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t FR H.1 RESPONSE TO LOSS 0F SECONDARY HEAT SINKHP Basic
1 Sept.,1982

.

STEP ACTION / EXPECTED RESPONSE RESPONSE NOT OBTAINED

-
-

-t

M?!^4 e if RCS pressure and temperature start to increase
*~

due to loss of secondary heat sink while doing
neps 1 through 11, go immediately to step 13.

e A faulted or ruptured steam generator should
remain isolated throughout further restoration
actions.

1 Check if Secondary Heat link is
Required:

a. RCS pressure - GREATER THAN
a. E less than all intact steam

'

ANY INTACT STEAM GENERATOR * generator pressures, THEN go to
PRESSURE

E-1, LOSS OF REACTOR COOLANT,'

STEP 1.

2 Establish AFW Flow To intact Steam.

Generators:

a. Align AFW volves for proper a. Locally align valves, if possible.
.

emergency alignment !.!!..

b. Stort AFW pumps: b. Locally start pumps, if possible.
* * Motor-driven pumps

._.

* Turbine-driven pump

c. Check CST level - GREATER c.1 CST level low, THEN switch to
-

THAN S.! % alternate AFW water supply.

3 Check AFW Flow To intact Steam,

i . Generators:

a. Total AFW flow to intact a. IF less than 01 gpm, THEN go
steam generators - GREATER to step 4.
THAN Fl GPM

g b.1 greater than 2 gpm, THEN
return to guideline in effect

,

(1) Enterplant specVic list.

(2) Enter plant specific low levelserpoint.
5

Q) Enter plant spectfscflow equal to at least one motor derven AFWpump at daign pruswe
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( FR H.1 RESPONSE TO LOSS 0F SECONDARY HEAT SINK (Cont.)HP - Basic
1 Sept.,1982

-

STEP ACTION / EXPECTED RESPONSE RESPONSE NOT OBTAINED
-

-

4 Check Feedwater Isolations

o. [ Enter plant specific means]

.lf.feedwater isolation is actuated,
THEN reset 51 and feedwater
isolation

5 Establish Mein FeMwater Flow To IF main feedwater cannot be
intact $ team Generefors: established, THEN go to step 7.
a. [ Enter plant specific means]

6 Check Intact Steam Generator
Levels:

a. Narrow range level in at least a. IF less than ni %, THEN go
one intact steam generator - to step 7.
GREATER THAN !!! %

b.f, greater than !? %, _THEN
*

return to guideline in effect
,

,

7 ~ Check Condensate System - IF NOT ovailable, THEN go to
AVAILABLE step 12.

?
~

8 Rapidly Depressurize At least

One intact Steam Generator (s)
To .S! PSIG.

9 Check Feedwater Isolation:

a. [ Enter plant specific means]
-

#F_feedwater isolation is actuated,

.lHEN reset si and feedwater.

isolation

10 Establish Condensate Flow Te At Econdensate flow cannot be .
Least one Depressurized intact established, THEN go to step 12.
Steam Generator (s):

a. [ Enter plant specific means]

(1) Enter plant spenfic value showing levrf just in narrow range including allo wancafor normal channel accuracy. post-accident transmitter
errors and reference leg process errors.

(2) Enter plant speqfic pressurr below shutoff head of condensate pumps.
.
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RESPONSE TO LOSS OF SECONDARY HEAT SINK (Cont.)

HP Basic
1 Sept.,1982

~

.

STEP ACTION / EXPECTED RESPONSE RESPONSE NOT OBTAINED
- -

-

11 Check latect steem Geeerster
Levels:

a. Norrow range level in at least a, IF less than (11 %, THEN go
one depressurized intact steam to step 12.
generator - GREATER THAN H %

b. !E greater than & %, THEN.

return to guideline in effect

12 Check For Loss Of Secondary Hest
Sink:

*

o. RCS temperatures o.f stable or decreasing, THEN
1) Wide range temperatures - return to step 1.

INCREASING.

-OR-

2) Core exit TCs - INCREASING

b. RCS pressure - INCREASING b. E stable or decreasing, THEN
.

,
,[ return to step 1.

Y Steps 13 through 17 must be performed quickly in
order to establish RCS heat removal by RCS bleed and,

feed...

13 Verify si Initiated. g NE initioted, THEN:

a. Manually initiate 51.

b. Verify 51 outomatic actuations while
continuing in this guideline.

.

* Implement steps 5 through 15 of
E-0, REACTOR TRIP OR SAFETY

.

INJECTION.

(!> Enter plant spenfic value showint eveljust in narrow range including silowancesfor normal channelaccuracy, post.acadentl
transmater errors and reference let process errors.

3 of 7
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FR H.1 RESPONSE TO LOSS OF SECONDART HEAT SINK (Cont.)HP Basic
1 Sept.,1982

-

7 STEP ACTION / EXPECTED RESPONSE RESPONSE NOT OSTAINED, -

14 Check RCS Feed Peth:

a. Check charging /51 valve alignment - c. Manually open or close volves,
PROPER EMERGENCY AllGNMENT as appropriate.

b. Check charging /S! pump running - b. Manually stort pumps f,at leest;
AT LEAST ONE BREAKER one charging /51 pumps cannot be
INDICATOR LIGHT LIT started, THEN DO NOT ESTABLISH

RCS BLEED PATH. Continue attempts
to start charging /51 pumps.

f4V!!^4 DO NOTproceed to step 15 until RCSfeed path is
established.

15 Establish RCS Bleed Path:

a. Verify power available to a. Restore power to block valves.
pressurizer PORV block valves

b. Verify pressurizer block valves - b. Open block valves.
'

OPEN
.

c, Open all pressurizer PORVs
.

16 Check RCS Bleed Peth:

! c. Pressurizer PORVs - AT LEAST a.1two prammint PORVs NOT__

TWO OPEN open, THEN:

1) Start one RCP (preferably in an
intact loop).

2) Open steam generator PORV for

i.
at least one intact steem

.

generator (s).

3) Depressurize intact steem
. -

generator (s) to atmospheric
pressure.

4) Align low pressure water source
to depressurized intact steam
generator (s).

5) Go to step 18.

.
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( FR H.1 RESPONSE TO LOSS OF SECONDARY HEAT SINK (Cont.)
HP - Basic I

- -

1 Sept.,1982
_

~

STEP ACTION / EXPECTED RESPONSE RESPONSE NOT OSTAINED
-

-

t ._ . . .
, |

'

.;s; Seal injection flow should be maintained to all RCPs.

17 . Meistein RC5 Host Removel:

a. Maintain 51 flow

h. Maintain AT LEAST TWO pressurizer.

PORVs open

c. Stop oil RCPs

M?ing If RWST level reaches !]], align SIsys:em for cold leg
'

recirculatic.s per ES-1.3, TRANSFER TO COLD LEG
,

RECIRCULA TION FOLLOWING LOSS OF
REACTOR COOLANT.

.

18 Prepare For Switchoter To C,(d leg ,
Recirculation While Continuing in This
Guideline:

a. Implement steps 13 through 17 of
.

E-1, LOSS OF REACTOR COOLANT

19 Continue Attempts To Estilish
decondary Hest Sink:

~

* AFW flow -

* Main feedwater flow
* Condensate flow

'

* Other low cressure flow .

20 Check RCS Temperatures:

' a. Core exit TCs - DECREASING o. jf NOT decreasing, THEN return
to step 19.

b. Wide range temperatures - b. jF NOT decreasing, THEN return
DECREASING

.

to step 19.

(!) En.sr pla.=! apredic value corrcpondmg to R R5Tswitchover alarm un plant speqfic unta.

_
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( FR H.1
RESPONSE TO LOSS OF SECONDARY HEAT SINK (Cont.)HP - Basic

1 Sept.,1982

>

STEP-

-; ACTION / EXPECTED RESPONSE
( RESPONSE NOT OBTAINED -

21 Check For Adequate Secondary Hest
sink:

a. Narrow ronce level in et least one a. JF less than gl %, THEN return
intact steem generator - GREATER to step 19.
WMm%t

b. RCS subcooling based on core exit b. IF less than al *F, THEN return
TCs - GREATER THAN aL *F to step 19.

22 Isolate RCS Bleed Path:

a. Monitor and record core exit
TC baseline temperatures

i b. Close all pressurizer PORVs

c. Compare core exit TC temperature c. E increase greater than 15*F,
increase to baseline - INCREASE THEN reopen all pressurizer
LESS THAN 15*F PORVs and return to step 19.I

NOTE It may be ne.:essary to modify subsequent diagnostic -

and recovery guidance to account for plant conditions
resultingfrom actions performed in this guideline.

-

! 23 Check if 51 Can Be Tennisated:,

~

.. RCS pressure - INCREASES BY
o. DO NOT TERMINATE St. Go to E-0,

AT LEAST 200 PSIG
REACTOR TRIP OR SAFETY
INJECTION, STEP 29..

b. Pressurizer level - GREATER b. DO NOT TERMINATE St. Go to E-0,
THAN 50%

REACTOR TRIP OR SAFETY
( INJECTION, STEP 29.

c. RCS subcooling - GREATER
c. DO NOT TERMINATE SI. Go to E-0,

, THAN al'F
REACTOR TRIP OR SAFETY.

INJECTION, STEP 29.

.

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

_ .._ . . . . .
..

(I) Enter plant specific value showing 1.veljust us narrow range includerig allowancesfor normal channel occuracy post. accident transmitter
errors and reference leg prxess errors.g ,

C) Enter sum of temperature andpressure measurement system errors translated unto temperature using saturation tables.
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STEP ACTION / EXPECTED RESPONSE
- -

( RESPONSE NOT OBTAINED --

24 Terminste SI:

a. Go to ES-2.1, 51 TERMINATION

FOLLOWING LOSS OF SECONDARY
( COOLANT

- END -
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; 1.0 INTRODUCTION

~

Guideline FR-H.1, Response to Loss of Secondary Heat Sink, is a Function

(
Restoration Guideline within the Emergency Response Guideline (ERG)
set. It is one of five guidelines that address challenges to the Heat
Sink critical safety function. Guideline FR-H.1 provides guidance to
address an extreme priority (i.e. reri) challenge to secondary heat sink
that nesults from the potential los; of secondary inventory in all steam

k generators. Less severe challenges to the Heat Sink critical safety
function that result from secondary inventory concerns on individual
steam generators are discussed in the background infonnation documents

for guidelines FR-H.3, Response to Steam Generator High Level, and
FR-H.4, Response to Steam Generator Low Level.

,

The objective of guideline FR-H.1 is to maintain reactor coolant system
'

(RCS) heat removal through maintaining secondary heat removal capability *

or through establishing RCS bleed and feed heat removal if secondary
'

heat removal capability cannot be maintained. Guideline FR-H.1 is
structured to be entered at the first indication that secondary heat *

removal capability is in jeopardy. This pennits maximum time for opera-
tor action to restore feedwater flow to one or all steam generators
before seconaary inventory is depleted and heat removal capability is

~

lost. Once secondary heat removal capability is lost, RCS bleed and
feed must be established to minimize core uncovery and prevent
inadequate core cooling.

5, The first sign that secondary heat transfer capability is in jeopardy is
,

that auxiliary feedwater (AFW) flow is not available to any steam gen-
erator. Following a reactor trip pr safety injection (SI) actuation,
main feedwater isolation is automatically actuated. Auxiliary feedwater
flow to the steam generators must be automatically or c:anually actuated
in order to maintain adequate secondary inventory for secondary heat
removal capability. Consequently, the loss of AFW flow is utilized to

.

FR-H.1 Page: 2 Rev: HP-Basic
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s

detect the loss of secondary heat sink challenge to the Heat Sink
critical safety function. When this extreme priority challenge is '

detected, the operator is directed to imediately implement guideline
F R-H . l .

-

Entry into guideline FR-H.1 may occur from several sources within the )

ERG set. Following a reactor trip witnout automatic SI actuation,
guideline FR-H.1 may be entered from step 2 of Guideline ES-0.1, Reactor
Trip Recovery. Following a mactor trip with automatic SI actuation,
guideline FR-H.1 may be entered from Step 15 of Guideline E-0, Reactor )

Trip or Safety Injection. In both cases, the subject steps direct the
operator to guideline FR-H.1 if AFW flow cannot be verified. Other
possible entry sources are the Heat Sink critical safety function status
tree and the foldout page of various optimal recovery guidelines. These
sources ensure continuous monitoring of the plant safety state and
direct the operator to guideline FR-H.1 if AFW flow is lost as a result
of equipment failures subsequent to the initiating event.

Guideline FR-H.1 may be exited at several locations depending on the
,

status of secondary heat sink and whether RCS bleed and feed heat *

removal is, initiated. In general, the operator is directed to the opti-
mal recovery guideline in effect if secondary heat sink is restored
before RCS bleed and feed heat removal is initiated. If RCS bleed and

' ' feed heat removal is initiated, the operator is directed to Step 29 of
'

guideline E-0 or Step 1 of guideline ES-2.1, SI Termination following
Loss of Secondary Coolant, following mstoration of secondary heat sink
and tennination of RCS bleed and feed heat removal. The transitions and
interactions of guideline FR-H.1 are described in detail in Section 3.0

I

, .
,

i
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s

2.0 DESCRIPTION OF EVENT;

,
A loss of secondary heat sink transient can result from a loss of all
feedwater initiating event (i.e. loss of all main feedwater with AFW

\
flow unavailable) or can occur in combination with other plant emergency
events (i.e. reactor trip or SI condition with AFW flow unavailable).

The loss of heat sink transient is characterized by depletion of secon-'
dary inventory and degradation of secondary heat transfer capability.
As secondary heat transfer capability degrades, core decay heat will
increase RCS temperature and pressure until the pressurizer power opera-
ted relief valves (PORVs), if available, or pressurizer safety valves
open to relieve the increasing RCS pressure. At this point a small loss
of reactor coolant will exist. If operator action is not taken, the
pressurizer PORVs or safety valves will cycle open and closed at their
setpoint pressure removing RCS mass inventory and a limited amount of
core decay heat until sufficient mass is removed to uncover the core.
If the loss of secundary heat sink transient results from loss of main'

feedwater with AFW flow unavailable or from a reactor trip with AFW flow -

unavailable, the transient will not result in automatic SI actuation.

The loss'of secondsry heat sink transient resulting from the loss of all
_ . .

feedwater initiating event is the basis for the generic analyses that
have been perfomed to evaluate the RCS bleed and feed recovery tech-
nique. 'To establish a reference for a description of the RCS bleed and
feed recovery technique, a description of the loss of all feedwater

i transie,nt without operator action is included herein. This transient
description is followed by a description of RCS bleed and feed recovery.

. .

2.1 Loss of All Feedwater
,

The loss of all feedwater transient begins with loss of all main feed-
water. The steam generator water levels rapidly decrease since steam is
still flowing to the turbine without being replaced. The secondary

FR-H.1 Page: 4 Rey: HP-Basic
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pressure and secondary fluid temperature increase rapidly since the ,

The reductioncooling effect of the subcooled feedwater has been lost.
in primary to secondary heat transfer caused by the reduction in primary
to secondary temperature difference causes the RCS pressure and tempera--

tured to increase. The RCS fluid is forced to absorb some of the full '

core power since the degrading secondary conditions reduce the heat
transfer capability in the steam generators. The resultant temperature
increase will swell the RCS fluid causing a surge into the pressurizer
raising its 1evel. This initial pressurization and heatup are terni-

!
nated when the reactor and turbine trip on the coincident signals from

Thisfeed flow-steam flow mismatch and low steam generator water level.
-

early, short-lived phase is characterized as a power pressurization
| since the reactor core remains at full power for about 16 seconds after

main feedwater is lost.

Af ter the trip, the 'RCS pressure and hot leg temperature imediately*

The pressurizer surge line mass flow rate reverses and mass flowsdrop.
out of the pressurizer reducing the level as the RCS fluid cools and

i
shrinks. Although not as rapidly as before trip, the steam generator
levels continue to fall as steam continues to be generated and relieved

*

either by"the steam dump system or through the steam generator safety

, Makeup by the AP4 pumps is assumed to be unavailable.valves.
.

The initial RCS depressurization after reactor trip gives way to a|

quasi-steady state period characterized by core decay heat energy
removal through the steam generators. As mass is depleted through the

| steam dumps or the steam generator safety valves, the steam generators
will slowly dry out. During this period the RCS pressure and

;

| temperature, will be relatively constant as the steam generator level
| There will still bedecreases slowly and begins uncovering the tubes.

sufficient secondary heat removal capability even with a portion of the
,

tubes uncovered to maintain relatively stable RCS conditions.

1
!
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When approximately 70 percent of the tubes are uncovered, the primary to
(~ secondary heat transfer will degrade enough that the RCS will begin a

gradual heatup. The rate will slowly increase as the steam generators
approach dry out. Fluid swell due to the heatup will be reflected in an

-

increasing pressurizer surge line mass flow and the RCS pressure is
| expected to increase to the pressurizer PORY pressure setpoint at this

time. Dt should be noted that computer models used for this transient
calculate a decrease in RCS pressure during this period. This is due to
the model assumption of an equilibrium pressurizer model. During each

,

' time step the model computes the mass flow into or out of the pressur-
izer. With an equilibrium model assumption, the steam and liquid masses
are detemined by homogenizing the mass and energy over the entire pres-
surizer volume. The subcooled fluid surging into the pressurizer will
tend to lower the pressurizer temperature and pressure since the mass-
averaged internal energy will- be reduced. The internal energy of the
pressurizer volume is used to determine the saturation pressure and

'

since it is decreasing pressure will also be calculated to decrease.
Thus, the equilibrium pressurizer model tends to indicate a reduction in
RCS pressure as the RCS heats up and subcooled mass surges into the'

saturate:1 pressurizer volume. Realistically, the pressurizer is a
*

highly non-equilibrium fluid volume and when the subcooled fluid surges
into the pressurizer it is expected to compress the steam space with
only a limited amount of steam condensation. Therefort, the RCS pres-
sure would be expected to increase steadily to the pressurizer PORY
setpoint pressure as a reflection of the RCS heatup.]

Once.tne steam generators dry out, the secondary will no longer be cap-
t able of RCS heat removal and the core decay heat will virtually all go

into raising the RCS fluid temperature through sensible heat
absorp tion. The pressurizer PORVs will cycle open and closed to relieve
enough mass to maintain RCS pressure at their setpoints.

,
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If operator action is not taken, the system will continue in this mode'

until saturation temperature is reached in the core. The core decay
heat will no longer be removed as sensible heat, and will instead be

- removed from the fuel rods as latent heat through steam void production

in the core. Steam will continue to be generated and eventually a sig-|

nificant and prolonged core uncovery will occur. An automatic SI actua- I

tion will not occur, but even if manually actuated will not be very
effective at this high RCS pressum condition.

Even the minimum capacity pressurizer PORVs are calculated to be large )

enough to compensate for the increasing specific volume of the RCS fluid
while it is still subcooled. Therefore, the RCS pressure is not
expected to rise to the safety valve setpoint since the intermittent
pressurizer PORY discharge will exceed the fluid swell. Once the RCS
nears saturation and boiling begins, the pressurizer PORVs may not be .

large enough to compensate for the greater specific volume increases and
the RCS pressure may start to rise towards the pressurizer safety valve
setpoint pressure. If this happens, the pressurizer PORVs will be

effectively maintained continuously open. 3

In summary', the loss of secondary heat sink transient without operator
action will lead to a loss of reactor coolant through the pressurizer
PORVs without automatic SI actuation. Core uncovery will result at an-

RCS pressure equal to the pressurizer PORV satpoint or greater and SI
capability, even if manually actuated, will be severely limited.

2.2 RCS Bleed and Feed Recovery

'

Following the loss of secondary heat sink, operator action to establish
,

RCS bleed and feed heat removal can prevent or minimize cort uncovery.
To establish RCS bleed and feed heat removal, the operator must initiate
high-pressure SI flow to feed subcooled fluid to the RCS and open all
pressurizer PORVs to bleed hot reactor coolant out of the RCS.

FR-H.1 Page: 7 Rev: HP-Basic
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i

s

The effectiveness of RCS bleed and feed heat removal depends on four

| basic considerations. These are (1) the time at which RCS bleed and
feed is initiated following degradation of secandary heat transfer
capability, (2) the core decay heat at the time of RCS bleed and feed

~

initiation, (3) the capacity of the pressurizer PORVs (i.e. number and,

size of valves), and (4) the capacity of the high-pressure SI system
(i.e. number and size of high pressure SI pumps). The first three
considerations govern the RCS depressurization, repressurization and

, pressure stabilization during RCS bleed and feed heat removal. The
! fourth consideration governs the amount of SI flow delivered to the RCS

at existing RCS pressures. RCS bleed and feed effectiveness is
maximized by a combination of these considerations that maximize initial
RCS depressurization, minimize subsequent RCS repressurization and
pressure stabilization point, and maximize SI flow to the RCS at
existing RCS pressures.

Generic analyses have been perfomed to evaluate these considerations in
support of the RCS bleed and feed recovery technique. A summary

'

description of the plant transient and a description of the generic
transient analyses follow. -

Transient Description

?
~

RCS bleed and feed heat removal is initiated as soon as possible af ter
RCS pressure and temperature start to increase due to loss of secondary
heat removal capability. Maximum SI flow is initiated and all pres-
surizer PORVs are opened when the core fluid temperature is still

! subcooled. This will result in rapid RCS depressurization as the
pressur' zer steam bubble and saturated liquid are quickly vented and ai

large subcooled liquid flow is established through the pressurizer,

PORVs. The core fluid temperature when the pressurizer PORVs are opened
t will govern the degree of depressurization since the RCS pressure will

decrease until saturation is reached at tne hotest point in the system.

(
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Af ter saturation pressum is reached in the core the RCS will begin to
heat up as the energy addition and volume swell due to core decay heat
generation exceeds the energy and volume removal capability of the pres-
surizer PORVs. The flow of subcooled liquid through the pressurizer

- PORVs will not remove enough volume to make up for the system swell so
that RCS pressure will continue to rise until a balance between pres-
surizer PORV volume flow and system swell is reached. At that point,
the pressum will stabilize until either a change to steam flow out the
pressurizer PORVs increases the volume removal rate or the com uncovers
reducing the core steam generation rate. This RCS repressurization and i

pressure stabilization point will depend on the cort decay heat level,
the pressurizer PORV capacity and the SI system capacity. All pres-
surizer PORVs should be held open to minimize this RCS repressurization
and pressure stabilization point.

During the pressure stabilization period, all pressurizer PORVs should
be maintained open and all nigh pressure SI pumps should continue to run'

to maximize RCS feed flow. Even with SI feed flow maximized, RCS net

inventory will continue to decrease resulting in an eventual emptying of
the reactor vessel upper head and a drain down to the hot leg eleva- *

ti o n. At that time, steam will oegin to be vented out througn the hot
~

leg to the pressurizer. When the quality of the bleed flow increases to

a large fgaction of steam, the RCS pressure will begin to decrease
~ rapidly. This pressure decrease will permit an important increase in SI~

flow to prevent or minimize core uncovery. As core decay heat genera-
s

tion continues to decrease with time, the energy removal capability of
the pressurizer PORVs will start to exceed tne energy addition due to
core decay heat. This will be accompanied by increasing net inventory

,
~

in the RCS.

.

Transient Analyses

.

Generic analyses have been perfomed to evaluate the time at which RCS
bleed and feed must be initiated to prevent sustained core uncovery.
These analyses have been perfomed for the range of pressurizer PORY

FR-H.1 Page: 9 Rey: HP-Basic
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capacities and core power levels existing in Westinghouse plants. A;

convenient way to categorize the relationsnip of pressurizer PORY
capacity to com power level is the pressurizer PORY flow to rated core
power ratio. These analyses indicate that plants witn cnarging/SI pumps

[ can delay the time at which RCS bleed and feed is initiated until
secondary heat removal capability starts to degrade. Once this
degradation is detected, RCS bleed and feed should be initiated as soon
as possible to maximize its effectiveness. The time available to
initiate RCS bleed and feed to prevent a sustained core uncovery depends,

'
on the pressurizer PORY flow to core power ratio. The larger this ratio '

the more time available to initiate RCS bleed and feed to prevent
sustained core uncovery.

Detailed analyses and descriptions of RCS bleed and feed heat removal
are provided in WCAP-9600 (Report on Small Break Accidents for
Westinghouse NSSS Systems), WCAP-9744 (Loss of Feedwater Induced Loss of

.

Coolant Accident Report) and WCAP-9914 (PORY Sensitivity Study for

LOCW-LOCA Analyses). WCAP-9914 utilizes' an improved model to predict
! required pressurizer PORY opening times to prevent sustained core

uncovery following a loss of all feedwater event for a range of *

pressurizer PORY flow to core power ratios. This WCAP shoula De
utilized to detennine plant-specific pressurizer PORY opening
requirements.

Three cases from WCAP-9914 are included at the end of this section to
illustrate plant response to RCS bleed and feed heat removal. Cases 1
and 2 show plant response to opening the pressurizer PORVs (flow to core

i power ratio of 157.77 (ib/nr)/Mdt) at 1700 seconds and 2100 seconds,
respectively. Case 3 shows plant response to opening pressurizer PORVs
(flow to core power ratio of 79.55 (ib/hr)/MWt) at 1700 seconds. All
cases show that core uncovery is minimized and eventually recovered
through RCS bleed and feed operation. Cases 1 and 2 can be compared to,

observe the effect of the RCS bleed and feed initiation time on plant
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%

parameters. Cases 1 and 3 can be compared to observe the effect of
pressurizer PORY capacity on plant parameters. The following plant
parameters are included for each case.

- a. RCS Hot Leg Fluid Temperature

b. . RCS Cold Leg Fluid Temperature F

c. RCS Pressure

d. Pressurizer Mixture Level
e. Core Mixture Level
f. Steam Generator Pressure ;

g. Steam Generator Mixture Level

The generic analyses are based on a 4-loop, 3411 MWt plant and assume
minimum safeguards flow (i.e. one charging /SI pump and one high head SI
pump) with no spilling lines and subcooled SI temperature of 100*F.
Although not evaluated in the generic analyses, increased SI flow
capacity through the operation of all high pressure SI pumps (i.e. two
charging /SI pumps and two high-head SI pumps) will increase RCS bleed

and feed effectiveness by providing increased SI flow at existing RCS i4

p ressu re s. Safety injection system flow capacity is important for two -

basic reasons. First, cold SI water has available heat capacity to
absorb some quantity of heat in reaching the average RCS temperature.
This initial subcooling helps to reduce the repressurization rate and

-. . the point' of pressure stabilization. Second, SI water replaces the mass
lost out through the open pressurizer PORVs and helps prevent or
decrease the severity of any core uncovery.

!

.

. .

I

!
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3.0 DESCRIPTION OF RECOVERY TECHNIQUE
i

Following detection of the loss of all AFW flow, the operator is direc-
- ted to immediately implement guideline FR-H.l. Guideline entry may come

Ifrom step 15 of guideline E-0, step 2 of guideline ES-0.1, the Heat Sink
status tree or the foldout page of various optimal recovery guidelines.

Prior to initiating secondary heat sink restoration actions, the opera-
tor first checks RCS and steam generator pressures to confirm that sec- ,1

ondary heat sink is required. If secondary heat sink is not required,
the operator is transitioned to guideline E-1, Loss of Reactor Coolant.
If secondary heat sink is required, the operator attempts to estaolish
flow to the secondary side of the steam generators utilizing the AFW

system, the main feedwater system or the condensate system, in that
order of priority. While attempting to establish flow to the secondary
side of the steat generators, the operator Ironitors RCS pressure and
temperature for increasing indications. If operator actions to restore
flow to the steam generator are effective (i.e. minimum AF4 flow is i

established or steam generator narrow range level is restored) before *

secondary heat sink is lost (i.e. RCS pressure and temperature start to
increase),- the operator is transitioned to the optimal recovery
guideline in effect. If secondary heat sink is lost before operator
actions are successful, the operator proceeds to initiate RCS biced and

.

feed heat removal.

RCS bleed and feed heat removal is initiated as soon as possible after

RCS pressure and temperature start to increase cue to degradation of
secondary heat removal capability. Maximum SI system flow is initiated
and all pressurizer PORYs are opened to bleed hot reactor coolant out of
the RCS while the SI pumps feed subcooled fluid into the RCS. The oper-'

ator checks that adequate R",S bleed flow is established (i.e. at least
I

two pressurizer PORVs are open) and maintains RCS bleed and feed heat

removal to prevent or mir,imize core uncovery. If adequate RCS bleed

flow is not established, core uncovery will occur. To delay core uncov-
ery, the operator star's one reactor coolant pump (RCP) to enhance RCS

i
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j~ mixing and attempts to depressurize at least one intact steam generator
to atnospheric pressure and establish flow to the depressurized steam
generator from any low pressure makeup source. Secondary heat sink must

-

be restored by any possible means to prevent core uncovary if adequate
RCS bleed and feed is not established.

.

Following successful RCS bleed and feed initiation, sustained core
uncovery is prevented. The operator should prepare for switchover to
recirculation while continuing attempts to restore secondary heat sink.
If secondary heat sink cannot be restored, the operator should switch-

*

over to cold leg recirculation following depletion of refueling water
storage tank (RWST) inventory. If secondcry heat sink can be restored,

" recirculation operations can be avoided.

If op'erator actions to restore flow to the secondary side of the steam
generators are successful and secondary heat sink is restored, the

'

operator isolates the RCS bleed path and evaluates SI termination
c rite ri a. If the termination criteria are satisfied, the operator is

i transitioned to step 1 of guideline ES-2.1 to terminate SI and c6mplete
plant recovery. If the termination criteria are not satisfied, the -

operator is transitioned to step 29 of guideline E-0 to rediagnose the
plant condition and complete plant recovery,

e

-.

!
.

.

;

i
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4.0 DESCRIPTION OF GUIDELINE STEPS, NOTES AND CAUTIONS
,

This section describes the logic and bases for individual guideline
steps, notes and cautions. A logic diagrEn is included as Figure 4.

~

The guideline step numbers are included on the logic diagram adjacent to ')
the corresponding logic block (s).

c

Caution Before Step 1

>

Following loss of all AFW flow, the operator should attempt to reestab-
lish flow to the steam generators before secondary heat removal capa-
tility is lost due to depletion of steam generator inventory (i.e.

.

dryout) or interruption of reactor coolant natural circulation (i.e.
accumulation of voids in the steam generator U-tubes due to boiling in
the RCS). The operator should initiate RCS bleed and feed heat removal
only if secondary heat removal becomes ineffective. Analyses per-

'

. fomed in WCAP-9744 and WCAP-9914 indicate that the operator has approx-

imately 20 to 30 minutes (based on maximum core decay heat generation)
to restore fiu to the steam generators before secondary heat removal -

capability is lost. If flow is not restored, the analyses indicate that
the operator has several additional minutes to initiate RCS bleed and
feed heat removal to prevent or minimize core uncovery. The sooner RCS
bleed and feed is initiated after loss of secondary heat removal

'

capability, the more effective it will be in minimizing core uncovery.
WCAP-9914 should be utilized for plant-specific infomation.

.

Guideline FR-H.1 is structured to permit the operator to continue
attempts to restore flow to the steam generators until secondary heat
removal becomes ineffective as indicated by increasing RCS pressure and
temperature.. Steps 1 tnrough 11 direct the operator to attempt to
restore flow to the steam generators. Step 12 checks for loss of sec-
ondary heat removal capability and directs the operator to return to
step 1 if secondary heat removal is still effective or to go to step 13
f f secondary heat removal is not effective.
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s

g The first caution before step 1 alerts the operator that if RCS pressure
and temprature start to increase due to loss of secondary heat removal

~
capability at any time while performing steps 1 through 11, the operator
snould immediately go to step 13 to implement RCS bleed and feed. This

caution addresses the time aspect of permiting the operator as much time
as possible before initiating RCS bleed and feed but ensuring as rapid
initiation as possible when secondary heat removal capability starts to
degrade.

The second caution before step 1 alerts the operator to maintain a
faulted or ruptured steam generator isolated throughout restoration
actions in guideline FR-H.l. Flow should be restored to the intact
steam generators so that an effective secondary heat sink can be
maintained. Restoration of flow to a ruptured or faulted steem
generator will complicate subsequent plant recovery in that the optimal
recovery guidelines direct the operator to isolate any ruptured or
faulted steam generator.

.

I Step 1

.

Before implementing actions to restore flow to the intact steam genera-
tors, the operator should check if secondary heat sink is required. For

.

a range of loss of reactor coolant break sizes, the RCS will depres-
surize below the intact steam generators as the RCS break flow will
remove c' ore decay heat. For this range of loss of mactor coolant break

,

sizes, the secondary heat sink is not required and actions to restore
secondary heat sink am not appropriate.

.i

If RCS pressure is less tnan all intact steam generator pressures,-

step 1 directs the operator to guideline E-1 to address a loss of
reactor coolant. The structure of guideline FR-H.1 pennits step 1 to

'

address a range of loss of reactor coolant break sizes in that step 1 is.

perfomed when the operator enters guideline FR-H.1 and when the

operator returns to step 1 from step 12. Break sizes that take longer
to depressurize the RCS will be detected during subsequent passes

( through step 1.
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i

The operator should first attempt to restore operation of the AFW
system. Restoration actions include manually starting pumps, aligning
valves and ensuring an available suction water source. Depending upon

_ the manpower available, the restoration actions should include opera- I

tions outside the control room.

Plants with dual units that possess the capability to crosstle ArW sys-
tems should attempt to establish flow from the non-affected unit. i

Step 3

Following actions to restore AFW flow to the intact steaa generators,
'

the operator checks total AFd flow to the intact steam generators to
detennine if adequate flow has been established to maintain secondary
heat sink. If total AFW flow to the intact steam generators is equal to
or greater than one motor-driven AFW pump at steam generator design
pressure, an adequate secondary heat sink exists and the operator is "

,

transitioned to the optimal recovery guideline in effect. If flow is *

less than tnis value, the operator is directed to step 4 to establish
main feedwater flow.

.

Step 4
.*

--..

Prior to restoring main feedwater flow to the steam generators the
operator should check the status of main feedwater isolation. For the '

,

reference plant, feedwater isolation will most likely exist, having been
actuated by either a reactor trip (P-4 signal) in combination with a low

T,yg signal or by an SI signal. If feedwater isolation has occurred,
the operator should reset the signal in onier to pennit feedwater
isolation an'd bypass valves to be opened. The reference plant utilizes

' '

separate reset features for feedwater isolation depending upon the
initiating signals. If feedwater isolation occurred as a result of

reactor trip in combination with low T,yg, the operator must manually

:
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l

reset a feedwater isolation retentive memory device in order to open the
(

feedwater isolation and control valves. However, if feedwater isolation
occurred as a result of SI actuation, the operator must reset the SI

- signal and the reactor trip breakers in addition to the feedwater isola-
tion retentive memory device in order to open the feedwater isolation
and bypass valves. Since guideline FR-H.1 can be entered following a
reactor trip with or without SI actuation, the operator should check
which signals initiated feedwater isolation and reset the appropriate
signals.

I

Plants should review their plant-specific logic for feedwater isolation
and augment this step with the plant-specific means to check feedwater
i solation. It may be difficult for some plants to reset feedwater
isolation following SI actuation.

- Step 5

The operator should attempt to restore operation of the main feedwater
system and establish main feedwater flow to the steam generators. If#

main feedwater flow is established, the operator is directed to step 6 *

to evalua~te the effectiveness of main feedwater in restoring steam gen-

erator levels. If main feedyater is not established, the operator is

directed to step 7 to attempt to establish condensate flow to the steam-

generators.

Pl;nts should augment this step with plant-specific means to establish

main ~ feedwater flow.

(.
-

Step 6
.

Following actions to establish main feedwater flow to the intact steam
generators, the operator checks the intact steam generator narrow range
levels to detemine if adequate flow has been established to maintain

secondary heat sink. If narrow range level (i.e. level just in span
including allowances for nomal channel accuracy, post-accident trans-
mitter errors and reference leg process errors) has been restored to at
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least one intact steam generator, an adequate secondary heat sink exists
and the operator is transitioned to the optimal recovery guidelne in i

effect. If this level does not exist, the operator is directed to step
7 to establish condensate flow to the intact steam generators.

_

Steam generator narrow range level is utilized in evaluating secondary )-

heat sink since accurate main feedwater flow indication is not available
at low flow rates and steam generator wide range level indication may

not be accurate under abnonnal containment conditions.

I

Step 7

The operator should check if the condensate system is available to
deliver flow to the intact steam generators. If the system is avail-
able, the operator is directed to step 8 to establish flow. If the
system is not available, the operator is directed to step 12 to check
for loss of seconday heat sink.

.

Plants should augment this step with operator training as to the plant-
,

specific means to check the availability of the condensate system. *

Steps 8, 9. and 10

J

Steps 8, 9 and 10 atter ,t to establish condensate flow to at least one
intact steam generator. The operator should attempt to rapidly depres-
surize at least one intact steam generator to below the shutoff head of
the conde'nsate pumps and establish condensate flow to the depressurized

steam generator.

If an SI condition existed prior to step 4, the feedwater isolation
signal would have been reset in step 4. The rapid depressurization in
step 8 would not actuate feedwater isolation and inhibit operator
actions to establish condensate flow to the depressurized intact steam
generator. However, if an SI condition did not exist before the rapid

i
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,

depressurization in step 8, this depressurization may actuate the SI
signal (i.e. low steaaline pressure or low pressurizer pressure) and
feedwater isolation. Step 9 is included to address this possibility and
to direct the operator to reset feedwater isolation and continue
attempts to restore condensate flow. If an SI condition did not exist(
before the rapid depressurization, the operator can attempt to block the
signals that actuate SI but should not slow the depressurization for
this reason.

!

Plants should augment these steps with operator training as to the
plant-specific means to depressurize and estaDlish condensate flow to a
steam generator. Any plants that cannot reset feedwater isolation
following SI actuation should attempt to block the signals that actuate j
SI during the rapid depressurization.

Step 11

Following actions to establish condensate flow to the intact steam
'

generators, the operator checks the intact steam generator narrow range
levels to detemine if adequate flow has been established to maintain *

secondary he.it sink. If narrow range level (i.e. level just in span
including allowances for nomal channel accuracy, post-accident trans-

. mitter Nrors and reference leg process errors) has been restored to at_

least r ne intact steam generator, an adequate secondary heat sink exists
and thu operaor is transitioned to the optimal recovery guideline in

,

effect. If this level does not exist, the operator is directed to step
12 to chi.ck secondary heat sink effectiveness.

( -

Steam generator narrow range level is utilized in evaluating secondary,

heat sink s'ince accurate condensate flow indication is not available at
'

low flow rates and steam generator wide range level indication may not
be accurate under abnomal containment conditions.

I
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Step 12
i

The operator should continue attempts to establish flow to the steam
generator, until secondary heat sink starts to degrace, as indicated by

- increasing RCS pressure and RCS wide range or r. ore exit thermocouple

temperatures. If the operator gets to step 12, initial attempts to )

establish AFW flow, main feedwater flow or condensate flow have been
unsuccessful. Step 12 checks RCS pressure and temperatures to detennine
if secondary heat sink is still effective. If secondary heat mmoval is
not effective, as indicated by increasing RCS pressure and increasing ;

RCS wide range or core exit themocouple temperatures, the operator
continues to step 13 to establish RCS bleed and feed heat removr '. If.

secondary heat removal is still effective, as indicated by stable or
decreasing RCS pressure or stable or decreasing RCS wide range or core
exit thermocouple temperatures, the operator returns to step 1 to
continue attempts to restore flow to the steam generators.

Step 1 through step 12 fann a loop in which the operator attempts to
restore flow to steam generators until either secondary heat sink is
lost (i.e. step 12), secondary heat sink is not required (i.e. step 1) *

or adequate flow is established to the steam gene.rators to restore
,

secondary heat sink (i.a steps 3, 6, or 11).

Caution before Step 13-

Once the operator detects that secondary heat sink is lost, RCS bleed
and feed must be established witnin several minutes to prevent or mini-
mize core uncovery. The caution before step 13 alerts the operator that

,

'
steps 13'through 17 :Pust be perfonned quickly in order to establish RCS
bleed and feed heat removal.

, ,

Step 13

The operator should verify that SI is initiated as the first step in
establishing RCS bleed and feed. This will ensure that maximum high
pressure SI flow is available to provide RCS feed flow and that the

,
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4 containment is isolated to confine reactor coolant releases resulting '

'

from RCS bleed flow. If SI is noc initiated, the operator should manu-
ally initiate SI and implement steps 5 through 15 of guideline E-0 to
verify SI automatic actuations. The operator should continue to quickly

-

(
establish RCS bleed and feed while verifying SI automatic actuations.

Step 14
.

The operator should check that an effective high pressure RCS feed path
'

is established before establishing the RCS bleed path. For the feed-

path to be effective, the op,erator should ensure that the charging /SI
valves are properly aligned and at least one charging /SI pump is run-
ni ng. The operator should manually aligns valves and start pumps, if
necessary, to establish an effective RCS feed path.

Although only one charging /SI pump is required to establish an effective
*

RCS feed path, the operator should attempt to maximize RCS feed flow by
operating as many charging /SI pumps and high-head SI pumps as possible.

9

This will maximize RCS bleed and feed heat removal effectiveness. If no
charging /SI pump is running, the operator * should not open pressurizer *

PORVs to, establish an RCS bleed path since a severe core uncovery will
resul t.

.

!
~ Caution before Step 15

This caution alerts the operator to not establish an RCS bleed path in
step 1:i unless an effective RCS feed path is established in step 14. A

i severe core uncovery will result if RCS bleed is established without
'

effective RCS feed.
.

Step 15,
i

The. operator ensures that all pressurizer block valves are open and
opens all pressurizer PORVs to establisn an RCS bleed path. These
valves must be maintained in the open position until secondary heat sink

i
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is restored. The op3rator sh:uld verify that tha pressurizer PORVs do
Inot automatically close following release of the control board

swi tches. If the pressurizer PORVs do automatically close due to a
spring return to auto switch, the operator should manually maintain the
control board switches in the open position.

.)-

Once the pressurizer PORVs are open, the RCS will depressurize and the-

charging /SI pumps will deliver subcooled flow to the RCS. This will
provide adequate RCS heat removal until flow can be established to the
steam generators to restore secondary heat sink. The operator may )

observe increasing pressurizer level after the pmssurizer PORVs are
opened. Eventually the pressurizer may become water solid and water,

relief will occur through the pressurizer PORVs.

Step 16 .

.

Af ter manually opening the pressurizer PORVs, the operator should check
that at least two pressurizer PORVs are maintained in the open post-.

tion. This condition can be checked by observing the valve position
indicators on the main control board. If at least two valves are * -

,

maintained open, sufficient RCS bleed flow exists to pennit RCS heat
removal. The operator proceeds to step 14.

If at least two pressurizer PORVs are not maintained open, the RCS will
not depressurize sufficiently to pem't adequate feed of subcooled SI--

ficw to remove com decay heat. If com decay heat exceeds RCS bleed

and feed, heat removal capability, the RCS will repressurize rapidly
further reducing the feed of subcooled SI flow and resulting in a rapid ;

decrease of RCS inventory. Although not sufficient to maintain adequate
RCS bleed flow, the operator should maintain a single pressurizer PORY
open if possible. To optimally utilize the remaining RCS inventory to
delay com uncovesy, the operator should start an RCP, if one is not

'

running, to elevate the mixture level in the core. This RCP should be

,
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s

( one in an intact loop, if possible, to maximize any remaining secondary
heat removal capability. The operator should then attempt to open a
steam generator PORY for at least one intact steam generator (s) and
depressurize that steam generator (s) to atmospheric pressure. As the

- steam generator (s) depressurizes the operator should align a low
pressure water soun:e to the depressurized steam generator (s) to restore
secondary heat removal.

. As the steam generator (s) is being depressurized to atmospheric
k prtssure, RCS inventory depletion will exist out of the single

pressurizer PORY or the pressurizer safety valves. The operator should
go to step 18 to prepare for switenover to cold leg recirculation.

Plants should augment this step with operator training as to the plant-
spe:ific means to depressurize an align a low pressure water source
(e.g. fire water or service water) to a steam generatar.

Caution Before Step 17
i

The operator will stop all RCPs in step 17. The caution before step 17 *

_
alerts the operator to maintain seal injection flow to all RCPs. Seal

injection flow is required to the RCPs even when they are stopped in

order to, protect the RCP seal s.
.

Step 17
,

The operator should maintain adequate RCS bleed and feed heat removal

( established in step 16. All RCPs should be stopped to reduce the core
mixture level and maximize the void fraction of the RCS hot leg reactor
coolant flow into the pressurizer. This results in maximizing the

'

energy pe'r' unit mass being released through the pressurizer PORVs.

Stopping all RCPs also eliminates the addition of pump heat to the RCS
inventory.

,
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Caution before Step 18
)

This caution alerts the operator that the SI system must be aligned to
cold leg recirculation if RWST level reaches the appropriate setpoint.
It precedes Step 18 which directs the operator to prepare for switchover

I
- to cold leg recirculation.

Step 18

' RCS inventory is being released to containment to remove core decay heat .

energy. If RCS bleed and feed is established, RCS inventory is being
released through the pressurizer PORVs. If RCS bleed and feed is not
established, RCS inventory is being released through the pressurizer
safety valves. In either case RCS inventory is being discharged to
containment and RWST inventory is being depleted at a rate dependent on

%

RCS pressure and SI flow. The operator should implement Steps 13
~

througn 17 of guideline E-1 to prepare for recirculation while continu-
ing attempts to restore secondary heat sink.

Steo 19 -

While maintaining RCS biced and feed heat removal, the operator should
continue attempts to restore secondary heat sink.

?
"~'

Step 20

The operator should monitor RCS wide range temperatures and core exit
thermocouple temperatures for an indication that flow has been estab-
lished to the steam generators. Decreasing temperatures indicate that,

flow may 'be reaching tne steam generators and starting to remove core

decay heat. . If temperatures are decreasing the operator should proceed,

to step 21 to check if the decreasing temperatures result from the
'

restoration of secondary heat sink.

.
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(
Step 21

Decreasing RCS temperatures indicate the operator should check for an
_ adequate secondary beat sink in preparation for terminating RCS bleed

and feed.
4 An adequate secondary heat stak is required to ensure that

RCS heat removal can be maintained following RCS bleed and feed temin&-
tion. Premature temination will result in incr:::ir.; RCS temperatures
and operator action to reopen the pressurizer PORVs to reestablish RCS

bleed and feed. An adequate seconda'y heat sink minimites the poten-
k tial for cycling of the pressurizer PORVs.

In order to teminate RCS bleed and feed heat removal, the operator must
ensure that narrow range level (i.e. level just in span including allow-
ances, for normal channel accuracy, post-accident transmitter errors and
reference leg process errors) has been restored to at least one intact

,
steam generator and that RCS subcooling (l'.e. the sum of temperature and

pressure measurement system errors translated into subcooling) has been
re stored. These two conditions indicate that the secondary heat sink is

I adequate to permit termination of RCS bleed and feed. The operator

should continue with steps 19 and 20 until an adequate secondary heat *

sink is obtained.

Step 22 8
_,

The operator should isolate the RCS bleed path after an adequate secon-
dary hea't sink is obtained. Prior to closing the pressurizer PORVs the
operator should record the core exit themoccuple temperature to estab-

I lish a baseline for comparison with core exit temperature following
pressurizer PORY closure. The orarator should then close all pressur-
izer PORVs,* or the corresponding block valve if a pressurizer PORY fails
to close, and monitor core exit temperatures relative to the baseline

,' temperature. If temperatures remain relatively stable, an adequate
secondary heat sink is confimed and the operator proceeds to step 23 to

i
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tenninate the RCS feed path. If temperatures increase by more than
IST, an adequate secondary heat sink does not exist. The operator
should thert reopen all pressurizer PORVs and go to step 19 to continue
attempts to establish an adequate secondary heat sink.

Note Before Step 23 'l

Steps 23 and 24 transition the operator to the optimal recovery guide-
lines to diagnose the plant condition and complete plant recovery.
However, the RCS bleed and feed portion of guideline FR-h.1 requires I

unique operator actions (e.g. opening a pressurizer PORY to release
reactor coolant to containment or depressurizing a steam generator to
atmospheric pressure, etc.) that may complicate subsequent diagnosis of
the plant condition and actions to complete plant recovery. This
caution infoms the operator that it may be necessary to modify the
subsequent diagnostic and recovery guidance to account for plant
conditions resulting from these unique operator actions that potentially-

result in symptoms of a loss of reactor coolant or loss of 3econdary
coolant.

.

Step 23 and 24

The operator has restored secondary heat removal capability and tennin-
ated RCS bleed and feed heat removal. The challenge to the Heat Sink-

critical safty function has been mitigated and the operator should
return to, the optimal recovery guidelines to complete plant recovery.
Steps 23 and 24 provide SI tusination criteria which determine the
optimal recovery guideline to which the operator should go to complete

,

plant recovery. If the criteria in step 23 are satisfied, the operator
goes to guideline ES-2.1 to tenninate SI. This SI temination guideline
is utilized since its SI reinitiation criteria are consistent with the
SI tennination criteria in guideline .:R-H.1. If the criteria in step 23

,

'are not satisfied, the operator maintains SI running and goes to
guideline E-0 to diagnose the plant condition.

I
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