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FR-H.1 RESPONSE TO LOSS OF SECONDARY HEAT SINK HP - Basic
1 Sept., 1922,
o ——
STEP ACTION/EXPECTED RESPONSE RESPONSE NOT OBTAINED =
m ® If RCS pressure and temperature start to increase
due to loss of secondary heat sink while doing
steps 1 through 11, go immediately to step 13.
® A faulted or ruptured steam generator should
remain isolated throughout further restoration
actions.
1 Check If Secondary Heat Sink Is
Required:
0. RCS pressure - GREATER THAN a. IF 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:
0. Align AFW vaives for proper 0. Locaily align valves, if possible.
emergency alignment (1)
b. Start AFW pumps: b. Locally start pumps, if possible.
® Motor-driven pumps
¢ Turbine-driven pump
¢. Check CST level - GREATER c. IF CST level low, THEN switch to
THAN 2 % citernate AFW water supply.
3 Check AFW Flow To Imtact Steam
- Generators:
a. Total AFW flow to intact 0. IF less than &/ gpm, THEN go
steam genergtors - GREATER to step 4.
THAN 2/ GPM
b. IF greater thon &/ gpm, THEN
return to guideline in effect
(1) Enter plan: specific list.
(2) Enter plant specific low level setpoint.
(3) Enzer plant specific flow equal 1o at least one motor-driven AFW pump at design pressure.
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ACTION/EXPECTED RESPONSE RESPONSE NOT OBTAINED
Check Feedwater Isolation:
0. [Enter plont specific means)

JE feedwater isoiction is actuated,
THEN reset S| and feedwater
isolation

Establish Main Fe-4water Flow To If main feedwater cannot be
Intact Steam Generctors: established, THEN go to step 7.

a. [Enter plant specific means)

Check Intoct Steam Generctor
Levels:

0. Narrow ronge level in at least

4 % , IHEN

return to guideline in effect

Check Condenscte System - JF NOT ovailable, THEN go to
AVAILABLE step 12.

Rapidly Depressurize At Least
One Intoct Steam Generator(s)
To 122 PSIG.

Check Feecdwater Isolation:
a. [Enter plont specific meons)

IF feedwater isclation is actuated,
THEN reset S| and feedwater
isolation

Estoblish Condensate Flow To At IF condensate fiow cannot be
Least One Depressurized Intact established, THEN go to step 12.
Steam Generwtor(s):

0. [Enter plant specific means)

{1, Enter plant specific value Showing leve! just in narrow range inciuding allowances for normal channe! accurecy posi-accident
erTnrs and reference leg process errors.
d) Enter plan: specific pressure beiow shutoff head of condensate pumps
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FR-H.1 RESPONSE TO LOSS OF SECONDARY HEAT SINK (Cont.) "“'s.'m"“,‘m

ACTION/EXPECTED RESPONSE RESPONSE NCT OBTAINED

n Check Intact Steam Generator
Levels:

. Narrow ronge level in at least a. IF less than () %, THEN go
one depressurized intact steam to step 12.
generator - GREATER THAN / %

b. IF greater than &/ %, THEN
return to guideline in effect

12 Check For Loss Of Secondary Heat
Sink:
a. RCS temperature: 0. IF stable or decreasing, THEN

1) Wide ronge temperctures - return to step 1.
INCREASING

-OR-
2) Core exit TCs - INCREASING

b. RCS pressure - INCREASING b. IF stable or decrecsing, THEN
' refurn to step 1.

. >
M Steps 13 through 17 must be performed quickly in
: order to establish RCS heat removal by RCS bleed and
feed.
13 Verify SI Initiated. JF NOT initiated, THEN.
a. Manuelly initiate SI.

b. Verify S| automatic actuations while
continuing in this guideline.

® Implement steps 5 through 15 of
E-O, REACTOR TRIP OR SAFETY
INJECTION.

(1) Enter plan:t specific vaiue showing _lnfl /ust in narrow range including sliowances for mormal channe! eccwracy, posi-accident
ransmiiter errors and reference leg process errors
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. FR-H. RESPONSE TO LOSS OF SECONDARY HEAT SINK (Cont.) |HP - Basic |
| 1 Sept., 1982
STEP ACTION/EXPECTED RESPONSE RESPONSE NOT OBTAINED
14 Check RCS Feed Path:
a. Check charging/S! valve alignment - . Manuclly open or close valves,
PROPER EMERGENCY ALIGNMENT as appropriate.
b. Check charging/S! pump running - b. Manually sturt pumps. IF ot least
AT LEAST ONE BREAKER one charging/Sl pumps cannot be
INDICATOR LIGHT LIT started, THEN DO NOT ESTABLISH
RCS BLEED PATH. Continve attempts
to start charging/S| pumps.
DO NOT proceed to step 15 until RCS feed path is
established.
15 Establish RCS Bleed Path:
0. Verify power available to 0. Restcre power to block valves.
pressurizer PORV block velves
b. Verify pressurizer block valves - b. Open block valves,
OPEN
¢ Open all pressurizer PORVs
16 Check RCS Bleed Path:

0. Pressurizer PORVs - AT LEAST
TWO OPEN

Q. I_Ffwo praccuriver PORVs NOT
open, THEN.
1) Start one RCP (preferably in an
intact loop).

2) Open steam generator PORV for
at least one intact steom
generator(s).

3) Desressurize intact steom
generator(s) to atmospheric
pressure.

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

5) Go to step 18.
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FR-H.1 l RESPONSE TO LOSS OF SECONDARY HEAT SINK (Cont.) 1 Sept., 1982
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STEP ACTION/EXPECTED RESPONSE RESPONSE NOT OBTAINER

g 22 A, Seal injection flow should be mainiained to all RCPs.

17 Maintain RCS Heat Ramoval:
a. Maintain S| flow

b. Maintain AT LEAST TWO pressurizer
PORVs open

¢c. Stop all RCPs

W If RWST level reaches ), align SI syszem for cold leg

recirculatic.1 per ES-1.3, TRANSFER TO COLD LEG
RECIRCULATION FOLLOWING LOSS OF
REACTOR CCOLANT.

Prepare For Switchaser To Cild Leg
Recirculation While Continving In This
Guideline:

a. Implement steps 13 through 17 of
E-1, LOSS OF REACTOR COOLANT

Continve Attempts To Es+=Llish
Secondary Heat Sink:
AFW flow
Wain feedwater flow
condensate flow

Other low pressure flow

Check RCS Tempergtures:

a. Core exit TCs - DECREASING a. IF NOV decreasing, THEN return
to step 19.

b. Wide ronge temperatures - b. IF NOT decreasing, THEN return
DECREASING to step 19,

v plant specific vaiue corresponding tc RWST switchover alarm in plant specific unis
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RESPONSE TO LOSS OF SECONDARY HEAT SINK (Cont.) |HP - Basic

1 Sept., 1982

ACTION/EXPECTED RESPONSE

RESPONSE NOT OBTAINED

Check For Adequate Secondary Heat
Sink:
a. Narrow rance level in ot least one

intact stecm generctor - GREATER
THAN ) %

. RCS subcooling based on core exit
TCs - GREATER THAN 2 °F

Isolate RCS Bleed Path:

a. Monitor and record core exit
TC baseline temperatures

Close oll pressurizer PORVs

. Compare core exit TC temperoture
increase to bas

!
LESS THAN 15°F

ine - INCREASE

a. IF less than 11/ %, THEN return
to step 19,

b. IF less than 2/ °F, THEN return
to step 19,

. IF increase greater than 15°F,
L'\' reopen all praceiriy
I ' \.De-‘ uil pressu zer

.-
ORVs and return to step 19.

ROTE Ir may be necessary to modify subsequent diagnostic
and recovery guidance to account for plant conditions
resulting from actions performed in this guideline.

Check If S| Can Be Terminated:

RCS pressure - INCREASES BY
AT LEAST 200 PSIG

. Pressurizer level - GREATER
THAN 50%

. RCS subcooling - GREATER
THAN 2 °f

(1) Enter plant specific value thowing hvel just in ngrrow range inciuaing aliowances for normai CAannel accuracy, post-accident transmitt

errors and rejerence I€g process errors

2) Enter sum of temperature and pressure measurement system errors rrensicted

. DO NOT TERMINATE SI. Go to E-0,
REACTOR TRIP OR SAFETY
INJECTION, STEP 29,

. DO NOT TERMINATE SI. Go to E-0
REACTOR TRIP OR SAFETY
INJECTION, STEP 29.

. DO NOT TERMINATE SI. Go to E-0.
REACTOR TRIP OR SAFETY
INJECTION, STEP 29.
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RESPONSE TO LOSS OF SECONDARY HEAT SINK (Cont.) |HP - Basic
1 Sept., 1982

ACTION/EXPECTED RESPONSE ~

RESPONSE NOT OBTAINED

Terminate Si:

0. Go to ES-2.1, SI TERMINATION
FOLLOWING LOSS OF SECONDARY
COOLANT
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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.] provides guidance to
address an extreme priority (i.e. red) challenge to secondary heat sink
that results from the potential loss of secondary inventory in all steam
generators. Less severe challenjes to the Heat Sink critical safety
function that result from secondary inventory concerns or individual
steam gencrators are discussed in the background information documents
for guidelines FR-H.3, Response to Steam Generator High Level, and
FR-H.4, Response to Steam Generator Low Level.

ctive of guideline FR-H.1 is to maintain reactor coolant system

heat removal through maintaining secondary heat removal capability
or through establishing RCS bleed and feed heat removal if secondary
eat removal capability cannot be maintained. Guideline FR-H.1 is
structured Lo be entered at the first indication that secondary heat
removal gapability is in jeopardy. This permits 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 cnre cooling.

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. Followiny a reactor trip or safety injection (SI) actuation,
main feedwater isolation is automatically actuated. Auxiliary feedwater
flow to the steam generators must be automatically or manually actuated
in order to maintain adequate secondary inventory for secondary heat
removal capability. Consequently, the loss of AFd flow is utilized to
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detect the loss of secondary heat sink challenge to the Heat Sink
critical safety function. wWhen this extreme priority challenge is

acted, the operator is directed to immediately implement guideline

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 reactor 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
rossible 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 AFd 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

status of seconcary heat sink and whether RCS bleed and feed

removel is initiated. In general, the operator is directed to

mal recovery guideline in effect if secondary heat sink is restored

before RC§ bleed and feed heat removal is initiated. I[f RCS bleed and
-4 heat removal is initiated, the operator is directed to Step 29 of

guideline E<0 or Step 1 of guideline £S-2.1, SI Termination following

Loss of Secondary Coolant, following restoration of secondary heat sink

and termiration of RCS bleed and feed heat removal. The transitions and

interactions of guideline FR-H.1 are described in detail in Section 3.0




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 Toss 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 reiief valves (PORVs), if available, or pressurizer safety valves
open to relieve the increasing RCS pressure. At this point a small loss
of reacter 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
f

core decay heat until <ufficient 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 secondiry heat sink transient resulting from the loss of all
feedwater initiating event is the basis for the generic analyses that
have been performed to evaluate the RCS bleed and fecd recovery tech-
nique. To establish a reference for a description of the RCS bleed and
eed recovery technique, a description of the loss of all feedwater
transient without operator action is included herein. This trensient
description is followed by a description of RCS bleed and feed recovery.

2.1 Loss of All Feedwater

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

FR=-H.1
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pressure and secondary fluid temperature increase rapidly since the
cooling effect of the subcooled feedwater has been lost. The reduction
in primary to secondary heat transfer caused by the reduction in primary
+o secondary temperature difference causes the RCS pressure and tempera-
tured to increase. The RCS fluid is forced to absord 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 level. This initial pressurization and heatup are termi-
nated when the reactor and turbine trip on the coincident signals from
feed flow-steam flow mismatch and low steam generator water level. This
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.

After the trip, the RCS pressure and hot leg temperature immediately
drop. The pressurizer surge line mass flow rate reverses and mass flows
out of the pressurizer reducing the level as the RCS fluid cools and
shrinks. Although not as rapidly as before trip, the steam generator
levels continue to fall as steam continues to be generated and relicved
either by'the steam dump system or through the steam generator safety
valves. pakeup by the AFd pumps is assumed to be unavailable.

The initial RCS depressurization after reactor trip gives way tc 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. DOuring this period the RCS pressure and
temperature will be relatively constant as the steam generator level
decreases Q\owly and begins uncovering the tubes. There will still be
sufficient secondary heat removal capability even with a portion of the
subes uncovered to maintain relatively stable RCS conditions.
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Wwhen approximately 70 percent of the tubes are uncovered, the primary to
secondary heat transfer will degrade enough that the RCS will be3in 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 PORV pressure setpoint at this
time. [It 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 tne mass flow into or out of the pressur-
jzer. With an equilibrium model assumption, the steam and 1iquid masses
are determined by homogenizing thé mass and energy over the entire pres-
surizer volume. The subcooled fluid surging into the pressurizer will
tend to lower tne pressurizer temperature and pressure since the mass
5vera§e: internal energy will be reduced. The internal energy of the
urizer volume 1s used to determine the saturation pressure and
pressure will also be calculated to decrease.
ressurizer model tends to indicate a reduction in
heats up and subcooled mass surges into the
Realistically, the pressurizer is a
highly nopn-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. Therefore, the RCS pres-
sure would be expected to increase steadily to the pressurizer PORY
setpoint pressure as a reflection of the RCS heatup. )

Once the m generators dry out, the secondary will no longer be cap-
able of RCS heat removal and the core decay heat will virtually all go
into raising the RCS fluid temperature through sensible heat

absorption. The pressurizer PORYs will cycle open and closed to relieve
enough mass to maintain RCS pressure at their setpoints.
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[f operator action is not taken, the system will continue in this mode
until saturation tenperature is reached in the core. The core decay
heat will no longe~ ce 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-
tion will not occur, but even if manually actuated will not be very
effective at this nigh RCS pressure 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 PORYs will be
effectively maintained continuously open.

In summary, the loss of secondary heat sink transient without operator
action wi}l lead to a loss of reactor coolant through the pressurizer
PORYs without automatic SI actuation. Core uncovery will result at an
RCS pressure equal to the pressurizer PORV satpoint or greater and 3l
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 hleed ahd feed heat removal can prevent or minimize core 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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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 sec.ndary heat transfer
capability, (2) the core decay heat at the time of RCS bleed and feed

itiation, (3) the capacity of the pressurizer PORVs (i.e. number and
size of valves), and (4) the capacity of the nigh-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

t 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 performed 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

nre

RCS bleed and feed heat removai is initiated as soon as possible after
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 depressurizati:n as the
pressurizer steam bubble and saturated liquid are quickly vented and a
large subcqoled 1iquid flow is established through the pressurizer
PORYs. The core fluid temperature when the pressurizer PORVs are opened
will govern the degree of depressurization since the RCS pressure will
decrease until saturation is reached at the hotest point in the system.

FR=H.1
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After saturation pressure is reachad ‘n the core the RCS will begin to
h2at up as the eneryy iddition and voiume swell due to core decay heat
seneration exceeds the energy and vclume removal capadbility of the pres-
surizer PORYs. The flow of subcooled liquid through the pressurizer
PORYs will not remove enough volume to make up for the system swell so
that RCS pressure wiil continue to rise until a balance between pres-
surizer PORY volume flow and system swell is reached. At that point,
the pressure will stabilize until either a change to steam flow out the
pressurizer PORVs increases the volume removal rate or the core uncovers
reducing the core steam yeneration rate. This RCS repressurization and
pressure stabilization point will depend on the core decay heat level,
the pressurizer PORY capacity and the SI system capacity. All pres-
surizer PORYs should be held open to minimize this RCS repressi'™ization
and pressure stabilization point.

Quring the pressure stabilization pe~iod, all pressurizer PORVs should
be maintained open and all nigh pressure SI pumps should continue to run
to maximize RCS fecd 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-
tion. At that time, steam will pegin to pe vented out througn the hot

3 to the pressurizer. wWhen the quality of tne bleed flow increases to

.:-J
a large frpaction of steam, the RCS pressure will begin to decrease

nidly. This pressure decrease will permit an important increase in Sl
flow to prevent or minimize core uncovery. As core decay heat genera-
tion continues to decrease with time, the energy removal capability of
the pressurizer PORVs will start to exceed the energy addition due to
core decay heat. This will be accompanied by increasing net inventory
in the RCS.

Transient Analyses

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




capacities and core power levels existing in Westinghouse plants. A
convenient way to categorize the relationsnip of pressurizer POR
capacity to core power level is the pressurizer PORV flow to rated core
power ratio. These analyses indicate that plants witn cnarging/Sl pumps
can delay the time at which RCS bleed and feed is initiated until
secondary heat removal capability starts to degrade. Unce this
degradation is detected, RCS bleed and feed should be initiated as soon
a3 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 ratic. The Targer 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-960C (Report on Small Break Accidents for
Wwestinghouse NSSS Systems), WCAP-9744 (Loss of Feedwater Induced Loss of
Coolant Accident Report) and WCAP-9914 (PORV Sensitivity Study for
LOCW-LOCA Analyses). WCAP-9914 utilizes an improved model to predict
required pressurizer PORV 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 WCAFP shouia bDe

utilized to determine plant-specific pressurizer PORY opening
requireménts.

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 )
and 2 show plant response to opening the pressurizer PORVs (flow to core
power ratio of 157.77 (1b/nr)/MAdt) at 170U seconds and 2100 seconds,
respectively. Case 3 shows plant response to opening pressurizer PORVs
(flow to core power ratio of 79.55 (1b/hr)/MWt) at 170U 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 PURY 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
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 4-1o0p, 34171 MWt plant and assume
minimum safeguards flow (i.e. one charging/Sl 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/S! pumps and two high-head SI pumps) will increase RCS bleed
and feed effectiveness by providing increased SI flow at existing RCS
pressures. Safety injection system flow capacity is important for two
basic reasons. First, cold SI water has avai!able heat capacity to
absorb some quantity of heat in reaching the average RUS 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 ~ore uncovery.
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DESCRIPTION OF RECOVERY TECHNIQUE

Following detection of the loss of all AFW flow, the operator is aire

ted to immediately implement guideline FR-H.l. Guideline entry ma’ come
from step 15 of guideline C-0, step 2 of guideline E5-0.1, the Heat 3ink

P

stus tree or the foldout page of various optimal recovery guidelines.

Prior to initiating secondary heat sink restoration actiens, the opera-
tor first checks RCS and steam generator pressurts to confirm that sec-
ondary heat sink is required. If secondary heat sink is not required,

the operator is transitioned to guideiine E-1, Loss of Reactor Coolant.
1f secondary heat sink is requirec, the operator :itempts T ¢staplish
flow to the secondary side of the steam generators utilizing the AFW

system, the main feedwater system or the condensate system, in that

orde~ of priority. Wnile attempting to establish flow to the secondary

de of the stear generators, tne operator monitors RCS pressure and
temperature for increasing indications. If operator actions to restore
flow to the steam generator are effective (i.e. minimum AFA flow is

st before
erature start to
the operator is transitioned to the optimal recovery

qguideline in eff i . sink is lost before operator
actions are succ

feed heat removal.

RCS bleed and feed heat removal is initiated as soun as possible after
RCS pressure and temperature start T0 increase aue to degradation of
secondary heat removal capability. Maximum SI system flow is initiated
and a1l 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 RZS bleed flow is established (i.e. at least
two pressurizer PORVs are open) and maintains RCS bleed and feed heat
removal to prevent or miri!mize core uncovery. If adequate R(C” 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

Rev: HP-Basic




mixing and attempts to depressurize

at least one intact steam generator
to atmospheric pressure and establisn flow to the depressurized steam

jenerator from any low pressure makeup source. Secondary heat sink m

-
Hea s

be restored by any possible means to prevent core uncovery if adequate
R.S 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 opsrator should switch-
over to coid leg recirculation following depletion of refueiing water
storage tank (RWST) invento=y. If secondzry heat sink can be restored,
recirculation operations can be avoided.

and secondary heat sink is restored, the
the RCS bleed path and evaluates SI
termmination criteria are satisfied,
tioned to step 1 of guideline ES-2.1 to terminate and complete
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.




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 diagrem is included as Figure 4.
ne guideline step numbers are included on the logic diayram adjacent to

the corresponding logic block(s).

Caution Before Step |

Following Toss of all AFW flow, the operator should attempt to reestab-
lish flow to the ste2am 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.

accumu'ation 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-
formed in WCAP-9744 and WCAP-9514 indicate that the operator has approx-
imately 20 to 30 minutes (base« imum core decay heat generation)

TO restore 1iuvw ) LA C ore secondary neat removal

pability 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
tleed and #eed is initiated after loss of secondary heat removal

S

ipability, the more effective it will be in minimizing core uncovery.

ACAP-9514 should be utilized for plant-specific information.

Guideline FR-H.1 is structured to permit the operator to continue
attempts to restore flow to the steam generators until seccndary neat
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-
cndary heat removal capability and 4irects the operator to return to
step 1 if secondary heat removal is still effective or to go to step 13
if secondary heat removal is not effective.




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

capability at any time while performing steps 1 through 11, the operator
should 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
fnitiation 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.1. Flow should be restored to the intact
stzam generators so that an effective secondary heat sink can be
Restoration of flow to a ruptured or faulted steanm
will complicate subsequent plant recovery in that the optima)
overy guidelines direct the operator to isolate any ruptured or

2nerator.

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 gepres-
surize below the intact steam generators as the RCS break flow will
remove core decay heat. For this range of loss of reactor coolant break
sizes, the secondary heat sink 1s not required and actions ta restore

secondary heat sink are not appropriate.

[f 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 permits step 1 to
dddress a range of loss of reactor coolant break sizes in that step 1 is
perfcrmed 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.




. %

The operator should first attempt to restore operation of the AFW
system. Restoration actions include manually starting pumps, aligning
va.ves and ensuring an available suction water source. Oepending upon
the manpower available, the restoration actions should include opera-

5

tions outside the control room.

U

lants with dual units that possess the capability to crosstie ArW sys-
tems should attempt to estabiish flow from the non-affected unit.

Following actions to restore AFW flow to the intact stean generators,
the operator checks total AFW flow to the intact steam generators to
determine if adequate flow has been established to maintain secondary
eat sink. If total AF4 flow tc 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 th

e
recovery guideline in effect. If flow is

traned &4 r . + I N LA T T
Lransiti €d L0 Tthne optimal
c than +nie aliia thae Anavat ic dAivertad cetnn A + actak eh
1S90 Vviidll L ¢ YA iucg, LI LDy asy ta UITELALEY LU OWEP & O e5LdiIi1sh
- a1 £ - 2
nain reedwater flow
Coas
JLEP <

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 Tikely exist, having been
Dy either a reactor trip (P-4 signal) in combination with a low
Tavg signal or by an SI signal. If feedwater isolation has occurred.
the operator should reset the signal in order to permmit feedwater
isolation and bypass valves to be opened. The reference plant utilizes
separate reset features for feedwater isolation depending upon the
initiating signals. [f feedwater isolation occurred as a result of

reactor trip in combinztion with low Tavg’ the operator must manually

FR=H.1 Page: 37 Rev: HP-Basic




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 isoia~

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.

Plants should review their plant-specific logiz for feedwater isolation
and augment this step with the plant-specific means to check feedwater
isotiation. It may pe difficult for some plants to reset feedwater

isclation following SI actuation.

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 ©
to evaluate the effectiveness of main feedwater in restoring steam gen-
erator levels. If main feedwater is not established, the operator is
dire::ed'to step 7 to attempt to establish condensate flow to the steam
generators.

Pl.ats should 2ugment this step with plant-specific means to establish

main feedwater flow.
tep 6

Following actions to establish main feedwater flow to the intact steam
generators, the operator checks the intact steam generator narrow range
levels to determine if adequate flow has been established to maintain
secondary heat sink. If narrow range level (i.e. level just in span
including allowances for normal channel accuracy, post-accident trans-
mitter errors and reference leg process errors) has been restored to at

Rev: HP-Basic




least one intact steam generator, an adequate secondary heat sink exists
and the operator is transitioned to the optimal recovery guidelne in

effect. If this level does not exist, the operator is directed to step

to establish condensate flow to the intact steam gjenerators.

Steam generator narrow range level is utilized in evaluating secondary
neat 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 abnormal ccntainment conditions.

The operator should check if the condensate system is available to
ieliver flow to the intact steam generators. I[f the system is avail-
able, the operator is directed to step 8 to establish flow. If the
m is not available, the operator is directed to step 12 to check
loss of secondarv heat sink.

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

specific means to check the availability of the condensate system.

J - -

Steps

Steps 8, 9 and 10 atte. : 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 condensate 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
a~tions to establish condensate flow to the depressurized intact steam
jenerator. However, if an SI condition did not exist before the rapid




depressurization in step 8, this depressurization may actuate the SI
signal (i.e. low steamline pressure or low pressurizer pressure! and
feedwater isolation. Step 9 is included to acdress this possidbil ty 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 depressuri zation for
this reason.

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

during the rapid depressurization.

actions to establish condensate flow to the intact steam

generators, the operator checks the intact steam generator narrow range
b |

'evels to determine if adequate flow has been established to maintain
secondary hest sink. If narrow range level (i.e. level just in span
including allowances for normal channel accuracy, post-accident trans-
mitter ¢rrors and reference leg process errors) has been restored to t
least rne intact steam generator, an adequate secondary heat sink exists
and th. operaor is transitioned to the optimal recovery guideline in
effect. If this level does not exist, the operator is directed to step
12 to chueck secondary heat sink effectiveness.

Steam generator narrow range level is utilized in evaluating secondarv
heat sink since accurate condensate flow indication is not available at

lTow flow rates and steam generator wide range level indication may not
be accurate under abnomal containment conditions.
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Step 12
The operator should continue attempts to establish flow to the steam
jenerators until secondary heat sink starts to degyrade, as indicated by
increazing RCS pressure and RCS wide range or rore exit themnocouple
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 determine
if secondary heat sink is still effective. If secondary heat removal is
not effective, as indicated by increasing RCS pressure and increasing
RCS wide range or core exit thermocouple temperatures, the operator
continues to step 13 to establish RCS bleed and feed heat remov: .. If
secondary heat removal is still effective, as indicated by stable or
jecreasing RCS pressure or stable or decreasing RLS wide range or core
exit thermocoup temperatures, the operator returns to step 1 to
continue attempts to restore flow to the steam generators.
Step 1 through step 12 form a 1oop in which tha cperator attempts to
restore flow to steam generators until either secondary heat sink is

step 12), secondary heat

low is established to

secondary heat sink (i.2 steps 3,

Cnce the operator detects that secondary heat sink is lost, RCS bleed
and feed must be established within several minutes to prevent or mini-
nize core uncovery. The caution before step 13 alerts the operator that
steps 13 thiough 17 must pe performed 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

Rey: HP=-Basic




containment is isolated to confine reactor coolant releases resulting
from RCS bleed flow. If SI is no: initiated, the operator should manu-

ally initiate SI and implement steps 5 through 15 of guideline £-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 pefore establishing the RCS bleed path. For the feed
path to be effective, the operator should ensure that the charging/SI
valves are properly aligned and at least one charging/SI pump is run-
ning. The operator should manually aligns valves and start pumps, if
necessary, to establish an effective RCS feed path.

Although only one charging/S! pump is required tc 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.
This will maximize RCS bleed and feed heat removal effectiveness. If no
charging/S1 pump is running, the operator should not open pressurizer
PORVs to establish an RCS bleed path since a severe core uncovery will
result.

This caution alerts the operator to not establish an RCS bleed path in
step 15 unless an effective RCS feed path is established in step 14. A
severe core uncovery will result if RCS bleed is established without
effective RCS feed.

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

FR=H.]
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is restored. The operator should verify that the pressurizer PORVs do
not automatically close following release of the control board
switches. If the pressurizer PORVS do automatirally close due to a
spring return to auto switch, the operator should manualiy maintain the
control board switches in the open position.

Once the pressurizer PORVs are open, the RCS will depressurize and the
~harging/SI pumps will deliver subcooled flow to the RCS. This will
provide adequate RCS heat remcval until flow can be established to the
team generators to restore secondary heat sink. The operator may
ovserve increasing pressurizer level after the pressurizer PORYs are
opened. Eventually the pressurizer may become water solid and water
relief will occur through the pressurizer PORYs.

tep 16
After manually opening the pressurizer PORVs, the operator should check
that at least two pressurizer PORYs are maintained in the open posi-
tion. This condition can be checked by observing the valve position
indicators on the main con oard. I[f at least two valves are

~ T " < ” -~ L PN 18 - 1A . - g K] nrfe
1aintained open, sufficient RCS ed flow exists to permit RCS heat

removal. The operator proceeds to step 14.

[f at Teast two pressurizer PORVs are not maintained open, the RCS will

not depr9254r1ze sufficiently to permm‘t adequate feed of subcooled SI
flew to remove core decay heat. If core decay heat exceeds RCS bleed
and feed heat removal capabilitly, the RCS will repressurize rapidly
further reducing the fecd 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 core dncove.y, the operator should start an RCP, if cne is not

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




one in an intact loop, if possible, to maximize any remaining

eat removal capability. The operator should then
e

steam generater PORY for at least one intact steam
depressurize that steam generator(s) te atmospheric
steam generator(s) depressurizes the operator shou!
pressure water source to the depressurized steas
secondary heat removal.

As the steam generator(s) is being depressurized tc atmospheric
pressure, RCS inventory depletion will exist out of the single
pressurizer PORY or the pressurizer safety valves. The operator should
go to stap 18 to prepare for switchover to cold leg recirculation.
Plants should augment this step with operator training as to the plant-
specific means to depressurize an 2lign a low pressure water source
fire water or service water) to a steam generator.

So %
Step 1/

operatcr will stop all RCPs in step 17. The caution before step 17

rts the operator to maintain seal injection flow to all RCPs. Seal

ection flow is required to the RCPs even when they are stopped in
order to'protect the RCP seals.

Step 17

The operator should maintain adequate RCS bleed and feed heat removal
established in step 16. A1l RCPs should be stopped to reduce the core
mixture level and maximize the void fraction of the RCS hot leg reactor
coolant flow intc the pressurizer. This results in mazimizing the
energy per unit mass being released through the pressurizer PORVs.
Stepping all RCPs also eliminates the addition of pump heat to the RCS
inventory.

FR=H.
54278:1




.aution before Step 18

This caution alerts the operator that the SI system must be aligned %o
1¢ leg recirculation if RAST level reacies the appropriate setpof
it precedes Step 18 which directs the operator to prepare for switchover

- *innm
rediasion.

RCS inventory is being releascd to containment to remove core decay heat

energy. If RCS bleed and feed is established, RCS inventory is being
released through the npressurizer PORVs. [f RCS bleed and feed is not

. e

estadlished, 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 continy-

ing attempts to restore secondary heat sink.

ahile maintaining RCS bleed and feed iieat removal, the operator should

continue attempts to restore secondary heat sink.

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. DQOecreasing 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.




Step 2]

Cecreasing RCS temperatures indicate the operator should check for an

sdequate secondary heat sink in preparation for terminating RCS bleed
and feed. An adequate secondary heat sink 1s required to ensure that
RCS heat removal can be maintained following RCS bleed and feed termina-
tion. Premature termination will result in incrolsing RCS temperatures
and operator action to reopen the pressurizer PORVs to reestablish RCS
bleed and feed. An adequate secondavy heat sink minimizes tie poten-

tial for cycling of the pressurizer PORVs.

In order %0 terminate RCS bleed and feed heat removal, the operator must
ensure that narrow range level (i.e. levei just in span including allow-
ances for normal channel accuracy, post-accident transmitter errors and
reference leg procesc errors) has been restored to at least one intact
team gerierator and that RCS subcooling (i.e. the sum of temperature and
Pressure measurement system errors transiated into subcooling) nas been
These two conditions indicate that the secondary heat sink is
uate 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 !

The operator should isolatz the RCS bleed path after an adequate secon-
dary heat sink is obtained. Prior to closing the pressurizer PORVs the
operator should record the core exit thermocouple temperature to estab-
1ish a baseline for comparison with core exit temperature following
pressurizer PORY closure. The oya2rator should then close all pressur-
izer PORYs,” 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 confirmed and the operator proceads to step 23 to

Rev: HP-Basic




terminate the RCS feed path. If temperatures increase by more than
15°F, an adequate secondary heat sink does not exist. The operator
should then reopen all pressurizer PORVs and go to step 19 to continue
attempts to establish an adequate secondary heat sink.

Note Before Step 23

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-%.1 requires
unique operator actions (e.g. opening a pressurizer PORV to release
reactor coolant to contaimment 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 informs the operator that it may be necessary to modify the
subsequent diagnostic and recovery guidance to account for plant
cunditions resulting from these unique operator actions that potentially
result in symptoms of a loss of reacter coolant or loss of secondary
coolant.

The operagor has restored secondary heat removal capability and temmin-

1ted RCS bleed and feed heat removal. The challenge to the Heat Sink
critical safty function has been mitigated and the operator shouid
return to the optimal recovery guidelines to complete plant recovery.
teps 23 and 24 provide SI termination criteria which determine the
cptimal recovery guideline to which the operator should go to complete
plant recovery. If the criteria in step 23 are satisfied, the cperator
goes to guideline £S-2.1 to terminate SI. This SI termmination guideline
is utilized since its SI reinitiation criteria are consistent with the
5] termination criteria in guideline 7R-H.1. If tre criteria in step 23
are not satisfied, the operator maintains SI running and goes to
guideline E-0 to diagnose the plant condition.




FR - H.1 RESPONSE TO LOSS OF SECONDARY HEAT SINK

FR-H.1 PAGE 1
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