary to equilibrate
! primary and ruptured steam generator pressures, thereby terminating

k..., The preferreo method of depressurization is normal pressur-break flow.

izer spray since this minimizes thermal stresses and does not deplete
! RCS inventory. Step 12 and Step 13 provide instructions for this

, depressurization phase using normal spray. If normal spray is not

( available, Step 12 and Step 13 do not apply and an alternative method of
depressurization provided in Step 14 must be used.
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If the RCPs in the loops with pressurizer spray lines are stopped,
ncreal pressurizer spray will not be available. In other instances,
ncrmal spray may be available but not effective in depressurizing the )
primary. In either case, an alternative method described in Step 14
mest be used.

If normal spray is available, depressurization of the primary is ini-
tiated by opening normal pressurizer spray valves to provide maximum

spray capacity which condenses steam in the pressurizer. As the primary
pressure is reduced, pressurizer level will increase as safety injection

.

flow in excess of tube rupture flow replaces condensed steam in the
pressurizer. For multiple tube ruptures or reduced safety injection
cacacity, pressurizer level may not return on span during depressuriza-
tion to the ruptured steam generator pressure.

If th,e ruptured steam generator pressure is below the cold leg accumu-
la or pressure, the operator should attempt to close the accumulator '

, isolation valves prior to depressurizing the RCS to the ruptured steam

generator pressure. If the accumulators cannot be isolated quickly, the
operator must commence RCS depressurization prior to isolating the
accumulators. In that case, however, pressurizer level may reach ''

off-scale high prior to depressurizing to the ruptureo steam generator
pressure as accumulator injection replaces condensed steam in the pres-
surizer. Depressurization of the RCS must be terminated before filling
the presfurizer to prevent loss of pressurizer pressure control.

._,

Step 13

.

This step instructs the operator to stop normal pressurizer spray when ;
the pric;ary pressure is reduced to the ruptured steam generator pres -

With spray stopped, RCS pressure will increase as safety injec-sure.

| tien flow in excess of break flow compresses the steam bubble in the
i pressurizer until safety injection flow and break flow equilibrate. If

RCS pressure does not increase while pressurizer level continues to )
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it. crease, leakage from the spray line into the pressurizer is sus-
pected. The operator should attempt to manually close the pressurizer
spray valves. If leakage from the spray line continues, the RCPs

connected to spray lines must be stopped to terminate pressurizer spray.

( - Fcr multiple tube ruptures or reduced safety injection flow, pressurizer
level may not return on span prior to depressurizing the primary to the
ruptured steam generator pressure. If pressurizer level does not return
on span, further recovery must be directed to ECA-3, "SGTR Contingen-
cies".

If tne ruptured steam generator pressure is below the cold leg accumu-
lator pressure, then pressurizer level may reach off-scale high prior to
depressurizing the RCS to the ruptured steam generator pressure.

Depressurization of the RCS must be terminated before filling the pres-
surizer to prevent loss of pressurizer level control.

,

'

If normal pressurizer spray is effective in oepressurizing the primary,
Step 14 and Step 15 do not apply.

L_~
CAUTION PRECEDING STEP 14

If a pressurizer PORV is used to depressurize the RCS, primary coolant
will be discharged into the PRT. In some cases, this discharge may be

?
_ sufficient during controlled depressurization to rupture the PRT, which

will result in abnormal containment conditions. Consequently, abnormal
cor.tainment indications are no longer a reliable indication of a-LOCA.
If PRT int'egrity is lost, the operator must carefully evaluate pressur-
izer-level and. pressure behavior to verify release from the pressurizer
vapor space has been terminated.

Steo 14. -

If normal spray is not available or not effective, RCS pressure is
;

recuted to the ruptured steam generator pressure by opening one pressur-
;

izer PORV to vent steam from the pressurizer vapor space. Only one PORV
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is used to limit the depressurization rate.
If this PORV~is not effecs

tive because of a faulty PORY or a closed block valve, a different PORYshould be used.
'

Use of a PORV to depressurize will result in loss of '}'

primary inventory to the PRT as discussed in the previous caution
.

RCS pressure will decrease rapidly when a PORV is opened as steam is

{
- vented from the pressurizer vapor space. T

Pressurizer level will I
increase as safety injection flow in excess of break flow increases
primary coolant inventory and begins to replace vented steam with
water.

For multiple tube ruptures or reduced safety injection flow,
pressurizer level may not return on span during depressurization to the
ruptured steam generatcr pressure. '

.

If no RCP is running, voiding in the upper head may occur (depending on
'

the ruptured steam generator pressure) during depressurization of the
primary to the ruptured steam generator pressure.

This will result in a
rapidly increasing pressurizer level as water displaced from the upper
head, in addition to excess safety injection flow, replaces vented steamin the pressurizer.

In addition, depressurization of the primary willbe slowed.
Consequently, pressurizer level may approach off-scale high

,

before primary pressure decreases to the ruptured steam generator pres-
Pressurizer _ level must be monitored to prevent filling the

sure.
pressurizer.

If normal spray and all pressurizer PORVs are unavailable, auxiliary
pressuriger spray must be used to depressurize the RCS. Forcing cold-

water through the pressurizer spray nozzle creates thermal transients in
the piping, nozzle, and pressurizer shell which must be minimized.
Consequently, auxiliary spray should not be used unless heated by

Since letdown has been automatically isolated, auxiliary spray ' }1etdown.

must be used for RCS depressurization only when the other methoos fail.
If auxiliary spray is required, spray should be initiated slowly.

|. - *

)
i
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Step 15

' After the RCS pressure has been reduced to the ruptured steam generator
pressure, via one pressurizer PORV or auxiliary spray, depressuriza-
tion must be terminated by closing the PORV or auxiliary spray valve.

(~ In some cases, depressurization must be terminated on high pressurizer
level to prevent filling of the pressurizer and, consequently, loss of,

pressurizer pressure centrol.

When depressurization is terminated, RCS pressure will increase as( safety injection flow in excess of break flow compresses the steam
bubble in the pressurizer until safety injection flow and break flow
equilibrate.

If RCS pressure does not increase while pressurizer level

continues to increase, then leakage from the PORV or auxiliary spray
line (depending on the mode of depr,essurization) is suspected. The

operator should monitor PRT conditions to verify leakage from the PORV.
If leak' age from the PORY continues after closing the PORV isolation
valve, then further accident recovery must be directed to E-1, " Loss of

-

. Reactor Coolant", Step 9. Note that if the PRT has ruptured, leakage to
; 7

the PRT may.not be detected. In that case the operator must rely on' ^

pressurizer level and pressure behavior to detect leakage from the PORV.

For multiple tube ruptures or reduced safety injection capacity, pres-
surizer level may not return on span prior to depressurizing the primary
to the ruptpred steam generator pressure. In that case further accident

-

,

recovery must be directed to ECA-3, "SGTR Contingencies".
t

! Step 16 .

. Af ter depressurization is stopped, safety injection will continue to
repressuri' e the RCS to an equilibrium pressure where break flow againz

matches safety injection flow., Therefore, safety injection must be
terminated in order to stop break flow. The o'perator must monitor

~

.-

critical system conditions to ensure that an uncontrolleo loss of RCS
inventory will not occur following termination. Step 16 lists the
conditions for which safety injection can be terminated.

E-3
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An incraase in RCS pressure of 200 psi after depressurization has been
stopped verifies that safety injection flow is greater than break flow

}and, consequently, RCS inventory is increasing. In addition, increasing
RCS pressure verifies the integrity of the pressurizer vapor space. A
200 psi increase is approximately the minimum increase which can be

-
detected by the operator because of the RCS pressure indicator -

resolution.

If pressurizer le' vel stabilizes, RCS pressure will no longer increase.
Consequently, if RCS pressure has not increased 200 psi before pressur-
izer level stabilizes, safety injection flow cannot be terminated in

-

E-3. In that case, the operator is directed to ECA-3, "SGTR
Contingencies" for further accident recovery.

During periods where a steam vent path is established from the

pressurizer vapor space and portions of the RCS have reached saturation
conditions, holdup of water in the pressurizer can result in a stable or
increasing pressurize water level while system inventory is decreas-

-

ing. For these cona.tions, pressurizer water level may not be a true
indication of primary coolant inventory. Therefore, RCS subcooling and

.

pressurizer level are required before safety injection can be termi-
nated. Minimum RCS subcooling, based on wide range temperatures in the

hot legs connected to non-ruptured steam generators or core exit thermo-
couples," must be greater than the sum of the temperature measurement

system uncertainties and RCS pressure measurement system uncertainties
converted into temperature using the saturation tables in orcer to

-.

ensure subcooling. If pressurizer water level has not returned on span
the operator is directed to ECA-3, "SGTR Contingencies", for further
accident recovery.

}
CAUTION FOLLOWING STEP 16

*

'

Safety injection must not be terminated if any of the conditions of
Step 16 are not satisfied since the status of the RCS is not certain. ')
The operator must not proceed to Step 17 until all the criteria for
safety injection termination are satisfied.

)E-3 34
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Step 17 s

When all conditions described in Step 16 are satisfied, safety injection
must be terminated to stop break flow. The operator is directed to
ES-3.2, "SI Termination for Steam Generator Tube Rupture", for guide-
lines on terminating safety injection. After safety injection flow is

( terminated, residual break flow will reduce pressurizer water level and
RCS pressure until primary and ruptured steam generator pressures equil-
ibrate.

It may be difficult to verify pressure equilibrium between the primary
and ruptured steam generator on pressure instrumentation alone because
of instrument uncertainties. However, if charging and letdown flows are
balanced, residual break flow will decrease the pressurizer. level and
equilibrate primary and ruptured steam generator pressures. Conse-
quently, charging and letdown flows must be balanced at this time. If

pressurizer level continues to decrease, RCS pressure must be reduced

using normal spray, or auxiliary spray if heated by letdown, to maintain
pressurizer level.

C.' If RCS temperature has not yet stabilized, excess charging flow may be
required to compensate for RCS shrinkage. Pressurizer level must be

maintained.above 20%. However, when temperature has stabilized, charg-
ing and letdown flows must be balanced to ensure break flow is stopped.

e
~

Step 18

The subsequent recovery actions for this event may result in release of
steam from the ruptured steam generator. Since this phase of the,

recovery consists of a controlled release, the most appropriate release
limitations are those provided in 10 CFR 20. If steam dump from the
ruptured steam generator to the condenser is not available, an evalua-,

tion of potential release from the ruptured steam generator to atmos-,

( phere should be performed to determine if these limits will be
exceeded. If atmospheric releases may exceed 10 CFR 20 limitations, an
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alternative method of depressurizing the ruptured steam generator pro-
vided in ES-3.1, "SGTR Alternate Cooldown", must be used.

It is likely i

that the utility will be required to obtain approval for subsequent "

recovery act' ions which involve any radioactive releases from the appro-
priate authorities.

-

Step 19

Subsequent steps will bring the RCS to cold shutdown.
RCS boron concen-

tration should be verified adequate for reactivity control at cold
.-conditions. Boron can be added as necessary through the charging lines.

CAUTION FRECEDING STEP 20

Charging pump capacity may be only slightly greater than that required
to compensate for RCS shrinkage during subsequent cooldown. If substan-
tial tube rupture flow develops during cooldown, there may not be ade-
quate charging flow available to maintain pressurizer level. Failure to
simultaneously reduce RCS and ruptured steam generator pressures during
cooldown will reinitiate break flow.

_

Step 20
.

The RCS is cooled to RHRS cut-in conditions by dumping steam from the

non-ruptured steam generators. Steam dump to condenser is preferred_

since this provides smooth cooldown capabilities and minimizes doses.
If the condenser is not available, the non-ruptured steam generator
PORVs must be used to dump steam. Since break flow has previously been
terminated, cooldown should be limited to 50*F/HR.

'
.

CAUTION PRECEDING STEP 21
-

|
, -

,

I

'

It may be difficult to verify pressure equilibriun, cetween the primary
and ruptured steam generator on pressure instrumentation alone because -

of instrument uncertainties. However, with charging and letdown flows
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!
balanced, tube rupture flow will tend to equilibrate primary and j
ruptured steam generator pressures. ror these cor.ditions, pressurizer |

( level will adjust to accomodate changes in primary coolant volume.
During cooldown, shrinkage will decrease pressurizer level and pressure, |
thereby drawing water through the tube rupture from the secondary. If I

~

charging flow is increased to account for RCS shrinkage, pressure

( equilibrium between the primary and secondary will b'e maintained.
;

|Excess charging flow will maintain RCS pressure above the ruptured steam
generator pressure, resulting in tube rupture flow from primary to

( secondary. On the other hand, insufficient charging flow indicates flow
from the ruptured steam generator into the primary.

Each utility should prepare a plant specific table providing the
approximate primary coolant shrink rate for various cooldown rates. The
operator can select from this table the expected charging / letdown flow
imbalance necessary to maintain pressurizer level constant, with primary

' and ruptured steam generator (s) in equilibrium.*

-. STEP 21

| During subsequent depressurization of the ruptured steam generator (s)
and RCS, tube rupture flow will occur, resulting in fluctuations in
pressurizer water level. The operator should control charging / letdown
flows as'necessary to maintain level in the normal operating range.-

|

Step 22

The ruptured steam generator will act like a large pressurizer to the

|

,

RCS and inhibit RCS depressurization. Therefore, pressure must be
reduced in the ruptured steam generator (s) to depressurize the RCS to
RHRS operating pressures. The most direct method of depressurization is

(.
steam release. Alternative methods are described in ES-3.1, "SGTR
Alternate Cooldown". It is possible that the ruptured steam gener-
ator(s) is filled with water. Therefore, it is important that depres-
surization be accomplished slowly to prevent potential valve damage from

|
|
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.

lwater relief. In addition, water in the ruptured steam generator may be
highly subcooled.

Consequently, the ruptured steam generator may -

depressurize rapidly as steam is released. Yhe ruptured steam gener-- '

ator(s) pressure must be maintained above the non-ruptured to maintain
RCS subcooling.

t

I,

CAUTION PRECEDING STEP 23 ,
.i |
I ',

Since this is a controlled cooldown of the RCS, RCS pressure and
temperature must be maintained within normal cooldown limits.

-

!

If RCS pressure or pressurizer level drop in an uncontrolled manner
safety injection must be reinitiated to maintain RCS inventory and
re-establish pressurizer level. Since this will pressurize the RCS and
tricrease break flow the operator must return to Step 10 to establish
condi,tions for ter.ninating safety injection.

Step 22
.

This step is designed to depressurize the RCS to maintain pressure
;

equilibrium with the ruptured steam generator. Normal spray or auxil-
lary spray, if heated by letdown, can be used to condense steam in the
pressurizer.

At this time, auxiliary spray is expected to be heated by
letdown. If neither normal spray or auxilicry spray is available, one
pressurizer PORV must be intermittently opened to vent steam from the~

pressurizer. Avoid filling the pressurizer with water since this will
result in a loss of pressurizer pressure control. If pressurizer
heaters have been energizeo, heater controls must also be adjusteo.

It may be difficult to verify pressure equilibrium between the primary
-and ruptured steam generator on pressure instrumentation alone because
of instrument errors. Charging / letdown flows should be adjusted to
accommodate primary coolant shrinkage during'cooldown as discussed in
the caution preceding step 21. If pressurizer water level continues to
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drop, tube rupture flow is suspected.
s

be reduced further to establish equilibium and maint iIn that case, RCS pressure must-level..

a n pressurizer

During the depressurization process, backflow may occtured generator. ur 6,-- ne rup-(, ~
and adequate shutdown margin verified.Therefore, RCS boron concentration must be monitored

If a PORV is used to depressurize the RCS, pressurize
sure, ano PRT indications must be monitored to verify that a lr level and pres-
the pressurizer vapor space has not developed eak from~ '

identified, the associated isolation valve must beIf a faulty PORV is
.

_ . .

the leak. close to terminatey

Step 2a
-

When the RCS pressure approaches the cold leg accu
pressure the, accumulators must be isolated to prevent umulator setpointdischarge.

if the accumulators discharge they
nnecessary-k s

tion of the'RCS and increase carryover into thewill impede depressuriza-p 'ator.

If the accumulator isolation valves cannot be closedruptured steam gener-
unisolated accumulators must be vented before contin i

, then any

ing the RCS'an.d ruptured steam generator. u ng to depressuriz-
,

Step 25 and Step 26
_

__

Cooldown and depressurization of the RCS must be continued
in Steps 20 through 24 until RHRS can be placed ias described

hot leg temperatures have been reduced below 350*F and RCSn service. When the

less than 400 psi, the RHRS system can be placed in ser ipressure is

procedures. ' v ce using normal
terminated to minimize doses. Steam release from the ruptured steam generator should b

.
e.

Pressure equilibrium between the RCS and ruptured stea
be maintained t'o prevent loss'of primary coolant and bm generator must

oron dilution
\.

c

s
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caused by backflow from the ruptured steam generatcr. Charging and
s

letdown flows should be monitored for any mismatch which is not typical
s

of cooldown on RHRS. If leakage through the tube ruptured is detecteo, '

pressurizer spray or heaters can be used as appropriate to establish
equilibrium.

'

~)i- Step 27

The procedure for cooldown en RHRS is normal with the additional
j . consideration of minimizing rupture flow. -If no RCP is running, the

..

operator must continue dumping steam from the non-ruptured steam -)
generators until they stop steaming to aid in cooldown and maintain
natural circulation.

Step 28

When the RCS is sufficiently cooled, all RCPs should be stoppeo. The
pressurizer must be cooled using auxiliary spray to relieve any static
head difference between the ruptured steam generator and pressurizer.
Auxiliary spray may be used if the RCS is below 200 F even if it is
not heated by letdown. Charging and letdown flows must be balanced to ~

ensure leakage into the ruptured steam generator is not occurring.

i Step 29 -

i . Cold shuf.down conditions must be maintained._

(
-

References
.

1. Westinghouse Emergency Resonse Guideline ES-3.2, SGTR With Secondary -

Depressurization, September 1, 1981.
I

L

2. Westinghouse Emergency Response Guideline ECA-3, SGTR Contingencies,
,

September 1, 1981.
'l

.

3. Westinghouse Emergency Response' Guidelines E-1, Loss of Reactor
Coolant, September-1, 1981.

E-3 40

42608:1
'

.

. ~ . _ . - - - . . - - _ , . _ . _ . . _ _ _ - . _ . . . _ ~ - _ _ . _ __ ,,. . .- ., . . . . .- _ . . _
-



s

( PAGE

r

ARE
PRESSURIZER DPEN PORV BLOCK VALVESf_ PORV BLOCK VALVES NO [''LES? CLOSED TO ISOLATE

OPENED -A FAULTY PORV

YES
< l
,

mE
PRESSURIZER

CLOSE PORVs AND
PORVs CLOSED NO

_ ISOLATE ANY FAULTY~

PORVs USING BLOCK
VALVES

YES
% I

r

SHOULD
RCPs BE NO

g, ,
e

q STOP ALL RCPsSTOPPED

S

:
r *

.

HOULD

OW-HEAD SI
PUMPS BE STOPPED YES STOP LOW-HEAD SI'

pg

STA!OBY

NO

<

(,
v

ESTABLISH ELECTRICAL
POWER AND AIR

-

SUPPLY TO ESSE'NTIAL
*

EQUIPMENT
. . ,

1

(. IS
RCS

CLOSE ALL MSIVs
TEMPERATURE mNO ANDm

(1) ENTER PLANT GREATER THAN '

BYPASS VALVES
SPECIFIC MINIMUM HOT (y)
LEG TEMPERATURE EXPECTED YES

FOLLOWING A NORMAL REACTOR ' |,

'

TRIP

TO PAGE
3

E-3

42



I

I
A0E

3

(
ARE

ALL SC '

PRESSURES CREATER NO "II#'

THAN (1) A E BTPASS
VALVES

TES
, ,

IS
- g ANT SC

RESSURE CONTINUING
TO DECREASE

TES
.

v

C0 70 ES-3.3 "SCTR"
JITH SECOD ART.

env e c e-r u mowa
MAINIAIN TJLL AFT SC
ncW i'NTIL MARROW No

MARROW ltANOE WATER
RANGE LEVEL IS LEVELS CREATER TRAN.

CREATER THAN (2) (2)

(
(.% y

~ : _
RS

"

THROTTJ' . AFW
T10V TO MAINIAIN
MARROW RANCE

.
LEVEL AT (3)

BAS
#

RUPTURID
--

PAGE .. SCfs) BEEN
ISOLAIC

, nS

- - CO T
PACE

'

.

1
(1)

EhTER PLANT SPECIFIC VALUE CORRISPCEING TO MAXIMUM TECH SPEC ACCUMULATOR.NITR00EN PRESSL1LE PLUS 100 PSI.
(2)

ENTER PWT SPECIFIC VALUE SHOVINC NARROW RANCE LEVEL JUST ON SCALE INCLUDINGALLOWANCE FOR MORMAL CHANNEL ACCURACT.
' (3)

ENTER PLANT SPECIFIC YALUE CORRESPOWINO TO PROGRAMMED NO-LOAD NARROW RANGELEVIL INCLUDING AILOWANCE FOR NCRMAL CHANNEL ACCURACT. '

'

E-3
43



%

(
PACE g
h

-
. ..d

[ t
\

[ CONDENSER
IS

RAPIOLY DUMP!
.-

|. \AVAII.ABLE STEAM PROM NON- 'I
N0

/ RUPTURED SGs i

f .-N gYES .USING PORVs

'

(, u
g

| RAPIDLY DwMP'
' STEAM TROM NON-
: RUPTURED S0s 70'

. -CONDENSER

--

ARE

NON-RUPTUR L
g Os 50*P BELOW

ED SC(s)

P.S

1

IS
- RUPTURED SC 0 E5-J.3 "sw R

, - ,

PRESSURE STABLE
. DEPRESSURIZATION..,
! STEP II

,

*

IS ROS

CO TO ECA-3 "$CTR PRES $URE AT

', CONTINGENCIES * ST 200 PSI GREATER
_, THAN RUPTURED SC

PRESSURE /
YES

&A,'
*

15a

GO 70 NORMAL,

PA E - No , PRES $URIE!R SPRAY

L.
j' AVAILABLE

i.

.

.
, *

;
DEPRESSURIIIRCS{USINC NORMAL,

g
- , PRES $URIZER '

1 SPRAY I

,

G0 70 s
i *

i-
.

i PAGE ',! '

E-3 44

4

-w4. ,- , ,,,- , , - , - - , - -, .y _ .- , ,- , ,



PAGE GO TO
5 4A

'NO

\IS RCS IS-

PIISSJRE LES3 - PRESSURIZER( THAN OR EQUAL TO- LEVEL GREATER THAN
''

RUPTURED SG /,. (1)

< YES

STOPkCS
'*

DEPRESSURIZATIOF

IS

GO TO ECA-3"SGTR
CONTIh'GENCIES*

(2)
.

'

YES

.
$

. IS
'

STOP RCPs IN LOOPS
> WITH SPRAY LINE

. CONhTCTIONS

YES
i

:
-

3,

GO TO
PAGE

7 ,

(
(1) ENTER' PLANT SPECIFIC VALUE CORRESPONDING TO HIGH PRESSURIZER WATER LEVEL REACTOR

TRIP SETPOINT.

(2) ENTER PLANT SPECIFIC VALUE SHOWING LEVEL JUST ON SPAN INCLL' DING ALLOWANCES FOR
NORMAL CHANNEL ACCURACY.

(

E-3 45

- ._ , .- ._ . - . -. .-. _ - - _ . _ - . - . - _ _ . . ___ _ .



*

s

(. PACE
6

F- ..

)
DEPRESSLTI2E RCS

-I

USINC ONE
PRESSURIZER PORy

|

IS
CS PRESStar

_

DECREASING DEPRESSURIZE RCS-NO
USING AUEILIARY
PRESSURIZER
SPRAY

YES -

I

''" 45II
RCS PRESS'RISSURIZIA yo

, M L CREATER ,SS TBAN OR EQUAL
o ggyn.gg3 ggI

PRESSURE

Sf. . YES

'h\
.

S"Of RCS
DEPRESSURIZATION

.

/

'0
IS RCS CLOSE PogV SLOCfl

_,

PRESSURE no VALTE OR MANUALL1'
INCREASING CLOSE AUZILIARy

SPRAY VALyg
!

i

.
YES I -

/.-

,[
, YES RCS

S

:A '~ '

PRESSURE
INCREASIN

,

|
i A

TO PAC
. *

7 C0 To E-1, LOSS OF |
I

. ' . , -REACTOR COOIANT STEP 9 |
(1)

TRIP SETPOINT.Eh*IER PLANT SPECIFIC VALUE CORRESPONDING TO HICR PRISSVRIZER W
i

ATER LEVEL REACTOR

'
s

E-3

46

}
-- . _ _ .



!

|
!

l

( |.

/
w

a

', 7

.

/ e' |U>
**

/
V(.

aa
7

fts
*

1

gg .

8055 'A' - 50 =XR

] QD TO ECA-3 BC.'E200 P61 g g
, C3rT3 ASCII 8,

8

18
PRES 8CRIZIR

CERL*.ER Taas 50
(1)

*

13
acs

$3G00 LING CREAMR
TEAR (2),

, ,

*

Sa
*

TEIn:EAS 81 FER

05
PT34r:M SCM,

|
ETGart aa;1soGIM

18 Coastoctscts cf
,,

M D35 gggggyggggg gg;,gaggg
, aTAZ:.AE:.8 Flas 5:Ff32D SG(s)

--g up 10cPt 20
-- - d LT.ATI:*8 BE

sz:xcc

T:s

.
,

tact e
a,o ggs

g
(.

.

|

(1) ENTER PLANT SPECITIC VALVE SHOWING LEVEL JUST ON SPAN INL"LUDIM*

AL14=ANCE FOR . NORMAL CHAWEL ACCURACT.
/

(2) ENTER SUM CT TEMPERATURE AND PRES $till FJASL1tIMENT SYSTIM ERJt0RS'(. TRANSIATED Ih*IO TEMPERATURI USING SAft1tATION TABLES.

: (

E-3 47

_ __ _ _ _ _ _ _ _ _,



4

.-

AGE
8

VERI!T ADEQUATE

( SE*TDCk3 MAROIN
t

I
:

Nf

DUMP STEAM TRDM

(.
NON-RUPTURED SGs 70
OBTAIN 50*F/10L
C00LD0k1

CONTROL CHARGING
M.0W TO MAINTAIN
PRESSURIEER LEVEL
IN NORMAL RANCE

1/

SLOVLY DLMP STEAM
FROM RUPTURED SC
MAINTAINING RCS
SUECOPA.INO

<

(.,' IS
DEPRESSURIEE RCS TO ',

NORMA.I. NO RU M ED SG PRESSURE
*

PRESSURIZER SPRAY USING A"XILIARY SPRAY,
AVAIIABLE

IF EEATED BY LETDOWN,
OR ONE PRESS"RIEER FORV

. YES

v

DEPRESSURIZE RCS TO
-, RUPTURED SC PRESSURE

USING NORMAL..

PRESSURIZER SPRAY
u

IS RCS.

PRESSURE
APPROACHINO 33 [

ACCUMULATOR
- ISOLATE

CCUMULATORS
SETPOINT

J

NO.

CAN \ ~
' , ..

/ ,RMRS 3E '
O /.

! PLACED IN SERVICE

YYS

CO TO
PACE 9e

(
.

E-3
43

,__ __ _ _ _ . , _ _ _ . _ . _ . _ .


