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STEP ACTION / EXPECTED RESPONSE RESPONSE NOT OBTAINED
-

-

Mf|AngO e [[any steam generator repressuriZes above m psig
at any time during this procedure, immediately go to
E-2, LOSS OF SECONDAR Y COOLANT.

I

e If any steam generator level increases rapidly at any
'

time during this procedure, immediately go to E-3,
STEAM GENERA TOR TUBE RUPTURE.

980TE Foldout page should be open.

1 Verify Secondary Pressure Boundary: Manually close valves. IF valves do
not close, THEN dispatch operator

e Main steam line isolation and bypass to locally close valves, or block
valves - CLOSED valves, one loop at a time and

continue.
e Feedwater control and bypass control |O valves - CLOSED

e Feedwater isolation valves - CLOSED

e Steam supply valves to turbine driven-
AFW pumps - CLOSED

e Steam generator blowdown isolation
valves - CLOSED

$

e Steam generator PORVs - CLOSED

O
e Steam generator safety valves

-CLOSED

2 Reduce Cooldown Rote:

O
a. Throttle AFW flow to each SG as a. Dispatch operator to Iccally

required. MAINTAIN MINIMUM align valves.
AFW FLOW OF25 GPM TO
EACH SG

(H brer plant specstic value corresponding to low steamune preu ;are Si serpoint.
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RESPONSE TO HP - BasicECA-4
MULTIPLE STEAM GENERATOR DEPRESSURIZATION 1 Nov.1982

A
V

STEP ACTION / EXPECTED RESPONSE RESPONSE NOT O8TAINED
-

-

| 3 Check CST Level:

a. CST level - GREATER THAN g% a. IF CST level low, THEN switch to

alternate AFW water supply.

4 Check Steam Generator Pressures:

O
| a. All steam generator pressures - a. Go to E-2, LOSS OF SECONDARY
t

LESS THAN as PSIG COOLANT.

| S Check Levelin SGs:

a. Narrc,w range levels - LES a. Throttle AFW flow to maintain

|
THAN 50% narrow range level below 50%.

6 Check Secondary Redistion:
;

,

a. Request periodic activity
sample of all steam generators:
(Enter plant specific steps ]

'b. Secondary radiation - NORMAL b. Go to E-3, STEAM GENERATOR

TUBE RUPTURE.

7 Check Pressurizer PORY Block
Valves:

a. Power available to block valves a. Restore power to block valves.

b. Block valves - OPEN b. Open block valve unless it was j

closed to isolate a faulty PORV.
I

i

O
,

I

til Enter plant spec fic low levet serpoint.

O\
(2) Enter plant speculic value corresponding to low steamline pressure SIserposnt. ,

I
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MULTIPLE STIAM GENERATOR DEPRESSURIZATION 1 Nov.1982

O:

STEP ACTION / EXPECTED RESPONSE
. RESPONSE NOT OBTAINED

-
-

'

8 Check Pressurizer PORVs:

a. PORVs - CLOSED a. ! RCS pressure less than 2335
i psig, THEN manually close PORVs.
| If any valve cannot be closed,3

J THEN manu<rily close its block
' '

valve. IF block valve cannot be
,

'

closed, THEN go to E-1, LOSS OF
! REACTOR COOLANT.

fdHfAA4 If any pressuri er POR V opens because of high RCS pressure,
repeat Step 8 after pressure drops below POR V setpoint.

9 Check if low Hood Si Pumps Should be
Stopped:

a. Check RCS pressure:

1) Pressure - GREATER THAN 1) f less than g psig, THEN go to
g PSIG E-1, LOSS OF REACTOR COOLANT,

STEP 8.

2) Pressure - STABLE OR 2) IF decreasing, THEN go to
INCREASING Step 10.

b. Reset SI

c. Stop low-head Si pumps and place inO standby

O

O ' " - > * - " * - ' - " - ~ ~ ~ ' ' - -
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N
ECA-4 MULTIPLE STEAM GENERATOR DEPRESSURIZATION 1 Nov.1982

O
STEP ACTION / EXPECTED RESPONSE RESPONSE NOT 08TAINED- -

fM4!!AM e if RCS pressure drops below m psig, the low-
head SIpumps snust be manually restarted to
supply water to the RCS.

e Seal injection flow should be maintained to

|
* all RCPs.

|
,

| 10 Check if RCPs Should be Stopped:
1

a. Si running - CHECK FOR FLOW a. DO NOT STOP RCPs, go to

i OR PUMP BREAKER INDICATOR Step 11.
LIGHTS Lli

| e Charging /SI

- OR -

e High-head Si

b. R'3 pressure - EQUAL TO b. DO NOT STOP RCPs, go to

OR LESS THAN g PSIG Step 11.

c. Stop all RCPs

O
j

O

(1) Enter shutoff head pressure of low head 51 pumps.

O (2) Enter plant spectfic value dertved from background document to E-0.
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Numeer: Symptom /Titte go,,h P6e.s Dp
HP - Bossc

ECA-4
MULTIPLE STEAM GENERATOR DEPRESSURIZATION 1 Nov.1982 i

O
STEP ACTION / EXPECTED RESPONSE RESPONSE NOT OSTAINED- -

11 Check Containment Spray System:

a. Spray pumps - RUNNING a. LF pumps NOT running, THEN go
to Step 12.

b. Containment pressure - LES THAN b. Maintain containment spray until
al PSIG containment pressure is below gi

psig.

c. Reset containment spray signal

d. Stop containment spray pumps.and
place in standby:

,

'

1) [ Enter plant specific steps]

12 Check RWS7 Level: ;

c. RWST level - GREATER THAN (a c. IF less than la, THEN align SI
system for cold leg recirculation :

per ES-2.2, TRANSFER TO COLD '

LEG RECIRCULATION FOLLOWING

LOSS OF SECONDARY COOLANT.

13 Check RCS Het Leg Temperature:

I a. RCS hot leg temperature - o. Control AFW to establish a

; STABLE OR DECREASING stable or decreasing RCS hot leg

j temperature.

I

14 Check RCS Cold Leg Temperatures:
:

a. All RCS cold leg temperatures - a. lF any RCS cold leg temperature
.

GREATER THAN 350 F less than 350 F, THEN go to Step
20.

t|} Enter containment 111-1 pressure serpoint.

(W Enter plant specsfic value corresponding to RWSTswstchover alarm m plant specific units.
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'

HP - BosscECA-4 MULTIPLE STEAM GENERATOR DEPRES$URIZATION 1 Nov.1982

O
STEP ACTION / EXPECTED RESPONSE RESPONSE NOT O8TAINED-

-

15 Check Containment Conditions:

a. Containment pressure - NORMAL a. [F high, THEN go to Step 18.

b. Containment radiation - NORMAL b. LF high, THEN go to Step 18.

c. Containment recirculation sump c. LF high, THEN go to Step 18.
level - NORMAL

hitfing If containment conditions exhibit abnormally high or
increasing readings while doing Step 16, go to Step 18.

16 Cksck if Si can Be Terminated (UnderO Normel Containment Conditions):
i

I a. RCS pressure - GREATER THAN a. DO NOT TERMINATE SI.
2000 PSIG AND INCREASING Return to Step 12.

b. Pressurizer level - GREATER b. DO NOT TERMINATE St.
THAN 20*'. Return to Step 12.

c. RCS subcooling - GREATER c. DO NOT TERMINATE SI.
THAN m F Return to Step 12.

d. Secondary heat sink:

1) Flow to at leastf1; SG(s) - 1) DO NOT TERMINATE SI. '

GREATER THAN 25 GPM Return to step 12.

2) RCS hot leg temperatures -
2) DO NOT TERMINATE SI.

STABLE OR DECREASING Retum to step 12.

|

11) Enter sum of temperature and pressure meusurement errors translated unto temperature usms saturatton tables.
(2; Enter mammum number of steam generators supphed by one auntiary feedwater pump.
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O
STEP | ACTION / EXPECTED RESPONSE RESPONSE NOT OBTAINED- -

17 Terminste SI:

a. Go to ES-2.3, Si TERMINATION

FOLLOWING EXCESSIVE RCS

C00LDOWNO
18 Check if 51 Can Be Terminated (Unsier

Abnormal Containment Cenditions):

a. RG pressure - GREATER THAN a. DO NOT TERMINATE St.

2000 PSIG AND INCREASING Return to Step 12.

b. Pressurizer level - GREATER b. DO NOT TERMINATE SI.

THAN 50% Return to Step 12.

c. RG subcooling - GREATER c. DO NOT TERMINATE SI.;

( THAN m F Return to Step 12.

d. Secondary heat sink:

1) Flow to at least m SG(s) - 1) DO NOT TERMINATE 51.
GREATER THAN 25 GPM Return to step 12.

2) RG hot leg temperatures 2) DO NOT TERMINATE SI.
-STABLE OR DECREASING Return to step 12. '

'
19 Terminste SI:

a. Go to ES-2.3, Si TERMINATION

FOLLOWING EXCESSIVE RG

C00LDOWN

1) Enter sum of temperature and pressure measurement system errors translated unic temperature using saturaison tables.

O ((2) Enter minimum number of steam generatt>rs supplied by one auxdiarv feedwater pump.

7 of 9

- - - _ - - - - . _ _ . - _ _ _ _ _ . _ _ .-_. _._. ._ . - - _ _ _ _ _ ____ ___.____.



i

^

1

"~ * * ' " "
RESPONSE TO *[,"*Q

ECA-4 MULTIPLE STEAM GENERATOR DEPRESSURIZATION 1 Nov.1982 |

|

1

STEP ACTION / EXPECTED RESPONSE RESPONSE NOT O8TAINED- -

h/1!!A4 ff RCS cold leg temperature is less than 3SO*F, SI
) must be terminated when termination criteria are met

- to protect vesselintegrity.

| 20 Check if Si Can 8e Terminated (RCS Cold
| Leg Temperstere Below 350*F):

!O
a. RCS pressure - GREATER THAN 700 a. DO NOT TERMINATE S1.

PSIG AND STABLE OR INCREASING Return to Step 12.

b. Pressurizer level - GREATER b. DO NOT TERMINATE Sl.
THAN 20% Return to Step 12,

c. RCS subcooling - GREATER c. DO NOT TERMINATE SI.
THAN m F Return to Step 12.

d. Secondary heat sink:

O,

1) Flow to at least m SG(s) - 1) DO NOT TERMINATE SI.
j GP. EATER THAN 25 GPM Return to step 12.

2) RCS hot leg temperatures 2) DO NOT TERMINATE SI.
-STABLE OR DECREASING Return to step 12.

; 21 Terminate SI:

I
! a. Go to ES-2.3, Si TERMINATION

FOLLOWING EXCESSIVE RCS

COOLDOWN

|
|
,

- END -

'

(1) Enter sum of temperature and pressure measurement system errors translated into temperature ussng saturation tables.
W Enter the minimum number of steam generators supplied by one auxstiarv feedwater pump.
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( FOLD 0UT FOR GUIDELINE ECA-4

1. SYMPTOM FOR E 2, LOSS OF SECONDARY COOLANT

Go to E-2, LOSS OF SECONDARY COOLANT, if any steam generator repressurizes above ai psig at any

time.

O
. SYMPT 0M FOR E-3, STEAM GENERATOR TUBE RUPTURE2

Go to E-3, STEAM GENERATOR TUBE RUPTURE, if any steam generator level increases rapidly at any
,

| time.
I

3. SECONDARY HEAT SINK CRITERl0N

Auxiliary feedwater flow should be controlled to stablize RCS hot leg temperature if temperature is

increasing at any time.

4. COLD LEG RECIRCULATION SWITCHOVER CRITERION

IF RWST level less than g%, THEN align 51 system for cc!d !eg recirculaton per ES-2.2, COLD LEG

RECIRCULATION FOLLOWING LOSS OF SECONDARY COOLANT.
~

O

- O
|

O
f!) Enter plant spectfic value corresponding to low steamline pressure Siserpoint.

(2) Enter niant specsfic value corresponding to R WST swstchover alarm in plant spectfic unsts.

O
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1.0 INTRODUCTION

This document provides contingency emergency recovery instructions for multi-

ple steam generator depressurization events for which the E-2, Loss of Secon-
dary Coolant, guidelines are not adequate. In particular, this guideline

; mitigates the consequences of the event where no steam generator pressure

j boundary is intact. Potential initiating events for this contingency could
include seismic events, steamline rupture with a common mode of failure of the

;

steamline isolation valves, stuck open relief or safety valves, or any com-
,

bination of conditions that would affect all steam generators. System

parameter trends that must be recognized to diagnose the transients associated
with this contingency are the same as those presented in E-2, Loss of Secon-

,

dary Coolant.

!

|

|
l

!

O:

i

!

l

; O
I

,

!

,

! O
;

I ECA-4 REVISION: 0 PAGE:1
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2.0 EVENT DESCRIPTION

A multiple steam generator depressurization event initiates from a rupture in
a main steamline, main feedwater line and/or in any piping system that inter-
connects with the secondary side pressure boundary as in E-2, Loss of
Secondary Coolant. The results of the multiple steam generator depressuriza-
tion is a more extensive cooldown and pressure transient since the steamline

isolation signal does not restore the pressure integrity of any steam genera-
tor. The consequences vary considerably depending upon several system parame-
ters: size (s) and location (s) of the rupture (s); safety systems that are
operational; control systems that are operational; initial power level; and
failures that occur.

A summary review of an intermediate size line rupture and large secondary
system pipe rupture are presented in order to describe the system transient
characteristics an operator may encounter following a multiple steam generator
depressurization event.

Intermediate Size Rupture

A rupture is assumed that will result in all loops experiencing decreasing
steam pressure and increasing steam load for which control systems are unable
to compensate. Steam generator water level and primary average temperature
will slowly decrease and the control rods will commence stepping out of the
core in an attempt to paintain nominal primary system average temperature.
Also, due to the decreasing temperature, a primary pressure decrease occurs.
This trend will continue until either the operator diagnoses the cause of the
incident or a trip setpoint is reached on overpower, low steamline pressure,
or low pressurizer pressure. In any case, signals would eventually be gen-
erated for reactor trip, turbine trip, safety injection, feedwater isolation,
steamline isolation, and auxiliary feedwater initiation. With a failure to
restore integrity to any steam generator, all steam generators would continue
to blowdown to atmospheric pressure resulting in a continued decrease in pri-

'

mary system temperature and pressure. As the primary system temperature drops
the heat transfer to the steam generators and the primary system cooldown rate
will be reduced. This trend will continue to the point where the primary

| ECA-4 REVISION: 0 PAGE: 2
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system water volume shrinkage (caused by the cooldown) is overcome by the

safety injection system flowrate and primary system pressure and pressurizer
water volume will be restored. If the auxiliary feedwater flowrate is not

adjusted, primary system cooldown would continue. The primary trend for
diagnosing this event is all steam generator pressures below the low steam
pressure safety injection setpoint.

Large Secondary System Fipe Rupture
v

For the double ended rupture, an immediate decrease in steamline pressure to
the low steamline pressure setpoint (0.5-10 seconds) results in safety injec-
tion, feedline isolation, reactor trip, turbine trip and auxiliary feedwater

initiation signal s. With the failure to restore secondary pressure boundary
integrity to any steam generator (i. e., conunon mode failure of the main steam
isolation valves), a rapid, extensive primary system cooldown and depressuri-
zation occurs. As the primary system temperature drops, the heat transfer to
the steam generators and primary system cooldown rate will be reduced. This
trend will continue to the point where the primary system water volume shrink-
age (caused by the cooldown) is overcome by the safety injecticn system flow-
rate. This results in the primary system pressure and pressurizer water
volume restoration. Depending on the initial conditions of the systems and
the size and location of the rupture, one of two conditions will be reached on
the blowdown. The first is where the steam generator blowdowns are essen-:

tially completed and further cooldown of the primary system is controlled by
the auxiliary feedwater flow. The second is where the primary temperature is3

reduced so far that the heat transfer to the steam generators matches the heat
generation in the primary system which results in a stabilized primary tem-
perature. As for the intermediate size rupture, the primary trend for

diagnosing this event is when all steam generator pressures are below the low
steam pressure safety injection setpoint.

O

O
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SEQUENCE OF EVENTS

LARGE STEAMLINE RUPTURE

HIGH HEAD INJECTION - MAXIMUM SAFEGUARDS

TIME (SEC) EVENT

0.0 Steambreak Initiated

0.7 Low Steam Pressure Trip Setpoint (600 psig) Reached -
Rx Scram

2.7 Inward Rod Motion Achieved

5.7 Main Feedwater Isolation - Aux. Feed Flow Rate of 500
gal / min. Initiated to Each Steam Generator

10.4 Safety Injection System - Low Pressurizer Pressure
Serpoint

27.8 Pressurizer Empty

168.8 Minimum System Pressure Reached (685 psig)

173.0 Pressurizer Begins Refilling

175.0 Steam Generators Depressurized (< 50 psig)

. 180.0 Throttle Aux. Feed Flow to 25 gal / min per Steam Generator
i

1 182.7 Reactor Coolant Pumps Trip

600.0 Minimum T old (267.3 0F)c

600.0 Lecure Safety Injection System

1600.0 Raise Aux. Feed Flow to 150 gal / min per Steam Generator

|

|
|
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3 LOOP LRC STEAMBREAK W/ MULTIPLE 8/0
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system water volume shrinkage (caused by the cooldown) is overcome by the

safety injection system flowrate and primary system pressure and pressurizer
water volume will be restored. If the auxiliary feedwater flowrate is not

adjusted, primary system cooldown would continue. The primary trend for
diagnosing this event is all steam generator pressures below the low steam
pressure safety injection setpoint.

Large Secondary System Pipe Rapture

For the double ended rupture, an immediate decrease in steamline pressure to
the low steamline pressure setpoint (0.5-10 seconds) results in safety injec-

A
tion, feedline isolation, reactor trip, turbine trip and auxiliary feedwater

initiation signal s. With the failure to restore secondary pressure boundary
integrity to any steam generator (i. e., common mode failure of the main steam
isolation valves), a rapid, extensive primary system cooldown and depressuri-
zation occurs. As the primary system temperature drops, the heat transfer to
the steam generators and primary system cooldown rate will be reduced. This
trend will continue to the point where the primary system water volume shrink-
age (caused by the cooldown) is overcome by the safety injection system flow-
rate. This results in the primary system pressure and pressurizer water

. volume restoration. Depending on the initial conditions of the systems and
the size and location of the rupture, one of two conditions will be reached on

' the blowdown. The first is where the steam generator blowdowns are essen-

tially completed and further cooldown of the primary system is controlled by
the auxiliary feedwater flow. The second is where the primary temperature is
reduced so far that the heat transfer to the steam generators matches the heat
generation in the primary system which results in a stabilized primary tem-
perature. As for the intermediate size rupture, the primary trend for

diagnosing this event is when all steam generator pressures are below the low
steam pressure safety injection setpoint.a

1

O

O.
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3.0 IRANSIENT PRESENTATION

Five cases are presented of steamline break transients with the multiple steam
generator depressurization being implemented through a failure of all the main
steam isolation valves to close. A summary is provided for each case to indi-
cate the automatic act; ions, operator actions and various conditions that are
reached.

Each parameter (f. e., pressurizer water volume, reactor coolant system pres-
sure, etc.) is provided on linear and semi-log time scales for comparison.
The cases presented are results of best estimate analyses.

For all cases presented, no chargir,g flow is simulated af ter the safety injec-
tion system is secured.

O

O

O

O
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SEQUENCE OF EVENTS

LARGE STEAMLINE RUPTURE

HIGH HEAD INJECTION - MAXIMUM SAFEGUARDS

TIME (SEC) EVENT

I
0.0 Steambreak Initiated

j- 0.7 Low Steam Pressure Trip Setpoint (600 psig) Reached -
! Rx Scran
1

2.7 Inward Rod Motion Achieved

5.7 Main Feedwater Isolation - Aux. Feed Flow Rate of 500
j gal / min. Initiated to Each Steam Generator

' 10.4 Safety Injection System - Low Pressurizer Pressure
Setpoint

27.8 Pressurizer Empty>

168.8; Minimum System Pressure Reached (685 psig)

173.0 Pressurizer Begins Refilling>

175.0 Steam Generators Depressurized (< 50 psig)

180.0 . Throttle Aux. Feed Flow to 25 gal / min per Steam Generator<

182.7 Reactor Coolant Pumps Trip

600.0 Minimum T old (267.3 0F)c

600.0 Secure Safety Injection System

1600.0 Raise Aux. Feed Flow to 150 gal / min per Steam Generator

;

,

4

:

i

,
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.4 eG , 2@ m ,2~*

|

TIME (SEC)

|

ECA-4 REVISION: O PAGE 7
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,

Is

;

I

|
|
1

3 LOOP LRC STEAMBREAK W/ MULTIPLE 8/0
LOFT-4 1 LOOP MULTIPLE BLOWOOWN BE IC

PLOT 31 RUN 1
2000.0

1750.0 -

_.,

C .

$ 1500.0 -

Y
-

y 1250.0 --
>

y1000.00
$

750.00 - i
a

5
"3 500.00 -

i
e

E 250.00 - -- |

a.a
a = = = , , , ,

. 6 6 6 6 S 8 8 8
6 :0 3 R 8 5 C O E

TIME (SEC)

3 LOOP LRC STEAMBREAK W/ MULTIPLE B/0
LOFT-4 3 LOOP MULTIPLE 8LOWOOWN BE (C

PLOT 5 RUN 1.

2000.0

1750.0 -
C

$ 1500.0 -

| y
3 1250.0 -

3
| g1000.00 -

s
750.00 -

a
W
"g 500.00 -

*
w

E 250.00 -

. . .]

@ $$ $M $N E hg

L_ es=s ea!!!E * m!.a" *
.

TIME (SEC)

ECA-4 REVISION: O PAGE 8
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r,

!

!

!

j.

3 LOOP LR0 STEAMBREAK W/PULTIPLE B/0
LOFT-4 3 LOOP MULTIPLE BLOWOOWN BE IC ,

PLOT 45 RUN 1

1. 75E+C;

1.50E+0i

5
Y 1.25E+0i
2

h1.00E+0
'

'

i y 7.50E+O
$
$ 5.00E+0 r

M
-

2. 5CE40r
-

~
_

_

00 e o o o a o o a

9 9 e o o o

S 8 8 8 0 8 8*
- - - ~go ~ o ~

TIME (SEC)
|

_

3 LOOP LRC STEAMBREAK W/ MULTIPLE 8/D
L0fT-4 3 LOOP MULTIPLE BLOWOOWN BE IC

PLOT 13 RUN 1
:N -

1.75E+CL -

-

1. 50E+0i

5
*

E 1.25E+0 r
i s

a.
-

-

g 1.00E40 i

$ -

j 7.50E+0 -

A -

[o 5.00E+0-,

M
-

2.50E40-
,

I

O $ ail s.. t. a n a m " $ ~
~

"

og =g 88S2 ~ _~~ _,

TIME (SEC)

O ECA-4 REVISION: O PAGE 9
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|
.

!

3 LOOP LRC STEAMBRE AK W/ MULTIPLE 8/0
hLOFT-4 3 LOOP MULTIPLC BLOWOOWN BE IC F'

PLOT 48 RUN 1
11500.0

1250.0 -

5
-

E
y 1000.00 - .

-

8 !

g 750.00 - -

.m
0
w
2 500.00 -
5
W ,t

! * 250.00 - l
!

\

':.
'0.0 g g, g g 6 g 6 o

6 o o o* S 8 3 2 0_ 3_ C 8o ~ o ~ o - ~

TIME (SEC1

3 LOOP LRC STEAMBREAK W/ MULTIPLE 8/0
LOFT-4 3 LOOP MULTIPLE BLOWOOWN 8E IC i

PLOT 22 RUN 1 '

1500.0 '1 Ig

FE.,

, n:
1250.0 eq

~
.

m
%

y 1000.00
_

g -

I
w 750.00
3
a
w
2 500.00 -
<
W

250.00 +=

~ ~ o

8 M_ 8 M_ 8ra.-

TIME (SEC)

O
ECA-4 REVISION: O PAGE 10
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. . . . .
_

s

f

:
:- SEQUENCE OF-EVENTS

2
_ LARGE STEAMLINE RUPTURE (1.4 FT / LOOP)'

. ,

i HIGH HEAD INJECTION - MINIMUM SAFEGUARDS

i.

i

i-
o
| Time Event

|O
{ 0.0 Steambreak Initiated'

,

j '0.7 _ Low Steam Pressure Trip Setpoint Reached '(600 psig) - Rx Scram -

!_ and Safety Injection System Initiated
! 2.7 Inward Rod Motion Achieved
! 3.2 Turbine Trip -

5.7 Main Feedwater Isolation; Auxiliary Feed Flow Rate of 500 gpm
| .

_

; per Steam Generator Initiated
18.0 RCS Pressure <l500 psia*

; 19.7 RCPs Tripped

f 28.2 Pressurizer Empty

| 80.4 RCS Cold Leg Temperatures <350 F

! 170.0 Minimum RCS Pressure Reached (689.5 psia)

180.0 Auxiliary Feedwater F1ow Rate Throttled.to 25 gpm per Steam
Generator ,

,

i 224.2 RCS Pressure '>700 psia
! 3515.4 Pressurizer Water Volum >280 Ft

-600.0 Safety Injection System Flow Terminated (Pressurizer Water Volume '

3
! = 358.1 Ft ; RCS Pressure = 989.6 psia; Tcold = 266.9 F = Minimum

RCS Temperature Reached)

, 2096. Steam Generators Dryout
1 -.

| 2300. Increase Auxiliary Feed Flow Rate to 150 gpm per Steam Generator

! 2600. Cooldown Rate Approximately 40 F/Hr

!

| e

,

; i

!

!,
'

.
,

i ECA-4 REVISION: O PAGE 11
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3 LOOP LRC STE AMBRE AK-HICH IMJECT-MIN SAFECUARDS
LOFT-4 LRG STM8K - HICH (MJ - MIN SAFECUARDS

PLOT 39 RUN l
700.00

C
650.00 -

-o
E
[ 600.00 - -

%
S 550.00 -

500.00 - -

-

3 450.00 -

o
d 400.00 -

9
8 350.00 - -

-

o h
D 3'00.00 -

E
*

250.00 g g g o

a 6 6 8 8 8 8
6 8 8 C 2 0 R

TIME (SEC)

e
3 LOOP LRC STEAMBRE AK-HICH IMJECT-MIN SAFECUARDS

LOFT-4 LRG STMOK - HICH INJ - MIN SAFECUARDS
PLOT 13 RUN I

700.00

C
650.00 -

o
E,

! ; 600.00 -

I %
! S 550 00

500 00

3 450.00 -- -
e-

o
d 400.00 -

9
! S 350.00 -

o

D 300.00
I E

*
250.00 gg g_ g _,g g

88 8M- 6- 8A
- ~ M .cm 2 =_ E T_ E -m

TIME (SEC)

ECA-4 REVISION: O PAGE 12
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._ .

I
'!
!

3 LOOP LRC STE AM9RE AK-HICH IKJECT-MIN SAFECUARDS
LOFT-4 LRG SiH9E - HICH INJ - MIN SAFECUARDS

PLOT 29 RUN 1 )
4700.0 .I

N |

2500.0 - |

q 2000.0 !
i-

U_ i

w
% 1500.0 - -

0
W
a.

U 1000.00 !'

|
'

(
500.00 - -

200.00 56 6 6 o o

8o o o0.0 k 8 8 8 8 3 o .

o n o - ~ ~ m
,

1

TIME (SEC) j
>

l

.

:

3 LOOP LRC STEAM 0REAK-MICH INJECT-MIN SAFEC0ARDS !

LOFT-4 LRC STMSK - HICH INJ - MIN SAFECUARDS !
PLOT 3 RUN 1 !

|2700.0

2500.0 -

,
,

,

?

q 2000.0 -

\
- .

%
w i

E 1500.0 -
-

r
'0

u
| G-

y1000.00 -

500.00 -s

200.00 g o-,

8N0.0 38_8- o-
- ~ ~; ~ C Em 2= 2M

- - - -

TIME (SEC)

ECA-4 REVISION: O PAGE 13
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- -

3 LOOP LRC STE AMBRE AK-HICH IKJECT-min SARCUAROS
LOFT-4 LRC STM8K - HICH IMJ - MIN SAFECUAR05

PLOT 31 RUN 1
2000.0

1750.0
C

$ 1500.0 -

3 1250.0 - $r

3
5 1000.00 - -

2
:=

750.00 -a

M..

y 500.00 -

v.
'

E 250.00 -

0.0 .

8
. . .

98
.

8 8 8 8o o o
8 8 C 8 0 Ro

TIME (SEC)

O
I 3 LOOP LRC STEAMBREAK-HICH IMJECT-MIN SAFECUARDS

LOFT-4 LRC STM8K - HIGH IMJ - MIN SAFECUARDS
PLOT 5 RUN 1

2000.0

1750.0 - --

C

$ 1500.0 - --

r
3 1250.0 - -

o

5 1000.00 - -!

| 7
i m

750.00 - -
| e

M
.

y 500.00 - -

0
E 250.00 & -

|

| 0.0 6 6-~ 6- 6- 6- o->
| 8 87* 8 55HlHE 8 ~ "-

o-
| 2 %. 9 o ._ . 8= 8=

m, m- m_ m-.-

TIME (SEC)

| ECA-4 REVISION: O PAGE 14
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..

3 LOOP LRC STE AMBRE AK-ulCH 10ECT-MIN SAFECUAR03
LOFT-4 LRC STM8K - HICH 10 - MIN SAFECUARDS '

PLOT 45 RUN 1
1.75E+C',

1.50E+0b

E

~_~ 1.2SE+0
--

>

4.

8 1.00E+0 r

a

G
{ 7.50E+0

i
E 5.00E+0 >

-

S
2.50E+0> -

~

0.0 , , , ,g g
E 8 8 8o o o

S 8_ C 2 0 2o

TIME (SEC)

i

.

3 LOOP LRC STEAM 8AEAK-HICH 10ECT-MIN SAFECUARDS
LOFT-4 LRC STMBE - HICH 10 - MIN SAFECUARDS

PLOT 13 RUN I
1. 75E+C ;

i

1.50E+0h -

-

S
|1.25E+00 -~

D l
a.

I8 1.00E+0h - -
|J

$
{ 1.50E M - --

t
[o 5.00E+0 - +

8
2.50E M r -

0.0 -b88M$Q$M8N
EEM 5.F_ 5==:a_ EEiiiii_i $N_ .

j

h) TIME (SEC)

u
ECA-4 REVISION: O l' AGE 15
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3 LOOP LRC STEAMBREAK-+tlCH IIUECT-MIN SAFECOARDS
LOFT-4 LRC STM8K - HlCH lid - MIN SAFECUAR05

PLOT 48 RUN I
1500.0

1250.0 -

2
m
%
q 1000.00 -

5
m
w 750.00
5
C
w

E 500.00 -
<
W
" 250.00 -

0.0
6 6 6 o

8 8 8 8o o o
o a 8 C 8 0 *

-

TIMC (SEC)

O
3 LOOP LRC STEAM 9RE AK-+i!CH INJECT-MIN SAFECUAROS

CJFT-4 LRC SIMBK - HICH IMJ - MIN SAFECUARDS
PLOT 22 RUN !

| 1500.0

125C.0-

5
f

| q 10CO.00 -

1 *

M
750.00w

8
-

3
w

E 500.00
|

-

I

O
250.00 -

*

1

0. C o g_ g cco,,, g_ g- ,_,
i 88"J 8W 8N ~

! S 2C 8= 8=
o-~

o-
| ~_ ~, ~ _ ~ _

.-

| TIME (SEC)

|

ECA-4 REVISION: O PAGE 16
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._. ..
.

a

|
'

! t

' SEQUENCE OF EVENTS
2

i INTERMEDIATE STEAMLINE RUPTURE (0.15 FT / LOOP)

i HIGH HEAD INJECTION - MAXIMUM SAFEGUARDS

;

;

Time Ey nt

| 0.0 Steambreak Initiated
(

| 51.2 Overpower AT Reactor Trip Setpoint Reached

53.2 Inward Rod Motion Achieved
7

|
53.7 Turbine Trip .[
78.0 Safety Injection System - Low Pressurizer Pressure Setpoint |

: Reached ;
i . .

-

[ 83.0 Feedwetor Isolation; Auxiliary Feedwater (AFW) Flow Initiates |
r

| at 500 gpm per Loop j
! 231 .0 AFW Flow Throttled to 25 gpm per Loop j

f 284.0 Pressurizer Empties .!
ti -

i: 804.2 Safety Injection System Flow Tenninated

2130. Steam Generators Dryout; Minimum Cold Leg Temperature P.eached f
(314.7 F) .;

j 3048. Primary Reliefs Lift (
| 3100. Auxiliary Feedwater Flow Rate Increased to 150 gpm per Steam

i Generator i

3102. Primary Relief Reseats ]
3500. Cooldown Rate Approximately 90 F/Hr I

,

| Li

1O |
7

:
i

,

!'

i ?

!@ !
t i

I ,!

O
,

ECA-4 REVISION: O PAGE 17 i
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3 LOOP STE AMBRE AK V/ MULTIPLE 8/3
LOFT-4 3 LOOP MULTIPLE Blav00WN BE IC

PLOT 39 RUN 1

:.
650.00 h -

o
8
[ 600.00 -' .

o
S 550.00 .

i
G.

6_ 500.00
.

3 450.00 - .

o
d 400.00 - .

S
S 350.00 - .

o

D 300.00 -

E
*

250.00 .

o o o o oo
- - . -

8 8 8 8 8o o

8.. 8 A 8 8o,

,

TIME (SEC)
|

|
l

i

| e
1

1 LOOP STE AMBRE AK V/ MULTIPLE B/D
LOFT-4 3 LOOP MULTIPLE BLOWDOWN BE IC

PLOT 13 RUN 1
700.00

-

[ 650.00 -

O
[ 600 00
S
S 550.00 -

'

-

o.
3 500.00 -

,

-

3 450.00
o

.W 400.00 -

S
8 350.00

.io

U 300 00
5
*

250.00 ~
8 8 cNcu 8 c"cx-xxn 8 N 8 ~N
8 8 8a1 '= 8 E= "-" o ccr =n 8N

8% 8@ 8WQ' ~ ~ ~
- ~

TIME ISEC)

; ECA-4 REVISION: O PAGE 18



-_- __ _ _ _ . -, __

3 LOOP STE AMBRE AK U/Mut!!PLE 8/0
LOFT-4 3 LOOP MULTIPLE BLOWOOWN BE IC

j PLOT 31 RUN 1
2000.0

1750.0 -
-

C
-

$ 1500.0 -
-

r,

i 3 1250.0 -

O *
5 1000.00 -

O
-

=
i

750.00a:

.M

-

( ) 500.00 -

\ $ ..

E 250 00 -
-

0.0 -

o o o o og
.

. .

8 8 8 8 8! o o
I 8 8 2 8 8o

,

TIME (SEC)

O-
3 LOOP STEAMBREAK W/Mt'tTIPLE 8/0

LOFT-4 3 LOOP MULTIPLE BLGwCOWN BE IC
PLOT 5 RUN 1

2000.0 '

1750.0 -

C
--

$ 1500.0 -

y
1250.0[

,

I 3
! S

-

1

| $ 1000.00 -
-

l Os

750.00 -
-

=

f500.00 -

0 \

E 250.00 -

'

8 8 P 8 = 8"=:::: 8h7 ?-

88'h 8= 8=|-
o-~ ~ ~

- m rL_ SM EM EG|
- -

TIME (SEC)

I

ECA-4 REVISION: O PAGE 19
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3 LOOP STE AkeaE AK V/ MULTIPLE 8/0
LOFT-4 3 LOOP MULTIPt.E BLOWOOWN BE IC

PLOT,?9 RUN !
2700.0

2500.0 -
-

i

q 2000.0 -

G
%
w
"
3 1500.0 -

-

0
E

y1000.00 -

500.00 -
-

200.00
o 6 6 6 og

0.0 g g g g g g g
o 8 2 8 8 8

TIME (SEC)

O
3 LOOP STE AMBRE AK V/ MULTIPLE B/0

LOFT-4 3 LOOP MULTIPLE BLOVDOWN BE IC
PLOT 3 RUN 1

2700.0

2500.0 -

I

l

q 2000.0 -

G
a.

1500.0 - -

";v
W
a.

y1000.00

9
500.00 -

200.CO
| o g cc,,,,,, g cc,,,, g oc,,,, g__ g_

oo 88=8N8N -
o-

5[ 2% kQ M_,

| TIME (SEC)

ECA-4 REVISION: O PAGE 20
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3 LOOP STE AMBRE AR W/ MULTIPLE B/0
LOFT-4 3 LOOP MULTIPLE BLOV00WN BE IC

PLOT 45 RUN 1
2. 00E+Ci

(y i . 75E+os
_.

$ 1.50E ME
7

1. 25EME.

) $
%./ w 1. 00EM

N
z

7.50E M>a
3
o

[ 5.00E M t
*

t

2.50E+0F

0. 0 . . .

g o o o o o

8 8 8 8 8o o

@ 8 2 8 8o

TIME (SEC)

tO 3 LOOP $1EAMBREAK V/FJLTIPLE B/D
LOFT-4 3 LOOP MULTIPLE BLOWOOVN BE IC

PLOT 19 RUN 1
2.00E+C", :e

1. 75E+0E -

5
d 1. 50E+0V

t
1. 25E+0im

o
S

t.00E+0E -w
N
r

7. 50E+0r -a

$ \

[ 5.00E+0o -

m

2.50E+0F -

0.0 , ,,, 3, ,3 ,_, , _ . , _

8 8= 8=: 8=o- o_

2 E =- ~ -' ~c; - 8=8=m _ ~ _~ _

TIME (SEC)

O
ECA-4 REVISION: O PAGE 21
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3 LOOP STE AMBRE AK V/ MULTIPLE B/D
LCFT-4 3 LOOP MULTIPLE BLOV00VN BE IC

PLOT 48 AUN 1
1500.0

1250.0 - -

S
E_

q 1000.00 -

M
750.00 -lw

E
-

G
w
& 500.00 - -

z
<
W
* 250.00 - -

0.0 4c 3 g g g o
o e o e o
o O, O O.o g ~ m o m-

TIME (SEC)

O
3 LOOP STEAMBRE AK V/HULTIPLE 8/0

LOFT-4 3 LOOP MULTIPLE BLOWOOwH BE IC
Pt_0T22 RUN 1

1500.0

1250.0-

5
-

E_

q 1000.00 -

-

750.00 - -

M
w

| T 500.00 - -

'

z
<

250.00 -

1

0.0 6 6- 6 acrman 6 acrs=xm 6 cr - 6->
8 8 M 8 8 cx'L"EE " " ' ' ' "

o acrx-in
S - ~- 8 E"= 8 =o ocx=-ro~_ ~ _~ _~ _

.-

i TIME (SEC)

ECA-4 REVISION: O PAGE 22
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i-
;

! SEQUENCE OF EVENTS _ ,

2
INTERMEDIATE STEAMBREAK (0.15 FT / LOOP)

. .

'i -

HIGH HEAD INJECTION - MINIMUM SAFEGUARDS--

i
i ,

!

' :

! Time Event
i-
I-
< t

i 0.0 Steambreak Initiated

j 51.3 Overpower AT Reactor Trip Setpoint Reached i

; 53.3 Inward Rod Motion Achieved
t

53.8 Turbine Trip
I- 75.1 Safety Injection System Low Pressurizer Pressure Setpoint |

Reached i

80.1 Feedwater Isolation;. Axuiliary Feedwater (AFW) Flow Initiates 1

at 500 gpm per Loop
! 185.2 Pressurizer Empties; RCS Pressure Drops Below 1500 psia

j 231 .0 AFW Flow Throttled to 25 gpm per Loop I
~

232.0 Reactor Coolant Pumps Tripped i.,

346.2 Minimum Reactor Coolant Sy' stem Pressure Reached (811.0 psia)
,

'
372.2 Pressurizer Refilling
672.5 RCS Cold Leg Temperature <350 F

974.6 Pressurizer Water Volume >20% j
:'

1000. Safety Injection System Flow Terminated (RCS Pressure = !

31087 psia; Pressurizer Water Volume. = 297.3 Ft ; Tcold =' :

!- 315.99 ) {
3

2925. Steam Generator Dryout (Tcold = 292.7 F)
,

3100. AFW Flow Increased to 150 gpm/ Loop f
| 3700. Cooldown Rate Approximately 30 F/Hr i

i
! :

'

i

|O
i 1

!

.

. !.

0
; ECA-4 REVISION: O PAGE 23
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3 LOOP SHL STEAMBRE AK V/ MINIMUM S AFECUARDS
LOFT-4 3 LOOP SML LTM8K W/ MINIMUM SAFECUARDS

PLOT 39 RUN 1
700.00

-
"

650.00 -a +

E
[ 600.00 3 -

$ 550.00 -

s
a.
3 500.00 -- -

-

3 450.00 -- -

$ 400.00 - .

9
8 350.00 - -

S
300.00 - -

"

E
z

250.00 ' g g , g , , , a
9 o o o o o o

9 8 8 8 8 8 8 8 8,o o o - ~ ~ m m

TIME (SEC)

O
3 LOOP SML STE AMBRE AK J/ MINIMUM SAFECUARDS

LOFT-4 3 LOOP SML STM8K W/ MINIMUM SAFECUARDS
| PLOT 13 RUN 1

700.00

C
650.00 -

-o
8
[ 600.00 - 7
%
3 550.00 -

-

i
| 5 500.00 -

-

3 450.00 -
-

o
d 400.00 -

9
8 350.00 -

-

o

D 300.00 -

| E
*

| 250.00
88~M $= 8N 8= ~

| 8 8= 8= 8=-
o---~~_.m 8 = ._ 8 = 8 =-

TIME (SEC)
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3 LOOP SML STEAMBRE AK W/ MINIMUM SAFECUARDS
LOFT-4 3 LOOP SML SThBK W/ MINIMUM SAFECUARDS

PLOT 29 RUN 1
2700.0 ,

2500.0 + -

n

g 2000.0 + -

G
S.

w
$ 1500.0 - -

G
E
a.

U 1000.00 - [A --

a: y

500.00 *

200.00 6 6 6 6 6 6 6 o
o o d 80'0

b. 8 8 8 8 8 8 8 o,o o o - ~ ~ m m

e
TIME (SEC)

3 LOOP SML STEAMSREAK W/ MINIMUM S AFECUARDS
LOFT-4 3 LOOP SML STM8K W/ MINIMUM SAFECUARDS

PLOT 3 RUN 1
2700.0

2500.0 -
.

; 2000 0 -
.

G
%
w
" 1500.03 .

,

yN
n.

y1000.00 -

500 00 -
-

O 200.00
88 8ggQ,_gQ 8N 8N ~'

O. 0 _ o -a g_ gmm
- ~ ~

- ~ m 2 M_ E RSER_ 2 SER_
TIME (SEC)

ECA-4 REVISION: O PAGE 25
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.

3 t J0P SML STE AMBRE AK W/ MINIMUM S AFECUARDS
LOG-4 3 LOOP SML STM8K W/ MINIMUM SAFECUARDS

PLOT 31 RUN 1

_. 1750.0 -

C

$ 1500.0 -

w

1250.0a

$ 1000.00 - -

a
750.00 dm

W
y 500.00
0
8 250.00 -

__

0.0 .

g
.

o o o o o
'

g
.

o
. .

8 8 8 8 8 8o e o
o 8 8 C 2 0 .m

o
-

TIME (SEC)

O
3 LOOP SML STEAMBRE AK W/ MINIMUM SAFECUAROS

LOFT-4 3 LOOP SML STH8K W/ MINIMUM SAFECUARDS
PLOT 5 RUN 1

2000.0

1750.0 -

C
-_

I $ 1500.0 -

l r
3 1250.0
3
$ 1000.00 -

-

4
2

750.00 -
-=

b
y 500.00 -

-

C
8 250.00 -

O.0 , g,_,,,,,, g- ,,c,,,, , _ , , _ ,

88N 8N 8M -
o-

- 2"M 8M 8N"'""""
o n,,, -,

- ~- ~- ~- ~-

TIME (SEC
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3 LOOP SML STEAMBRE AK W/ MIN. MUM SAFECUARDS
LOFT-4 3 LOOP SML STM8K W/ MINIMUM S AFECUARDS.
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3 LOOP SML STEAMBRE AK w/ MINIMUM SAFECUARDS
LOFT-4 3 LOOP SML STM8K W/ MINIMUM SAFECUARDS

PLOT 49 RUN 1
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SEQUENCE OF EVENTS
2

INTERMEDI ATE STEAMBREAK (.1 FT / LOOP)_

e HIGH HEAD INJECTION PLANT - MINIMUM SAFEGUARDS

Time Event

0.0 Steambreak Initiated
101.0 Overpower Delta-T Reactor Trip

103.0 Inward Rod Motion Achieved

103.5 Turbine Trip
182.4 Low Pressurizer Pressure Setpoint Reached for Safety Injection

System Actuation

203.5 Auxiliary Feedwater Flow Initiated at 500 gpm per Steam
Generator

291 .5 Auxiliary Feedwater Flow Throttled to 25 gpm per Steam

Generator
'

297.0 Minimum RCS Pressure Reached = (1563 psia)
3O 297.5 Minimum Pressurizer Water Volume Reached = (51.4 Ft )

748.0 Pressurizer Water Volume >20%

768.2 RCS Pressure >2000 psia

800.0 Safety Injection System Flow Secured (Tavg = 396.2; RCS
3Pressure = 2050 psia; per Water Voluma = 314.1 Ft

860.2 RCSPressure<2000 psi $

2580. Heatup Rate = 18 F/Hr

2600. Auxiliary Feedwater Flow to 200 gpm per Steam Generator
2658. Pressurizer Empties

O 3000. Cooldown Rate 2 90 F/HrU

O

|O
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3 LOOP TINY STE AMBRE AK V/ MULTIPLE 8/0
LOFT-4 3 LOOP TINY STE AMBRE AK MULTIPLE BLOWDOWN BE IC I

PLOT 42 RUN 1
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3 LOOP TINY STEAMBREAK W/MULTIPLL B/0
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4

3 LOOP TINY STE AMBRE AK W/ MULTIPLE B/0
.

LOFT-4 3 LOOP T!NY STEAMBREAK MULTIPLE BLOWOOWN BE ItL

PLOT 23 RUN I
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3 LOOP TINY STE AMBRE AK W/ MULTIPLE 8/0
L0ri-4 3 LOOP TINY STE AMERE AK MULTIPLE BL0w00WN isE IC

i
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3 LOOP TINY STE AMBRE AK V/ MULTIPLE B/D
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3 LOOP T!NY STE AMBRE AK W/ MULTIPLE 8/0
L0rT-4 '3 LOOP TINY STE AM8RE AK MULTIPLE BLOWOOWN BC IC
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3 LOOP TINY STE AMBRE AK V/:4ULTIPLE B/D
LOFT-4 3 LOOP TINY STE AMBRE AP- MULTIPLE BLOWOOWN BE IC
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4.0 REC 0VERY TECHNIQUE;

Figures BD-1 through BD-4 provide a flow diagram of the recovery technique
employed following a multiple steam generator depressurization event.

The first action the operator performs is to attempt to restore the secondary
pressure boundary integrity for the steam generators. If this can be done for
any steam generator, the operator is returned to E-2, Loss of Secondary
Coolant. If this cannot be completed immediately, the operator continues and
throttles auxiliary feedwater flow to 25 gallons per minute to each steam<

generator. To ensure an adequate secondary heat sink is available, the opera-
tor is instructed to verify that the primary water supply is adequate. If

not, then switch to an alternate water supply.

After checking the possibility of a malfunctioning pressurizer PORV, the
operator determines if the RCP's should be stopped due to decreasing pressure.

1

If the rupture occurred inside containment, the operator then checks if con-
tainment spray, if actuated, can be stopped. The operator verifies that a
sufficient supply of water exists in the RWST to supply suction to the safety
injec' tion and containment pumps. If the level is low, the operator switches
the suction to the containment sump.

; The auxiliary feedwater system flowrate is adjusted as necessary to control
the primary system temperature.

Finally, the operator checks to determine if proper conditions exist to tenni-
nate the safety injection system flow. Tbc tennination criteria are sub-
divided into three categories:

O
1. Vessel integrity concerns (Tcold < 350*F)
2. Secondary high energy line rupture inside containment
3. Secondary high energy line rupture outside containment

| If the correct system parameters exist, the operator tenninates safety injec-
tion and procedes to the SI termination procedure.

O
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FIGURE BD-1

;

^^
,

\/

Attempt to Restore
Secondary Pressure

O Boundary In At
*

Least One SG |

s /

Throttle AFW
Flow To

i Each SG

" Switch toLevel Greater ?
Than (1,)% Alternate Supply

! Yes ;,

C

All
G Pressures N

Go To E-2'

O Less Than '

2) psii

| Yes
'

:
'

NR
Throttle AFW to

NSG Level > Maintain NR Level
essTh.an50[ Below 50%

s

Secondary N

Radiation Norma ) Go to E-3

Yes

-1 ) Plant specific low level setpoint
) Plant specific value corresponding to low steam line pressure SI setpoint
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p

,

d

FIGURE BD-2 .

'

;

i

A *

.

,

&

# ressurize x yes
i PORV's Stuck > Go to E-i

Open /
i

; No,

1
'

O CS Pressure x Yes,

Less Than ? Go to E-1
; (1) psig
i

No
\/

Stop LHSI!

Pumps

RCS

ressure Less Yes
7 p ,

Than (2_) psig

\No .

P

Maintain Contain-ontainment go
,

Pressure Less /
; ment Spray Until

! 'han (3_) psi Containment Pres-
! sure Less
: Than (3.) psig

Yes

0
B

.

)
:

O
!

(1) Plant specific shutoff head ' pressure of low lead SI pumps
.

) Plant specific value derived from background document F - 0#

.

) HI - 1 pressure setpoint
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E

i

I FIGURE BD-3
1

O'

,

!

! O
!

O -
Stop Contain-
ment Spray,

. Pumos
|

3

RWST
evel Less Than Yes Cold Leg

> Recirculation
(1)% Per ES-2.3i -

,

, No

RCS Hot
eg Temperature No Control AFW Flow <-

Stable or to Establish Stable
| creasing or Decreasing Hot

/ Leg Temperature
;

,Yes Ii
,

i

C
j

O,

,

)

1) Plant specific value corresponding to RWST switchover alarm
:
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.

I
;

IFIGURE BD-4

O.

!
;

i

C
!

;

h
Plant

All Conditions.

Met For SIRCS Cold Leg No Yes,

Temperatures Greate Termination With Cold y Go to ES - 2.3
Than 350 F Leg Less

Than 350*
Yes g

:

D,

:
.

1

j s

Plant'

formal Conditions ,

i Containment Np Met For SI Termina- Yes
Conditions tion With Abnonnal ) Go to ES - 2.3'

Containment
onditions

Yes
Nos

D

lant
onditions

Met For S1 Ter-
mination With Normal - Yes 3 Go to ES - 2.3

ContainmentO onditions
.

No

"

O

O
ECA-4 REVISION: 0 Page 39

- - . - - - . . - - . . - _ . - - - _ _ . . - . . . . - . - - _ . . _ - - - _ - - - . .



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

y

} S.0 EXPLANATORY INFORi% TION

Step 1

; O
The operator should verify that all valves that provide isolation to other,

systems, that should be closed, actually are closed. If the valves cannot be-
a

'

verified closed or the valves cannot be closed manually, then an operator is
dispatched to locally close the valves (one loop at a time) before continuing ,

j to the next loop.

! One loop at a time it. specified in order to ensure a complete, local check of
valves for one steam generator to restore integrity to at least one steam
generator as early as possible. The operator's judgement of the sitcat' , may

i provide the best loop on which to attempt the pressure boundary restoration.
e

If integrity can be restored to any loop, the operator is directed to immedi-
; ately go the E-2, Loss of Secondary Coolant.

; Step 2

Auxiliary feedwater flow to each steam generator is throttled with a minimum
flow of 25 GPM in order to provide the following effects:

A minimum flow of 25 GPM to each steam generator to prevent steama.
! generator tube dryout.

b. Auxiliary feedwater flow should be minimized to reduce the cooldown

that the primary is exneriencing from the blowdown of all steam gen-
erators

O c. Auxiliary feedwater flow should be reduced to minimize the water
inventory in the steam generator that eventually provides additional
steam flow to containment or the environment.

'

.

O1
,

F
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Step 3

The primary source for auxiliary feedwater should be monitored to assure an
adequate supply for cooldown purposes. Upon indication of inadequate supply,
efforts should be made to switchover to a secondary heat sink.

Step 5

The operator checks s'.eam generator narrow range level indication. If level

is greater than 50 percent indication, then the steam generator tubes are
covered and auxiliary feedwater may be throttled below the 25 GPM minimum of
step 2 to the affected steam generator (s) to prevent over filling the steam
generator (s).

If controllable, levels should be maintained at the nominal no load level. If

the operator is unable to control level in a steam generator, i. e., level
increases in an uncontrolled manner, then the possibility of a steam generator
tube leak should be investigated.

Step 6

Secondary radiation levels are to be checked periodically for indications of
steam generator tube rupture or leakage.

Steps 7 and 8

The operator should verify that the pressurizer PORV's operate properly and do
not inadvertently remain open after the RCS pressure decreases below the PORY

setpoint.

Step 9

Upon safety injection initiation all safeguards pumps are started regardless

|
of tha possibility of high RCS pressure with respect to the low head safety

| injection pump shutoff head. On low head systems where the pump recirculates
1

on a small volume circuit there is concern for pump and motor overheating.

O

I
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l
:

Shutdown of the pump and placement in the standby mode when the RCS .is in this,

[ . condition allows future pump operability. |
1,

-Step 10 _|
|

-!

Upon loss of component cooling water and seal injection flow, a concern exists -j
,

| for continued pump availability due to overheating, thus the requirement for 1
I expeditious termination of pump operation if at least one train of safeguards
| equipment is verified to be operating. If the pumps are shutdown, seal injec-
! tion flow should be restored to maintain pump seal operability, i. e., mini-

mize losses of reactor coolant through the pump.

|O
I

, Step 13

,

Near the end of the steam generator blowdown (s), the heat removed may drop

j below that which is generated in the reactor coolant system and temperatures

| will start increasing. Auxiliary feedwater flow is then controlled to stabi-

lize the primary hot leg temperatures that would othw, wise create additionali
4

thermal stresses in the reactor coolant system and also prevent potential
voiding in the hot leg.

! Steps 14, 15, 16, 18, 20
;

i
1

j Several concerns must be addressed following a multiple steam generator
.

j depressurization event. These include the following:
.

i

a. vessel integrity
e

!
,

3 b. secondary heat sink

LO
| c. mass and energy release into containment
{
,

'

d. water relief via the pressurizer safety and/or relief valves due to
charging pump operation.

!

1

i
)

; O
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The conditions discussed below for termination and restart of safety injection
should be monitored continuously to assure that the RCS is approaching a
stable condition or is responding in a controlled manner.

Vessel integrity becomes a concern following a secondary line rupture if any
wide range reactor coolant temperature TH is less than 350 F. If any

TH <350* is observed, safety injection should be terminated after the opera-
tor verifies that the RCS pressure is greater than 700 psig or increasing,
pressurizer water level is greater than 20 percent of span and increasing,
reactor coolant subcooling is greater than X and auxiliary feedwater is being
injected into the intact steam generators or water level is in the narrc,w
range span in a non-faulted steam generator. As a result of the above termi-
nation criterion, vessel integrity is assured and a means of controlling RCS
pressure is available with adequate RCS inventory and a guaranteed secondary
heat sink.

For the situation in which all wide range hot leg temperatures are greater
than 350 , the safety injection tennination criteria depend upon the environ-
ment existing inside the containment. The termination criteria for the situa-

tion in which a normal containment environment exists are as follows:

a. RCS Pressure greater than 2000 psig

b. Pressurizer water level greater than 20 percent of span
!
,

| c. RCS indicated subcooling greater than X F

i
' d. Auxiliary feedwater flow isolated to all faulted steam generators, and

at least Y gpm of auxiliary feedwater injected into the non faulted
steam generators or wi/a range level in at least non-faulted steam
generator above the up of the U-tubes.

|

The terminiatian criteria for the situation in which an adverse environment,

i. e., high temperature, pressure, radiation, and humidity, exists inside
containment are as follows:

O
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; a. RCS~ pressure greater than 2000 psig 7

'

b. Pressurizer water level greater than 50 percent of span

O.

RCS subcooling greater than X*Fc.

d. Auxiliary feedwater flow isolated to all faulted steam generators, and
!at least Y gpm of auxiliary feedwater injected into the non-faulted

steam generator in the narrow range span.

The operator is instructed to minimize auxiliary feedwater flow to all steam
generators (main feedwater isolation is assumed on a safety injection signal)
in order to minimize the mass and energy release into containment _ or the envi-
ronment following a secondary line ruputure,

i

Safety injection cannot be terminated until the operator assures that a source
;

of heat removal is available to the steam generators.

3 The operator is pennitted to utilize auxiliary feedwater flow indication into
the steam generators as a primary indication that a source of secondary side
heat removal is guaranteed.>

I

The RCS pressue criterion of 2000 psig assures the operator that upon termina-
tion of safety injection, sufficient time is available for placing the plant
in normal makeup and letdown prior to an RCS pressure drop to the automatic
safety injection pressurizer pressure setpoint. Also, the pressurizer level

i criterion is specified to assure that the level is sufficient to guarantee

coverage of the heaters to allow pressure control.4

,

The RCS subcooling criterion is plant specific depending on the accuracy of
,

the instrumentation. Since a cooldown operation has not yet been initiated,

I and the plant could be in natural circulation at this time, the subcooling
: required for safety injection termination is minimized to avoid overpressuri-

zation or overfilling the system. The pressure / temperature conditions satis-
fying this criterion may violate pressure / temperature requirements in a

: particular set of plant technical specifications.

;

,
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Steps 17,19, 21

Af ter the proper plant parameters are achieved and safety injection is termi-
nated, the operator proceeds to a subprocedure for SI tennination. Instruc-

tions are provided in the guideline for (1) plant recovery using normal charg-
ing and letdown, (2) Checking conditions for SI reinitiation and subsequent
rediagnosis, and (3) preparing the plant for going to cold shutdown conditions.

O

O

|

|

O

O
i

e
i
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THAN NOVEMBER 1, 1982.

File this sheet with the approved version of this guideline in your
Emergency Response Guideline set.
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