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DISCUSSION OF SELECTED TRANSIENTS

INTRODUCTION

To develop the ATOG approach to integrated plant transient control six

initiating events were studied. The results of these studies are given as

examples:
1. Excessive Main Feedwater
2. Loss of Main Feedwater
3. Steam Generator Tube Rupture
4, Loss of Offsite Power

5. Small Steam Leak

6. Loss of Coolant Accident

These events show how the procedures of Part I are  applied to specific
transients and they amplify the general guidance given by the first volume
of Part II. After rev{eﬁing these individual transients in detail, the
operator should be able to see that regardless of (1) the initial event,
or (2) whether or not he can immediately identify the initial event, or
(3) how many additiomal failures occur, he can keep the core and the plant

in a safe condition by following Part I of these guidelines.

Each appendix discusses the plant design response to its initiating event
and, 1if available, gives an example of an actual transient. The
discussion points out what operator actions are required and how Part I

directs the operator to those actions.

DATE:
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Next is a review of the initial event compounded with other equipment
failures. These are generally broken down into the failures of the
fundamental methods of heat transfer control that are important to that
evenf. Again the appropriate operator action for that particular se-
quence of failures are given. Part I is referenced so that the operator

can see how the basic procedure covers many multiple failures.

Each appendix contains a logic diagram which is a summary sheet for the
traﬁsient being discussed. It is a simplified event tree which has been
modified to show how correct operator actionms will influence the outcome
of the transient. The central vertical block diagram is the initiaing
event without additional failures. The failure paths branch out to the
right and the left. The details on the diagram show ideptifying symptoms
including P-T, the corrective actions, and the limits to be considered for
each additional failure that might occur. References are made to the
appropriate parts of Part I and Part II. Nearly every kind of plant con-
dition is covered either in the initiating event path or in the branches.
Even if the initiating event 1is different from the examples, the
principles to be wused are the same, and therefore these examples

illustrate how various other plant conditions can be handled.

Plots of various parameter trends are also provided. The times can only

be approximate because they vary with such things as decay heat, initial
power level and the size of the leak involved. However, they will give

the operator a feel for the timing involved in these transients.

3-23-82 PAGE 5
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The operator should give special attention to the sections on LOCA and
steam generator tube rupture because very detailed information has been

prepared for these two events.

: BWNP-20007 (6-76)
|
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APPENDIX A

EXCESSIVE MAIN FEEDWATER

1.0 GENERAL TRANSIENT DESCRIPTION

Excessive main feedwater is a failure to control secondary inventory.

. It is an overcooling transient that results in too much primary to

secondary heat transfer.’

Excessive main feedwater is defined as the sustained addition of more
water to the steam generator than can be boiled off by the available
core heat to make superheated steam. This mismatch between heat
‘ source and heat sink will cause the steam generator level to ;ise and
will cool the reactor coolant down. The severity and rapidity of the
transient will vary with the size of the mismatch. Under worst case
conditions (i.e., maximum niismatcﬁ and failure of the automatic MFW
pump trip on high SG level) the excessive main feedwater flow must bé
terminated within two minutes to prevent water spillage into the

steam lines. Thus, this 1is a transient that may require fast
‘ operator action.

As the reactor coolant temperature decreases, the RCS water volume

will shrink, dropping pressurizer level. This in turn causes RCS
pressure to drop. In the secondary side, while at power, the
excessive feedwater will cause a loss of superheat and may cause a

‘ slight reduction of steam pressure. A reactor trip may occur

JATE : 3-23-82 Appendix A, Page A-1l
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on low pressure or high flux. If a trip occurs and the excessive
feedwater continues, the mismatch will be much larger (less core
heat) and the steam generator fill rate and RCS cooldown rate will
increase. If the shrinkage of the RCS water volume is sufficient to
drain the pressurizer, the RCS will approach saturation conditions ‘
and ES will occur. A loss of subcooling margin will require that the
RC pumps be tripped and MFW be directed to the upper nozzles or EFW
be started. MFW or EFW will automatically raise SG levels to 50% and
this additional FW flow will make the overcooling of the primary
system worse. However, FW flow can be throttled to obtain a gradual
increase in SG level and thereby limit the overcooling. If the loss
of subcooling margin is caused only by the overcooling it will be .
temporary. When the subcooling margin is restored HPI can be

throttied and RC pumps can be restarted.

If the excessive addition of feedwater to the steam generator is not
stopped, water will spill into the steam lines. The ability of the
steam system to maintain its integrity with water spillage is not

known; therefore, it is very important that the excessive feedwater ‘
transient is terminated before spillage occurs. In addition, it is
‘hig"nly desirable to stop the RCS cooldown before the pressurizer 1is
drained and ES actuates. This will significantly reduce the
magnitude of the transient and number of operator actions required,

as well as limit challenges of protection systems and allow for

quicker recovery to stable plant conditions.

Appendix A, Page A-2
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In general, main feedwater overfeed can happen in three ways:

1. A failure of the Feedwater Control System to run back after
reactor trip.

2. An operator error of feedwater control w:ile in manual.

3. Equipment failure when the plant is in automatic operation.

Excessive feedwater can occur at any time the main feedwater system
is in operation. The plant may be tripped or at power. The steam
generator will fill at different rates depending on what the plant
power level is when the high flow begins. The rate of fill of the
generator will be greater when the reactor is at low power (or trip-
ped) than at high power. The overcooling effects on the reactor
coolant system will be gfeater at low power. The reasons are that at
low power less core heat exists to boil off the additional feedwater
and the feedwater system (valves and pumps) has a lot of capacity
left to overmatch the low reactor power. At full load, the valves
and pumps are near full capacity and cannot open much. more to

increase feed flow.

Because the effects of excessive feedwater are different across the
power range and because it can be caused by different failures, the
rate of the Reactor Coolant System response will be different depend-
ing on what has happened. But all excessive feedwater additions will

look similar.

JATE :
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The P-T diagram and sequence of events shown in Figure A-1 depict a
typical main feedwater transient that is terminated by the ICS before
water enters the steam lines or the pressurizer is drained. The tran-

sient shown is also applicable if terminated early by the operator.

The P-T diagram and sequence of events shown in Figure A-2 depict an
excessive main feedwater transient that is not terminated before
water enters the steamlines or before the pressurizer is drained.
The tranient is initiated by a reactor trip from 1002 power with a

failure of feedwater to runmback on the A steam generator.

Several important points should be noted regarding this transient:

= The affected steam generator can fill very rapidly, in this case
three minutes after the reactor trip. Thus, if the fa‘ilure caus-
ing the excessivé feedwater condition is_not corrected by the ICS
the operator has little time available to prevent spillage into
the. steam lines. The high OTSG level trip of the MFW pumps pro-
vides backup to the ICS runback of MFW. However, due to the
rapid nature of this transient and the potentially severe conse-
quences, the operator should not rely on this trip. For this
case the automatic trip was assumed to fail.

- The operator is required to trip the RC pumps and raise OTSG
levels to 952 on the operate range if the subcooling margin is

lost. The additional cooling worsens the transient.

DATE:  3-23-82 Appendix A, Page A-4
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However, the operator should throttle FW flow to obtain a gradual
level increase. (See Part II, Chapter E, "Best Methods for Equip-
ment Operation".)

- Excessive MFW flow to OTSG A was allowed to continue for almost
three minutes after the steam generator was full. Thus a signifi- |
cant quantity of water was spilled into the steam lines with the
potential for severe consequences. Since the consequences are
not known, this discussion does not describe those effects.

- Even though the operator started HPI early in the transient, the
HPI flow was not sufficient to overcome the shrinkage due to the
cooldown and the pressurizer was drained.

- Once the overcooling transient has been terminated, the RCS will
reheat and the water volurn: ‘1. Since a largé quantity
of cold HPI water was added to the RCS, the operator must act to
prevent the pressurizer from going solid. This will be discussed

in more detail later.

Actual Plant Excessive Feedwater

On 3/18/77, an exces;ive feedwater transient occurred at an operating
plant. The transient was not serious and the plant ended in a good
condition because the operator recognized what was going on and took
control quickly and the excessive feedwater was terminated automatic-
ally by the ICS after reactor trip. The steam generator did not fill

and spill water into the steam lines; that is the most impottant

)JATE : 3-23-82 f Appendix A, Page A-5
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limit for this transient. The operator also turned HPI on and
prevented the pressurizer from draining and that is another important
limit. Because the cooldown was stopped early in this transient, the
operator did not have to take fast action to prevent filling the
" pressurizer solid due to reactor coolant reheating. After trip, the .

HFI flow was throttled.

The plant was operating at 752 in a power escalation sequence. Be-
cause of the power escalation sequence, the overpower trip setpoint
was set at 85%. The overfeeding started because main feedwater pump

"A" failed and went to full speed.

The plant data shows main feedwater abruptly increasing to full flow
on generator "A" and, within about 30 to 45 seconds, its affects
appzar in other parameters: "A" generator level goes up, T,y drops
(because of the increased heat transfer), pressurizer level drops
{because of shrinkage due to lowered Tav), and RC pressure lowers
{because of the lowered pressurizer level). These parameters are
showa in Figures A-3 and A-4. When T,, began to drop, the ICS pulled ‘
rods to try and keep temperature steady. The operator sensed the
change in plant conditions almost immediately and quickly diagnosed

the problem and took the appropriate action. He tried to cut back

fered flow. He did this by manually reducing the feedwater demand;

this did not work (more about this later).

DATE: 3-23-82 Appendix A, Page A-6
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He then put rod control into manual to try to raise T,,, and he

also started HPI to stabilize the pressurizer level. The reactor

then tripped at 85% power because of the low overpower trip set-
ting. When the reactor tripped, the ICS switched into track and
controlled the feedwater on level; because of the high steam
generator level, the "A" main feedwater valve closed stopping the
transient (the "A" start-up flow also closed down) and the "B"
generator startup and main valves controlled to maintain the OTSG
level after trip. When the plant tripped, the large inventory of
cold water in the "A" generator cooled down the reactor coolant
considerably (illustrating the effect on core heat removal due to
the boil off of the extra inventory in the generator). The re-
actor~-steam generator heat transfer interplay is shown well by
this example. After the trip, the reactor pressure increased and

the pressurizer level increased; this is largely due to HPI.

A look at steam pressure (Figure A-4) shows a very slight re-
duction (before trip) because of the cooling and condensing
effect of the excessive feedwater on the steam in the genarator.
This 1illustrates the magnitude of steam pressure loss to be
expected because of excessive feedwater; a greater loss would
indicate an additional failure that the operator would hsve to
correct. The reason "A" pressure is lower than "B" after trip is
mostly because of one mis-set safety valve; the water in the gen-

erator would have some pressure reduction effect, but it would be

JATE :

3-23-82 .
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small. The lower steam pressure did have some effect on overcooling,

but because it was only about 100 psi low, the effect was small.

This steam pressure loss was mostly an inconvenience; if it had been

greater (about 200 psi), the pressurizer could have drained.

When the transient was over, the "A" steam generator was about half
full. It took about two minutes to increase the level about 200
inches; most of the filling took place before trip when a high
reactor power (75% to 85%) was available to boil the water off. The
steam generator level increase was about 150" during this time (or
about 3/4 of the total increase). If the main feedwater failure had

occurred after trip, the rate of level rise would have been much

faster. Excessive feedwater is probably the one transient the

oparatsar must react to faster than any other transient. The steam

zenerator can fill and water can spill into the steam lines in as
little as 3 to 4 minutes (after trip). The operator must act fast to
stop feedwater and the equipment he chooses to use is important. He
ghould understand that the equipment he elects to use may be the
component that failed causing excessive feedwater and therefore may
not respond. Thus he must be prepared to switch to an alternate

device if necessary to terminate feed flow.

DATE:
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When the operator tried to correct this transient, he made the right

choice of action: cut back feedwater. But the equipment he used did

not respond. He used the ICS feedwater demand to try to run back the
feed pump and valves. A post trip review showed that the feedpump
controller had failed. It was essentially dead, and no signal would
Q have made it respond. Excessive main feedwater is a complex accident
which can be caused by about 20 different equipment failures (opera-
tor error with the feedwater control in manual can also happen). The
ICS can have several failures. The accident can be too fast to try
to figure out what failure has occurred. Therefore, the best way to
correct a very fast overfill is to use the direct controls to trip ..
0 both main feedwater pumps. Adequate time will be available to regain

MFW or EFW to at least one SG.

Tripping both MFW pumps is the fastest method to stop excessive MFW
flow and should prevent water entering the steam lines for even the
most severe MFW transient. However, for much slower fill rates, or
if a pump should fail to trip, the operator should isolate feedwater
‘ to the SG with the hi.gh, increasing level by closing the MFW control

valves.

The following figures show actual plant data from the above trans-
ient. Note the large disparity between 1levels and feedwater flow-
rates for the two steam generators. This magnitude of mismatch

‘ should, and did, facilitate rapid recognition and response by the

operator.

DATE: 3-23-82 Appendix A, Page A-9
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2.0 OPERATOR ACTIONS SUMMARY

Immediate Actions

- Attempt to close feedline control valves if the overfill

is slow and the affected generator is obvious.

- Trip running MFW pumps to stop fast overfills.

- Start EFW and verify operation; control EFW to limit

overcooling.

- Start HPI if pressurizer level is less than 50" and RCS

pressure is decreasing.

- Follow remainder of Part I, Section IILI.C.

Identifying Symptoms

-~ Excessive feedwater is an overcooling transient as shown below:

2500
" 2400 -
= . POST TRIP
- 20 WINDOW \
puie Z|
2 2000
P SUBCOOLED
s 1800 I~ RegioN SUPERHEAT
E 1800 - REGION
E 1400 } ,
- !
= 1200 STEAM PRESSURE
= END POINT-POST TRIP WITH FORCED
3 s FOR NATURAL CIRCULATION (Tgg o)
E NORNAL OPERATING POINT-POWER
s 600 [ OPERATION (Tyop)
! T TIEND POINT-POST TRIP
a0 | | SUBCOOLED P : WiTH
MARGIN LINE — -~ NATURAL CIRCULATION ‘THOT)
L il L L 1
400 450 500 550 600 650 100
Reactor Caclant And Steam Outiet Temperature-F
Figure A-5. TYPICAL EXCESSIVE FEEDWATER TRANSIENT
DATE: 3-23-82 Appendix A, Page A-10
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- Other identifying symptoms to distinguish excessive
feedwater from other overcooling transients are:
- High steam generator level

- High main feedwater flowrate

NOTE: Rapid excessive feedwater transients, e.g., large MFW flowrate
after reactor trip, will result in the pressurizer being in a
near-drained condition by the time Tj/pressure exceed the
post-trip window. Drainage and RCS saturation will occur very
soon after the post-trip window boundaries are exceeded
(dotted path in Figure A-5) and water will enter the steam
lines. Therefore, it 1s very important that the operator
recognize the overcooling transient before the window
boundaries are exceeded by checking MFW flowrates and SG
levels. He should discover that excessive feedwater is in
progress in Step 5.0 of Part I, Section II, "Vital System

Status Verification".

The previous section disc;ssed three of the many possible examples for
excessive main feedwater transients. However, it can be seen from that
discussion that the primary transient of concern is the rapid filling of a
steam generator that is not automatically terminated early by the ICS run-
back or high level trip of the MFW pumps. Such a transient requires rapid

response by the operator. In addition, the operator must exercise caut ion

DATE:

3-23-82. Appendix A, Pagé A-1]



BWNP-20007 (6-76)

BABCOCK & WILCOX NUMBER

NUCLEAR POWER GENERATION DIVISION

TECHNICAL DOCUMENT 76-1123298-00 ‘

whenever feedwater is in manual control to prevent large feedwater mis-
matches from developing. Historically, oversights while in manual control
have been a significant contributor to the frequency of excessive

feedwater transients.

This section will discuss how operator actions in accordance with Part I ‘
will terminate the overcooling transient and provide recovery to stable
shutdown conditions. The assumed transient will be the same as that used
for the second transient discussed in the previous section. A reactor

trip occurs (for whatever reasons) and the MFP's run back to the low speed

stop. However, the main feedwater valve for the "A" steam generator
sticks partially open and thus allows a continuous excessive feedwater
flow to that generator on the order of 8,000 gpm. This transient was ‘

— 'seiected because the ICS will not correct the excessive feedwater addition
~ (assuming failure of the high level trip) and the "B" MFP will provide
flow to the "A" steam generator longer if uncorrected since water in the

"A" side steam lines will not affect operation of the "B" MFP turbine.

After performing the immediate actions of Part I, Section I, the operator ‘
will verify vital system status in accordance with Section II. Step 5.0
of Section II requires the operator to verify that feedwater has runback.
He should check steam generator levels and feedwater flow rates and note
that level and flow for the OTSG "A" are high. The corrective action
noted is to .trip the running feedwater pumps and start and verify proper
operation of the EFW system. These actions will terminate the excessive .

feedwater and return the plant to stable conditionms.

DATE : 3-23-82 Appendix A, Page A-12
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However, for illustrative purposes it is assumed the operator fails t'o
note the abnormal conditions at this time. Step 10.0 of Section II re-
quires the operator to verify that primary to secondary heat transfer is
not excessive. The operator should note by RCS response on the P-T
diagram that an overcooling transient is in progress (see Chapter C in
’ Volume 1 of Part II) and therefore primary to secondary heat transfer is
excessive. He does not need to concern himself at this time whether the
overcooling is due to excessive feedwater or loss of st"eam pressure

control. The procedure directs him to Section III.C of Part I.

Step 1.0 of IILI.C requires the operator to start HPI if pressurizer level
goes below 50" and RCS pressure is decreasing. While full HPI flow will
. not maintain pressurizer level during this magnitude of shrinkage due to
overcooling, it will .slow down the rate of pressurizer level decrease and
provide additional time for the operator to terminate the overcooling

transient before the pressurizer drains (see Figure A-6).

If it is obvious which steam generator is the cause of overcooling, the
‘ operator will isolate that steam generator and terminate the transient.
He can then restore feedwater to the isolated steam generator while
controlling DH removal with the unaffected steam generator. The affected
steam generator may be obvious by observing MFW flowrates and SG levels.
In addition, if the overcooling is severe, T.,1q in the affected loop may
be significantly lower than T.514 in the unaffected loop, thus aiding the

‘ detection of the affected steam generator.

JATE : -23- i
3-23-82 Appendix A, Page A-13
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If it is not obvious which steam generator is causing the overcooling, the
operator will isolate both SG's and monitor levels and pressures to deter-

mine the affected SG.

In this case, OTSG "A" level is high indicating excessive feedwater had
occurred, therefore, the operator will restore FW and controlled primary .
to secondary heat transfer. Maintaining RCS temperature at the present
value by lowering the TBS setpoint will prevent filling the pressurizer
solid due to RCS reheating and swell. This is especially important since
RCS inventory has been increased due to HPI. However, HPI is still in
progress and must be throttled or stopped when the subcooling margin 1is

restored. Establishing FW flow to maintain OTSG levels will restore

stable primary to secondary heat transfer. .

If the operator follows the guidelines in an expeditious manner and per-
forms the actions such that MFW is isolated within two to three minutes
following reactor trip, he will probably prevent water entering the steam
lines and drainage of the pressurizer. In fact, the RCS will probably stay
within the post trip window and recovery to stable shutdown conditions can ‘
be quickly achieved. If, however, the cooldown is allowed to continue to
the point of pressurizer drainage, the RCS will approach saturation condi-

tions and further operator actions and precautions are in order.

When the subcooling margin is lost the operator will trip the RC pumps,
verify MFW transfers to the upper nozzles, and begin to raise SG levels. .

For this particular transient these actions will worsen the overcooling by

DATE: 3-23-82 Appendix A, Page A-14
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removing pump heat input and spraying FW into thé steam space (decreasing
the heat source and increasing the heat sink). However, the operator
should immediately throttle FW flow to obtain a steady, gradual increase
in SG level thus minimizing the overcooling due to FW. (See "Best Methods

for Equipment Operation" in Volume 1 of Part 1I, Chapter E).

l With FW throttled steam pressure should not decrease significantly. How
ever, by this time the operator should recognize the overcooling transi-
ent. He will follow Section III.C of Part I and, in Step 14.0, terminate

the excessive MFW.

With the overcooling transient terminated, HPI flow will overcome the

. shrinkage of the RCS and rapidly recover RCS pressure and pressurizer
level. The operator must again respond to prevent HPI refill, and reactor
coolant swelling due to reheating, from filling the pressurizer. He
should perform the following actions:

- Lower the TBS setpoint to a value near the corresponding satu-
ration pressure for the existing cold leg temperature. This will
limit RCS heatup and thus limit the resultant swell of the RCS

‘ inventory.

- Throttle HPI as soon as the subcooling margin is regained. ‘This
action will reduce the injection rate and allow a more gradual,
stable recovery of pressurizer level. Throttling should be
accomplished by using one HPI pump (preferably the normal makeup

pump) and one injection line (preferably the normal makeup nozzle

‘ with the thermal sleeve).

JATE : 3-23-82 App:ndix A, Page Afls
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- When pressurizer level returns on-scale low (with the RCS above
the subcooled margin) and is increasing above 100" the operator
should terminate HPI and realign for normal makeup/letdown

operation.

~ 1If desired, the operator can return the plant to normal post-trip
conditions by gradually increasing the TBS setpoint and regu-
lating RCS pressure with makeup and pressurizer heaters. He

should also restart RCP's once the subcooling margin is restored.
g g

The excessive feedwater transients discussed herein all involve a reactor
trip. If a feedwater excursion occurs while at power that does not result
in‘an automatic reactor trip, the operator should attempt to locate the
failure causing excessive feedwater and correct it while at power if possi-
ble. A manual reactor trip at this time would result in a much larger
mismatch between heat source and heat sink and thus make the transient

more severe..

3.0 EXCESSIVE MAIN FEEDWATER WITH OTHER PLANT FAILURES

Introduction

The previous section described excessive main feedwater in general,
but did not discuss other failures that might also happen at the
same time. This section will show what symptoms to look for when
otﬁer equipment fails and will show what steps the operator should

take to restore the heat transfer from the core to the steam genera-

tors. The event that was chosen for simulation starts with the
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reactor at 100% power; a failure in feedwater system allows main

feed to run away in one generator; automatic ICS corrective action
to control main feedwater does not happen; the plant is tripped
automatically on high flux or low pressure, and excessive feedwater

continues. All the data that is shown starts from the time of plant

’ trip.

Remember that all feedwater transients will not start from high
power. They may look different than the examples used. The reason
for these examples is to provide understanding, so close study of

the effects is required.

. Branch Discussion

Figure A-7 has separate failure branches for loss of reactor inven-

tory control (high and low), loss of secondary inventory control
| (high and low), aﬁd loss of secondary pressure control. Significant
| failures in RC pressure control, such as those due to overcooling or
| excessive HPI, are adequately covered by these branches; therefore,
‘ separate branches specifically for loss of RC pressure control are

not shown. Minor failures, such as loss of pressurizer heaters, are

discuss each of these additional failure branches and illustrate how
operator actions in accordance with the procedures in Part 1 and
with the "Best Methods for Equipment Operation" in Volume 1 of Part
‘ 1I, Chapter E, will restore proper control of the parameter in

question.

|

\

discussed at the end of the main transient path. This section will
\

|

|

\

|
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These branches are structured to address the particular function
failure in question even though the excessive feedwater transient
may still be in progress. However, since some additional failures
result in further overcooling of the RCS, actions to correct such
failures may also correct the excessive feedwater condition. In any
case, it should be understood that Figure A-7 and this discussion ‘
are provided as tools to promote familiarity with expected plant
responses. Another valuable tool to facilitate operator recognition
and identification of overcooling transients is Figure 22, "Over-
cooling Diagnosis Chart," in Volume 1 of Part II, Chapter C. The

operator should become familiar with this chart.

Figure A-6 is provided to show key distinguishing parameters for ex-
cessive main feedwater that have a time dependency important to the
operator in identifying both the type and severity of transient.
The parameter plots show typical responses to a large excessive main
feedwater transient. Arrows, where used, show the effect of other

failures and operator actions on the time relationship.

One item of particular note on Figure A-6 is the effect of large ex-
cessive feedwater transients on steam pressure in the unaffected
generator. The pressure is reduced because the primary system has
been cooled so rapidly that the unaffected SG becomes, temporarily,

a heat source and loses heat (and thus pressure) to the primary

system. ‘
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Loss of Reactor Coolant Inventory Control (High)

A loss of reactor coolant inventory control (high) exists whenever
makeup or HPI flows are excessive causing the pressurizer to fill
and overpressurizing the RCS for the existing plant conditions.
. Severe excessive feedwater transients involving large mismatches
between feed flow and primary heat input will result in RCS
cooldowns and shrinkages that cannot be compensated for by full HPI
flow. Thus, while the excessive feedwater transient is in progress,
pressurizer level will continue to drop, although full HPI flow will
slow the rate of level drop. This can be seen in Figure A-6 where -
manual initiation of HPI early in the transients (before automatic
. initiation by ES) shifts the curves for RCS pressure and pressurizer
level to the right, i.e., more time is available before pressurizer
drainage occurs. However, for smaller feedwater transients, and
when the excessive feedwater has been terminated, full HPI flow will

more than compensate for the coolant shrinkage and result in a rapid

increase in pressurizer level and RCS pressure. Rapid operator
response will be  required to prevent a solid pressurizer and RCS
‘ overpressurization.

The operator should perform the following actions to restore proper
RCS inventory and pressure control:
1) Throttle HPI as soon as the subcooled margin is restored and

RCS pressure is increasing. Throttling should be accom-

‘ plished using one HPI pump (preferably the normal makeup
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2)

3)

NOTE:

pump) and one injection line (preferably the one utilizing
the normal makeup nozzle with the thermal sleeve).

If the RCS is reheating and thus swelling, lower the TBS
setpoint to a value near the corresponding saturation
pressure for the existing cold leg temperature. This will
stop the RCS heatup and swell. If desired, the operator
can then gradually increase the setpoint to allow a gradual
heatup while controlling pressurizer level.

When pressurizer level returns on-scale low (with the RCS
above the subcooled margin) and is increasing, the operator
should terminate HPI and realign for normal makeup/letdown
operation.

Throughout Part I the operator is required to throttle HPI
as soon as the subcooling margin is restored and to reduce
TBS setpoints to maintain RC temperature. Thus, adhering
to these guidelines will prevent a loss of RCS inventory
control. This is discussed in more detail in Volume 1 of

Part II, Chapter E, '"Best Methods for Equipment Operation."

Loss of Reactor Coolant Inventory Control (Low)

A loss of reactor coolant inventory control (low) exists whenever

makeup or HPI flow is insufficient to overcome a primary leak rate

or the coolant contraction rate, resulting in drainage of the pres-

surizer.

As stated previously, full HPI flow will be insufficient

to maintain pressurizer level during severe excessive main
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feedwater transients, but will rapidly refill and repressurize the

RCS once the overcooling is terminated.

Too little makeup or HPI flow, while undesirable, is not a major
concern for this particular transient. If the overcooling is
’ terminated before the pressurizer empties, the RCS will reheat and
the resultant swell will restore pressurizer level. -If the over-
cooling continues, ES will actuate and HPI will initiate. It is
extremely unlikely that at least onme HPI pump will not start; how-
ever, should that occur the RCS will lose subcooling margin. The

operator will trip the RC pumps.

Control of FW to attain and maintain 95% level on the operate range
will provide adequate core cooling while the problem with HPI is
being corrected. The operator should throttle the FW flowrate to

obtain gradual SG level increases and limit further overcooling.

Following the actions specified in III.A of Part I will restore

. primary system inven'tory control and subcooled margin.

Loss of Secondary Inventory Control (High)

A loss of secondary inventory control (high) exists whenever
significantly more feedwater (main or emergency) is being injected

into one or both steam generators than is required by existing
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plant conditions. It is an overcooling transient and is very

similar to the main initiating event covered in this section

(excessive main feedwater). However, there are  basic

differences in definition and plant response.

Exceséive main feedwater was defined in Section 1.0 of this .
Appendix as basically supplying more feedwater than could be
boiled off to make superheated steam. The definition for
excessive emergency feedwater (or excessive MFW after reactor
trip) must differ slightly in that 1) the steam generator is at
saturation conditions and 2) more importantly, whenever the
natural circulation setpoint is in effect, EFW (or MFW) will .
provide more flow than can be boiled off in order to raise SG
levels to the appropriate setpoint. However, the rate at which
FW builds SG levels can be excessive and overcool the primary

system.

In addition, excessive  emergency feedwater will cause
depressurization of the affected SG to a larger extent than .
excessive main feedwater. This is due primarily to the
increased condensing action introduced by spraying colder EFW in

near the top of the tube bundle (into the steam space).

Thus, even when the EFW (or MFW) system performs as designed, it

1 can cause overcooling of the primary system, particularly when ‘
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achieving the natural circulation level setpoint (20 ft) with

low decay heat. Therefore, the operator should throttle FW to

obtain a gradual increase in SG levels and to maintain SG
pressures. This will minimize the overcooling effects on the
primary system. This action should only be required when the
. natural circulation setpoint is in effect since EFW or MFW
cannot cause significant overcooling while attaining the low
level setpoint for forced circulation. It should also be noted
that automatic level control of EFW flow will only occur if the
motor-driven pumps receive an automatic start signal. Manual

initiation of EFW will require manual flow control.

‘ Should EFW or MFW flow control fail, the operator 'should
recognize the overcooling as well as high FW flow and SG level
higher than the appropriate setpoint. Following the actions in
Part I, Section III.C for excessive primary to secondary heat
transfer will terminate the excessive FW. III.C requires the
operator to close the EFW regulating valves and to isolate MFW.
‘ The operator should not restore FW to the generator with high
level until the failure causing excessive FW has been identified
and corrected. Restoration of FW to the 'good" generator will
provide DH removal. The operator should align the EFW or MFW
system to allow feeding of the good generator with both EFW or

both MFW pumps for reliability while FW is being corrected and

‘ restored to the affected SG.
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Figure A-6 shows the impact of excessive main feedwater over-
cooling compounded by overcooling due to excessive EFW. The
curves for RCS pressure and pressurizer level will shift to the
left, i.e., pressure reduction and drainage of the pressurizer

will occur faster.

Loss of Secondary Inventory Control (Low)

A loss of secondary inventory control (low) exists whenever too
little feedwater 1is being supplied to the steam generators
resulting in too little primary to secondary heat transfer and
overheating of the RCS. This 1is an unlikely event since the
initial condition was excessive main feedwater with too much
primary to second;ry heat transfer. In any case, should a total
loss of both main and emergency feedwater subsequently occur, the
operator'will have more time available for corrective actions due
to initial SG inventory increase caused by the excessive main
feedwater transient. A detailed discussion is provided in Appendix

B, "Loss of Main Feedwater".

Loss of Steam Pressure Control

A loss of steam pressure control exists whenever one or both steam
generators undergo a pressure reduction significantly below the TBS

reseat setpoint. It is an overcooling transient and will look
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the impact of excessive feedwater overcooling compounded by over-
cooling due to loss of steam pressure control. The curves for RCS
pressure and pressurizer level will shift to the left, i.e., pres-
sure reduction and drainage of the pressurizer will occur faster.
When the overcooling transient is terminated, the operator must
’ react to prevent overpressurization of the RCS and possible viola-

tion of NDT limits.
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the impact of excessive feedwater overcooling compounded by over-
cooling due to loss of steam pressure control. The curves for RCS
pressure and pressurizer level will shift to the left, i.e., pres-
sure reduction and drainage of the pressurizer will occur faster.
When the overcooling transient is terminated, the operator must
react to prevent overpressurization of the RCS and possible viola- ‘

tion of NDT limits.
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Figure A-4. ACTUAL PLANT RESPONSE DURING AN EXCESSIVE MAIN FEEDWATER TRANS IENT
(STEAM GENERATOR PARAMETERS)
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NOTE; EXCESSIYE FEEGWATER CAN OCCUR AND CAUSE A REACTOR TRIP. AS SHOWN WERE, OR CAN DCCUR AS
A RESULT OF A REACTOR TRIP OUE TO FAILURE OF NFV T0 PROPERLY RUNBACK. N EITHER CASE,
THE OPERATOR SHOULO RECOGKIZE EXCESSIVE PRINARY T0 SECONDARY HEAT TRANSFER AND REACT

ACCORGINGLY (ATOG PART I, SECTION 141 C)

FOR THE ‘EXCESSIVE FEEOWATER TRANSIENT INSUFFICIENT WAREUWP DOES NOT
GENERALLY LEAD TO AN UNSAFE CONDITIGN. THE OVERCODLING CAUSED BY
EXCESSIVE FEEDWATER WiLL CONTRACT THE COOLANT; WHEN THE OYERCOOLING
TRANSIENT IS STOPPED THE REACTOR CODLANT WILL HEAT BACK UP AND
RESTORE PRESSURIZER LEVEL, IF LETOOWN 1S NOT SECURED AND MAKEUP IS
LOW THE REACTOR CODLANT SHA(NKAGE WILL ORAIN THE PRESSURIZER AND
ES WILL START WPY. iF THE EXCESSIVE FEEDWATER TAANSIENT
OVERCOOLYNG COMBINES WITH A LOSS OF STEAN PAESSURE (SHOWN ELSEWHERE
ON THIS CHART) THE PRESSURIZER MAY DRAIN BECAUSE Of GREATEM
OYERCOOL ING; ES WILL STAAT WY,

AN UNSAFE CONDITION CAN RESULT IF MAKEUP OR HPI IS LOST OR

STOPPED FOR ANY CASE WHERE BOTH WAIN AND AUXILIARY FEEQWATER ARE
STOPPED. CORE COOLING BY HP1 INJECTION ¥ITH RELVEF THROUGH
PRESSURIZER YALYES (S REQUIRED TO A¥DID CORE WELT.
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IMMEDIATE ACTIONS SUMMARY

- TRIP RUNNING NFR’S START EFT

- START WPI 4F PRESSURIZER LEVEL < BO" AND RCS PRESSURE IS
DECREASING.

REFER 70
- ATOG, PART I, SECTION 11) C FOR PROCEDURE

- ATOS, PART 11, “EXCESS WFY" FOR 015CUSSIOI
DIAGKDSIS CHART® IN “DEAGNOSIS & MITIGATION"

MOVERCOOL ING

EYENT RECOGNITIDN SYMPTONS

- EXCESSIVE FEEDWATER WILL CAUSE OVERCOOL ING AS SHOWN ON P-T CURVE
BELOW

- DPERATOR CHECKS SG LEVELS ANG WFW FLOWRATES T0 DETECT
EXCESSIYE WFW

- 56 STEAM PRESSURES RILL BE NEAR NORWAL 1 NO OTHER FAILURES
EXIST AND BOTH SG°S OVERFED; LF ONLY ONE $G OVERFED,
UNAFFECTED SG WILL LOSE PRESSURE
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- |F EXCESSIYE FEEDWATEA AOBITICN 1S TERMINATED BEFQRE THE
PRESSURIZER EMPTIES AND NO DTHER FAILUAES EXIST, PLAWT ¥ILL
WILL RECOYER AS SKOWN BY ARROW A (NAY SLIGHTLY EXCEED
BOUNDARIES OF POST TRIP WENDOY)

- IF CODLDOWN CONTINUES UNTIL THE PRESSUR(ZER EMPTIES, THE RCS
WILL APPROACH SATURATION (PATH 2); RECOYERY OF
PRESSURVZER LEVEL BY WP WILL RE-ESTAHLISH SUBCOOLED CONDISIONS
CARRON 8); HOWEVER A CODLOOWN OF THIS WAGNITUDE. IF DUE SOLELY
10 EXCESSIVE FEEOWATER, W)LL PROBABLY RESULT (N WATER IK THE
STEAM LINES
NOTE:  THE -TRANSIENTS DEPICTED ON THE P-T CURVE REPRESENT TYPICAL
EXPECTED RESPONSES TD AN EXCESSIVE MFW EVENT. AS SUCH THEY
ARE USEFUL FOR TREND RECOEN)TICN PURPOSES, SLIGHT
DIFFERENCES N PRESSURE VS TEMPERATURE AT A GIVEN POINT IK
THE ACTUAL TRANSIENT MAY OCCUR OUE TO INITIAL CONDITIDNS,
TINE SEQUENCING OF EVENTS, ETC. FOR EXAMPLE. IF KPY (S
STARTED SOOMER WORE RCS INVENTORY IS AVAILABLE ANO A
GREATER COOLDOWN IS REQUIREQD BEFORE THE PRESSURIZER WILL
EMPTY (PATH 2 SHIFTS TO THE LEFT SLIGKTLY).
LINITS (MPORTANT TO THIS EVENT
STOP EXCESSIVE FEEDWATER BEFORE WATER ENTERS STEAW LINES
- STOP OYERCOOLING BEFORE PRESSURIZER DRAINS
- AFTER OVERCOOLING TERMINATED, PREVENT SOLID PRESSURIZER BY.
- THROTTUING HPI AS SOON AS SUBCOOLED WARG(N RESTORED
- REDUCING YBS SETPDINTS T0 VALUE CLDSE 70 SATURATION
PRESSURE FOR EXISTING RC TEMPERATURE TO LIMIT RC HEATUP AND
SWELL

LOSS OF REACTOR INVENTORY CONTROL (HIGH) [T00 MUCH NAKEUP, SEAL INJECTION, WP1, OR NOT ENDUSH LETDOWN]

NOTE: WHILE EXCESSIVE NFW 1S (K PROGRESS, PRESSURIZER LEVEL WILL PROBABLY CONTINUE
T0 DECREASE (OUE TG SHRINKAGE) EVEN WITH FULL HP1 FLOW. HOWEVER, THIS BRANCH
IS SHDWN (N THE EYENT HIGH ACS INVENTORY QCCURS ONCE THE EXCESSIVE MFN TRANSIENT

HAS HEEN STOPPED.

Figure A-7 EXCESSIVE FEEDWATER LOGIC DIAGRAM
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EYENT RECOGHI TAON SYRPTOMS

- FAIRLY RAPJD, STEAOY INCREASE IN RCS PRESSURE

- INCREASING PRESSURIZER LEVEL IF RCS 1S SUBCOOLED
+ HIGH NAKEUP/HP1 FLOWRATE

REFER 70

- ATOG, PART 1, SEETION 1114

CORRECTEVE ACTIONS

- AFTER SUSCODLED WARGIN REGAENED, THROFTLE HPY FLOW TO WAINTAIN
PRESSURIZER LEYEL

- AFTER SUBCOOLED WARGIN REGAINED AND PAESSURIZER LEVEL 1S > BD".
AND RETURN TO NORMAL WAKEUP

- LOWER T8S SETPOINTS TO LIMIT AEHEAT AND SWELL OF RCS INVENTORY,

LINITS INPORTANT TO THIS EVENT

- PREVENT SOLID PRESSURIZER IF RCS SUBCODLED.

- PROYIDE FULL WPI FLOY UNTIL SUBCOOLEO NARGIN REGAINED.
- DD NOT ALLOW SOLID LETOOWN STORAGE

- ATDG, PART 11,"BEST METHODS," "OVERPRESSURE DIAGNOSIS CHART" IN
“D1AGNOSIS & MITIGATEGN" AND "HP| CCNTROL LOGIC" IN “BEST NETHODS". J\

. ENSURE APPROPRIATE WAKEUP PUNP RECIRCULATION FLOW IF HPV IS THRDTTLED.

SUBCOOLING RULE (ATOG PART 11, "SEST
METHODS™) WHEN SUBCOOLING MARGIN REGAINED,
OPERATOR THROTTLES MAKEUP/HPI 1D PREVENT

TO LIMIT REHEAT AND SWELL OF RCS, OPERATOR
LOWERS TBS SETPOINT.

PRESSURIZER FRO¥ GOING SOLFD. IN ADDITION,

P
OPERATOR CONTROLS PRESSURIZER LEVEL
BEFORE 17 GOES SOLIO

YES I HO

STOP WPI l l

RC INVENTORY PORY OR
SAFETIES
CONTROL LIFT 10 RELIEF

WATER

PCRY OR
SAFETIES
AESEAT PROPERLY

TES LY

,___—J

OPERATOR WUST ACT 10 SITGP
PRESSURIZATION DF RCS TO ALLOW
REGAINING PRESSURIZER LEVEL

Loca

0SS OF SECONDARY INVENTORY CONTROL (HIGH)

CONTROL  REPEATED LEFTING OF
PORY AND/QR SAFETIES WILL

EVENTUALLY RESULT IN FAILURE
OF QUENCH TANK RUPTURE DISK.

60 TD ATOG PART |
SECTION 1it. A-
REFER TD ATOG
PART 11 "BACKUP

COOL ING METHOOS"

AUTONATIC LEVEL CONTROL WILL BE IN EFFECT
OKRLY IF THE NOTOR-QRIVEN EFW PUNPS
RECEJVED AN AUTOMATIC START SIGNAL. HANUAL
INITEATION OF EFY REQUIRES MANUAL EFW FLOY
CONTROL. UNDER AUTONATEC CONTRGL FULL EFVW
FLOW WiLL BE PROVIDED UNTIL LEVEL NEARS
THE HIGH LEVEL SETPOINT WHICH WILL CAUSE
FURTHER OVERCOOLING. THE OPERATOR SHOULD
THROTILE EFY FLOY EN ACCORGANCE ¥ITH “BEST
METHODS.* IF EXCESS €FW tS DUE TO
EQUIPMENT FAILURE AND CAN'T BE TKAOTTLED,
THEN THE OPERATOR SHOULO $SDLAJE EFW TO THE
AFFECTED SG UNTIL THE PROBLEM IS CORRECTED.

i

T\
OPERATOR CONTROLS OR ISOLATES EFW & NFW
T0 THE GENERATOR(S) WITH THE HIGH LEVEL
(ATOG, PART I1. "BEST METHOOS™)

TES | [

!

SECONDARY
INVENTORY
CONTROL

NOTE: IF OVERCOOLING SEVERE ENOUGH TO ACTUATE ES,
SUBCOOL ING MARGIN MAY BE LOST, IN WHICH CASE
THE OPERATOR WILL FOLLOW PART 3. SECTION 110.4
AND TRIP THE RC PURPS. ON TRIP Of THE RC PUXPS
MFW WILL BE AUTOMATICALLY OIVERTED 70 THE
UPPER NOZILES. HOYEVER, THE FAILLRE ASSUMED 1§
A STUCK OPEN MAIN PATH;THEREFORE A TRIP OF BOTH
NFY PUNPS 1S REQUIRED, THE OPERATOR SHOULD
PERFORM THIS ACTIDN RATHER THAN RELY ON THE
HIGH S6 LEVEL TRIP OF THE WFW PUNPS. EFW WILL
AUTOMATICALLY INITIATE AFTER MFW PUKP TRIP AND
THE CPERATOR WILL RAISE THE STEAM GEN. LEVEL

T0 95%

NOTE: EFW FLOX CAN BE THROTTLEQ L UNDER CERTAIN
CONDITIONS RC PUNPS RESTARTED. REFER TO ATOG.
PART 11, “BEST METHODS FOR EQUIPMENT
OPERATLON"

RC PUNP TRIP-
NFY PUNP TRIP

EFN STARTED

EFR CONTROLLED

[oes 1

(100 MuCH EFW]

GAMAGE 1S POSSIBLE,

IF THE AUTOMATIC MFX PUMP TRIP ON HIGH LEVEL FAILS, STEAM LINES
FELL AND MAY BREAK, IF THE STEAN LINES BREAX THERE WILL BE
EXTREME REACTOR GYERCODLING,

A RETURN TG CRITICAL, AND FUEL

BLOCK MFW TD THE
"BAD" GENERATOR

5| W

|

SECONDARY
INVENTORY
CONTROLLED

SPRAY

HEATERS

WUTH THE TRANSLENT TERMINATED, AND SECONDARY HEAT REMDVAL UNDER
CONTROL MAKEUP ®ILL RECOVER PRESSURIZER LEVEL AND THE ABILITY TO USE
THE PRESSUR{ ZER HEATERS. THE HEATER ACTION WILL PERMIT RC PRESSURE
CONTROL AND SUBCDOL{NG CONTROL.

LOSS GF AC PRESSURE CONTROL ARE COVEREQ RITH WATER

RC PRESSURE
CONTROL

STABLE
PLANT

PRESSURE CONTROL IS PROVIDED BY SPAAY AND HEATERS

RC PRESSURE CONTROL )S PROY¥IOEO BY RC SPRAY WHEN REACTOR COOLANT PUMPS £RE
RUNNING (FOR PRESSURE REDUCTION). |F SPRAY FAILS ON THE RC PRESSURE WILL

GRADUALLY DECREASE AND LOSS OF SUBCOOL NG CAN RESULT. SPRAY ACTION C3N 4E STOPPED
RY CLOSING THE SPRAY ISOLATION VALYE. iF THAT FA[LS RC PUNPS IN THE "A" LOOP
(WITh PRESSURIZER) CAN 8E STOPPED: CONTINUE FORCED FLOW WiTH DTHER RCP'S

IF WEATERS FAIL ON A SLOW INCREASE OF PRESSURE XYLL OCCUR AS LONG AS THE HEATERS

BY SPRAY FLOX. 10 STOP THE KEATERS-TURN OFF THE POWER.

IF HEATERS FAIL DFF-RC PRESSURE MAY SLONLY DECREASE AND LOSS OF SUBCODLING MIGHT
K= RESULT. SUBCODLING CAN BE MAINTAINED BY LOWERING SECONDARY SIDE PRESSURE (TO
REQUCE RC TEMPERATURE) AND MAINTAINING PRESSURIZER LEVEL WITH MAKEUP.

IF HEATERS FAIL ON WHEN PRESSURFZER LEVEL IS BELOW THE KEATERS, THEY WiLL BURN OUT
ANG ¥OT WORK. LONG TERM SUBCOOLING CAN BE MAINTAINED BY LOWERING Tpy USING THE
TBS; MAKEUP W1 L MAINTAIN PIR LEVEL.

THE PRESSURE INCREASE WILL BE SLON AND CAN BE CONTROLLED

EVENT RECOSN)TION SYMPTONS ||
- EXCESSIVE EFW WILL RESULT IN FURTHER OYERCOOLING ANO LOCX SIMILAR TO
THE TRANSIENT SHOWN FOR THE MAIN PATH

- KEY PARAMETERS WILL BE HIGH EFW FLOWRATE AND STEAM GENERATOR LEVEL
INCREASE COMBINED WITH LON STEAM PRESSURE

REFER TD

- ATOG PART I, SECTION (11 C FOR PROCECURE

- ATOG PART 11, "EXCESS MFY" FOR OISCUSSION: "OVERCOOLING D1AGNISIS CHART"
IN “DIAGNDSIS L WiTIGATION".

CORRECTIVE ACTIONS
- CONTROL OR ISCLATE EFW TO AFFECTED GENERATOR.
- START HPI 1F PRESSURIZER LEVEL <HO" AND RCS PRESSURE 1S OECREASING.

LIMITS INPORTANT T0 THYS EVENT
- ISOLATE RUNAWAY £Fw BEFORE WATER ENTERS THE STEAM LINES
- STOP OVERCOOLING BEFORE PRESSURIZER ORAINS
- AFTER OVERCAOL(NG TERNINATED PREVENT SOLIB PRESSUR)ZER BY
. THROTTLING KP1 AS SOON AS SUBCOOLED WARGIN RESTORED
- REDUCING T8S SETPOINT [0 VALUE CLOSE TO SATURATION PRESSURE
F0R EXSSTENG RC TEMPERATURE T0 LINIT RC HEATUP AND SYELL.
. UF ALL EFA AS ISOLATED RESTORE EFW OR ¥F¥ FO AT LEAST ONE GENERATOR
BEFORE EXISTING INVENTORY BOILS OFF OR PROCEED WITH WP3.COOLING

STEAM LINES FILL AND WAY BREAK; IF THE STEAN LINES DAEAK THERE
WILL BE EXTREME REACTOA OVERCOOLING, & RETURN TO CRETICAL AND FUEL
DAMAGE 1S POSSIBLE. STEAM FLOW TQ EFW PUNP DRIVER #ILL STCP, BUT
THE FILLED GENERATDR PROVIDES AN ADEQUATE TEMPORARY HEAT SIKK.

H206((0256—0




STEAN PRESSURE FALLS CAUSING
INCREASED HEAT AENGVAL AND
REQUCED RC TEMPERATURE

T

OPERATOR JRIPS TURBINE AND ISOLATES F¥, TBS, ANO
EXTRACTION STEAN LINES AND 1S ASBLE TO STOP STEAM
PRESSURE REDUCTION

YES I [T

STEAM
PRESSURE
CONTROLLED

O

NS
ISOLATION WiLL NOT S0P BLOWDOI
LEAKING UPSTREAN OF STEAN EXTR
OR MF¥ TO “GODD" SG AND LEAVES

LOW PRESSURE.  HEAT REMOVAL BY

SAFETY VALVE 1S OPEN OR STEAM LINE IS
FSOLATION VALVES.OPERATOR REINSTATES EFF
ISOLATED TO “BAD" S YO STOP BOIL OFF AT

GENERATOR WILL GIVE SYSTEM CONTADL.

o IF

ACTION L INg]

AL FY

THE OTHER

YES I N0

[

IN THE ABOYE SEQUENCE OPEAATOR
STOPPAGE OF F¥ TO “@AD™ STEAM

LEVEL IN "GOOD" SG.

MAY NOT XEEP THE REACTOR COOLOOWN FROM
STARTING ES. ES WILL OCCUR BECAUSE THE
REACTOR COOLANT CONTRACTION ORAINS THE
PRESSURIZER AND REACTOR COOLANT PRESSURE
WILL LONER TOWARD THE STEAM PRESSURE: |F
SUBCOOL NG MARGIN IS LOST THE OPERATOR
¥ilL TRIP THE RC PUNPS AND RAISE SG

GENERATOR

1
’mw‘
"8AD" SE WILL PERWIT BOJLOF|
AND COGLDOWN THROUGH FAILED

STEAN VALYES. WHEN ES
INITIATES HPI, THE REACTOR
WILL RE-PRESSURIZE ANB THE

NDT LINITS NAY EVENTUALLY
BE VIDLATED.

133

wIP
RC PUNPS

RAISE F¥ TO
95% OPERATE
RANBE

LO§S _OF STEAM PRESSURE CONTROL

EYENT RECOGNETION STRPTONS
AN OPEN STEAN VALYE (MSRY, OR TBS) OR FAILURE OF THE TURBINE TRIP WILL

GREATLY REDUCE STEAM PRESSURE /N ONE OR BOTH 56 §
- 1T 1S AN OVERCOOL ING TRANSIENT AND THUS WILL LOOK LIXE THE P-T TRANSIENT SHONN FOR
THE MAIN PATH. HOWEVER. WITH BOTH EXCESSIVE MFW AND EXCESSIVE SG BLOWDOWN LESS TINE

1S AYAILABLE BEFORE THE PRESSUR)ZER ENPTIES AND THE RCS REACHES SATURATIDN
(PATH 2 ON P-T CURVE).

ACCORDINGLY (ATOG PART 1, SECTION It1 C).

NOTE:  EXCESS)VE FEEDWATER CAN OCCUR AND CAUSE A REACTOR TRIP, AS SHOWN WERE. OR CAN OCCUR AS
. A RESULT OF A REACTOR TRIP OUE T0 FAILURE OF MFY TQ PROPENLY RUNBACK.
THE OPERATON SHOULD WECOGNIZE EXCESSIVE PRIMARY TO SECONDARY HEAT TRANSFER AND REACT

(N EITHER CASE,

CORRECTIYE ACTIONS
- TRIP TURBINE

~ ISDLATE F¥ (MFW ANO EFW) D BOTH SG'S
- CLOSE THS VALVES AND OTKER DOWNSTREAN EXTRACTION VALVES

+ MONITOR SG CEVELS AND PRESSURES' GENERATOR WITH DECREASING LEVEL Aﬁ‘ﬂ/ﬂl
PRESSURE 1S THE LEAKINE, OR “BAD" GENERATOR

~ RESTORE EF¥ OR NFY TO “S000" GEKERATOR: ALLOW “BAD" GENERATOR TO 801t DRY:
CONTROL DH REMOVAL WITH “GOOD" GENERATOR.

- SEE NOTE AT BOTTOM OF BRANCH FOR FOLLOWUP ACTIONS ONCE STEAM PRESSURE CONTROL IS
AEGA(NEQ TO PREVENT SOL{D PRESSURIZER.
LINITS IMPORTANT TO TH)S EVENT
+ STOP OVEACOOLING (EXCESSIYE SG BLOWDOWN) HEFORE PRESSURIZER DRAINS.
« IF HPI STARTS OBSERVE SUBCOOLING RULE (ATOG, PART 11, “BEST RETHODS")
« PREVENT SOL(D PRESSURIZER

LOSS OF SECONDARY (NVENTORY CONTROL (LCH)

REFER 10
+ ATOG, PART (. SECTION 141 ,C FOR PROCEDURE,
- ATOG, PART 1}, "SWALL STEAN LEAK™ FOR OISCUSSION: “DVERCODLING DIAGNOSIS CHART" IN
“DIAGNOSIS T NITIGATION" e t————

FOM THE ‘EICESSIVE FEEOWATER TRANSIENT ENSUFFICIENT NAKEUP DOES NOT
GEMERALLY LEAD TO AN UNSAFE CONDITION. THE OVERCOOL IKE CAUSED BY
EXCESSIYE FEEDWATER WILL CONTRACT THE COOLANT: WHEN THE OYERCOOLING
TRANSIENT |S STOPPED THE REACTOR COOLANT WILL HEAT BACK UP AND
RESTQRE PRESSURIZER LEVEL. |F LETOOWN 1S NOT SECURED AND NAKEWP 1§
LOY THE REACTOA COOLANY SHRINNAGE WitL DRAIN THE PRESSURITER AND
ES WILL START WPt. IF THE EXCESSEVE FEEOWATER TRANSIENT
OVERCOOL ING COMBINES WITH A LOSS OF STEAN PRESSURE (SHOWN ELSEWHERE
ON THIS CHART) THE PRESSURIZER MAY ORAIN BECAUSE OF GREATER
DVERCOOL ING: ES WILL START WP,

AN UNSAFE COKDITION CAN RESULT (F MAKEUP DA WPI 1S LOST OR

STOPPED FOR ANY CASE WHERE BOTH AN AND AUXILUARY FEEOWATER ANE
STCPPED. CORE COOLING BY HP1 INJECTION ¥iTw RELIEF THROUGH
PAESSURI ZER VALYES IS REQUIRED 10 A¥O10 CORE BELT,

LOSS OF REACTOR INVENTORY

EXCESSIVE FECOWATER
BEGINS AND
1CS DOES NOT
CORRECT

OPERATOR CONTROLS
FEEOWATER

YES N

OVERCOOLING

CAUSES 4 LO¥
PRESSURE OR KIGH
FLUT REACTOR TREP

STABLE
PLANT

REACTIVITY
CONTROLLED

INCREASE WAKEUP

RESTORE PRESSUK{ ZER,
LEYEL

¥ THE ANOUNT OF
OYERCOOLING 15
ENDUGH TO DRAIN THE
[PRESSURIZER, ES
WILL (NITEATE HPI
FOR INVENTORY CONT.

CONTROL (LOW) (MOT ENOUGH
HAKEUP DR TOD WUCH L€ ToOWK]

L
INVENTORY
CONTROLLED

TURBINE TRIP
| (causes stean

PRESSURE TG
INCREASE AND)

JBS ML 0PEN

INADEQUATE
PRIMARY TO SECONDARY
HEAT TRANSFER

G0 TQ
ATOG PART 4
SECTION 111.8
REFER 0 ATOG PART It
"LOSS OF WFW"

PREVENT GOING SOL1D BY:

RCS HEATUP,

NOTE:  HPI WILL START 4ND THE SUSCOOLING RULE {ATOG PART 11, “BEST METKOOS")
NUST BE OBSERYEQ. 1T IS LIXELY THAT THE OVERCOOLING
RESULTING FRON THE EXCESSIVE FEEOWATER TRANSIENT CONPOUNDED BY THE LOSS
DF SECONDARY PRESSURE HAS RESULTED IN A SATURATED RCS.
HP) NUST BE USED UNTIL THE SUBCOOLING MARGIN IS REGACNED (PRESSURIZER
LEVEL SHOULD RETURN TO THE INDICATING RANGE).
ACHIEVE A GRADUAL INCREASE IN SG LEVEL.

HOWEVER, ONCE STEAM PRESSURE CONTROL IS REGAINED, THE ACS WILL BEGIN
TO REHEAT AND SWELL. THE OPEAATOR MUST RESPOND UUICKLY 10 PREVENT THE
PRESSURIZER GOING SOL10 AND POSSIBLE VIOLATION OF NOT LIMITS. HE CAN

- LOWERING THE T35 SETPOINT IN THE “GOOD” GENERATOR 70 LINiT
- ONCE THE SUBCOOLING WARGIN IS RESTORED VHROTTLING HP1

- RETURN TG NDRMAL RC INYFNTORY CONTROL WITH NAKEUP ANG LETDOWN.
#HEN ABOVE SUBCODLED MARGIN AND PRESSUALZER LEVEL > 80" INCREASING.

THEREFORE, FULL

F¥ SHOULD BE THROTTLEQ 70

[NDT ENOUGH £FW)

11
NOTE:  THIS BRANCK 1S SKONN 10 COVER THE EVENTUAL POSSIBILITY THAT THE PLANT {S PLACED IN THE CONDITION
OF INADEQUATE PRIMARY T9 SECONDARY HEAT TRANSFER, |, E., EXCESSIYE NFW HAS BEEN TERMINATED ARD EFN
FAILS TO INITIATE. - INAOEQUATE PRIMARY TO SECONDARY HEAT TRANSFER IS COVERED IN THE REFERENCED
AT0G SECTIONS THEREFORE THE CONPLETE BRANCH IS NDT SHOWN WERE. [T SHOULD 8E NOTED THAT SOME
ADDITIONAL TINE WiLt BE AVAILABLE FOR CORRECTIVE ACTIONS DUE 10 THE (NITiAL SG INVENTORY INCAEASE
RESULTING FROM THE EXCESSIVE MF¥ TRANSIENT.
EYENT RECOGNI TION STKPTONS
- LO¥ FLOR DR ND FEEDRATER WILL CAUSE OVERHEATING AND EXPANSION OF THE REACTOR COOLANT (PATH 2 BELOW:
PATH 1 SHORS INITIAL OVERCOILING OUE T0 EXCESSIVE MFN),
- THE RCS NILL EVENTUALLY REP2ESSURIZE T0 x 2500 PSI, THE PRESSURIZER VALVES WILL OPEN RELIEYING 10 THE
QUENCH TAKK AND RAISING QUEKCH TANK PRESSURE (PATH 3 BELOW). F UNCHECKED SUBCOOLING WILL 8f LOST.

2600
= POST TRIP
2 ¥INOOW
T oam ™
R T
2 e | eEsoy SUBCOOLED
- KARGIN
3 1500
140

w50 500 550 500 650 700
. Reactor Coolant Temperature-F(in}
- ADDITIONAL INDICATIONS ARE LOW OR ND EFN FLOW: DECAEASING §6 LEVEL, DECREASING SG PRESSURE WHEN
GENERATORS BOIL ORY, INCREATING QUENCH TANK PRESSURE AFTER RCS REACHES 2500 PSt
REFER T0
- ATOG PART I, SECTION 111,B FOR PROCEQURE
- ATOG PART 1), "LOSS OF WFR® fOR 0)SCUSSION.
CORRECTIVE ACTIONS
- ATTENPT TO REGAIN FEEOWATER (WAIN OR EMERGENCY)
- F PRINARY TO SECONDARY WEAT TRANSFER 1S LOST, OPEN PORY, START TWO HP( PUNPS. AND BALANCI
HP1 T0 QBTAIN NAXINUN FLOW

T WILL OPEN AND

RESEAT

AND RESEAT

STEAN SAFETIES

STEAN
PRESSURE
CONTROLLED

ES IKITIATED

vis | w

INMEDIATE ACTEONS SURMARY

- TREP RUNNING NFR'S START EFR

- START HPY IF PRESSURIZER LEVEL < 80" AND RCS PRESSURE 1S
DECREASING

REFER 10
ATOG, PART |, SECTION 14( C FOR PROCEDURE
ATOG, PART 11, “EXCESS MFW" FOR DISCUSSION; "OVERCOOLING
DIAGNOSIS CHART" IN “DIAGNDSIS & MITIGATION"

EVENT RECOGNITION SYNPTONS

- EXCESSIVE FEEOWATER WILL CAUSE GYERCODLING AS SHOWN ON P-T CURVE
BELOW

- OPERATOR CHECKS SG LEVELS AND MF¥ FLOWRATES TO DETECT
EXCESSIVE WFY

- SG STEAN PRESSURES WILL BE NEAR NORMAL IF NO OTHER FAILURES
EXIST AND BOTH SE'S OVERFED; 1F ONLY ONE SG OVERFEO,
UNAFFECTED SG WILL LDSE PRESSURE

-~ |f EXCESSIVE FEEDWATER ADDITION IS TERMINATED BEFORE THE

- IF COOLOOWN CONTINUES UNTIL THE PRESSURIZER EMPTIES, THE RCS

NOTE: THE TAANSIENTS OEPICTED ON THE P-T CURVE REPRESENT TYPICAL

N

CPEAATOR CHECKS SUBCODLING MARGIN. SEE

EVENT RECOGHITION SYRPIONS

- FAIRLY RAPIO, STEADY INCREASE IN RCS PRESSURE

- INCAEASING PRESSURI ZER LEVEL 1F ACS (S SUBCOOLED
+ HIGH MAKEUP/HPE FLOWRATE

REFER 10

- ATOG, PART i, SECTION I11.A

PRESSURIZER EMPTIES AND NO OTHEA FAILURES EXIST, PLANT ¥ILL
#iLL RECOVER AS SHOWN BY ARROR A (MAY SLIGHTLY EXCEED
BOUNDARIES OF POST TRIP WIKDI®)

WILL APPROACH SATURATION (PATH 2); RECOVERY OF

PRESSURVZER LEVEL BY WPI WILL RE-ESTABLISH SUBCOOLED CONDI T1ONS
(ARRQW B): HOWEYER A COOLOOWN OF THIS MAGNITUDE, |F OUE SOLELY
TO EXCESSIVE FEEOWATER, WILL PROGBABLY RESULT IN WATER IN THE
STEAM LINES

CORRECY(VE ACTIONS
EAPECTED RESPONSES T0 AN EXCESSIVE MF¥ EVENT, S SUCH THEY

ARE USEFUL FOR TRENO RECOGNITION PURPOSES. SLIGHT PRESSURIZER LEVEL

- ATDS, PART )1, “BEST METHODS," “OVEAPRESSURE DIAGNOSIS CHART" IN
“DIAGNDSIS & MITIGATION" AN "HP1 CCNTROL LOGJC" IN “BEST METHOOS". 4)\

- AFTER SUBCOOLED MARGIN REGA(NEO, THROTTLE WPL FLOW TO MAINTAEN

SUBCOULING RULE (ATOG PART 11, “BEST
NETHODS") WHEN SUBCOOLING NARGIN REGACKED.
OPEAATOR THROTTLES MAKEUP/HP) TO PREVENT
PRESSURIZER FROM GOING SOLID. [N ADDIT(ON,
TO LIM3IT REHEAT AND SWELL 0F RCS, CPERATOR
LOYERS TBS SETPOINT.

P
OPERATOR CONTAQLS PRESSURIZER LEVEL
BEFORE 11 GOES SOLID

DIFFERENCES IN PRESSURE VS TEMPERATURE AT A GIVEN POINT IN Yes ‘ (7]
THE ACTUAL TRANSIENT NAY OCCUR OUE TO INITIAL CONDETIONS, - AFTER SUBCODLED NARGIN RECAINEQ ARD PRESSURIZER LEVEL 1S > 80%. STOP HPI
TINE SEQUENCING OF EVENTS, ETC. FOR EXANPLE, IF HPI IS AND AETURN 0 NKDRNAL MAKEUP l I
STARTED SOONER NORE ACS INVENTORY 1S AVAILABLE AND & - LOYER 10S SETPOINTS T0 LINIT AEHEAT AKD SWELL OF RCS FNVENTORY.
GREATER COOLOOWN 1S REQUIAEQ BEFORE THE PRESSURIZER WILt AC INVENTCAY :2:217:5
ENPTY (PATH 2 SKIFTS 70 THE LEFT SLIGHTLY). LINITS IMPORTANT 70 THIS EVENT CONTROL LIFT 10 RELIEF
LINITS (NPORTANT TO THIS EVENT - PREVENT SOL(D PRESSURIZER IF RCS SUBCOOLEG. reR

STOP EXCESSIVE FEEOWATER BEFORE WATER ENTERS STEAM LIKES - PROVIDE FULL HPI FLOW UNTIL SUBCODLED MARGIN AEEAINED.

STOP OYERCOOLING BEFORE PRESSURIZER DRAINS + 00 NOT ALLOY SOLID LETDOWN STORAGE

AFYER OVERCOOLING TERMINATED, PREVENT SOLID PRESSURIZER BY . . P

- THROTTLING WP| AS SODN AS SUBLOOLED WANGIN RESTORED - ENSURE APPRPRIATE MAKEUP PUMP RECIACULATION FLOW IF HPL 1S THROTTLED. rETIES

- REDUCING TBS SETPOINTS 7O ¥ALUE CLOSE TO SATURATION il
PRESSURE FOR EXISTING AC TEMPERATURE TO LIMIT RC HEATUP AND S "

200
2t POST TRIP SUBCOOLED NARG(N
ViNODN
= 2200
3 1800
Z 60
£ 1
& 1mo SUPERHEAT
- REGION
s 1000
2 a0 ¥ END POINT-POST TRIP
= ¥ITH FORCED CIRCULATION
600 NORMAL OPERATENG POINT-
sevvmation B B pTekTion
408 ’ {77 END POINT-PGST TRIP WITH
""" NATURAL CYRCULATION

400 450 so6 550 600 50 100

Reactor Cociant Teaperature-#(Tn)

SWELL

I_—J

DPERATOR MUST ACT TC STOP
PRESSURI ZATION GF RCS T0 ALLOY
REGAINING PRESSURI ZER LEVEL

LOCA

LOSS OF AEACTGR INYENTORY CONTROL (HIGH) (TOD WUCH MAKEUP, SEAL INJECTION,

NOTE:

HAS BEEN STOPPED.

WHELE EXCESSIVE MFW IS IN PROGRESS, PRESSURIZER LEYEL WILL PROBABLY CONTINUE
TO DECREASE (OUE TO SHAINKAGE) EVEN WITH FULL HP( FLOY. HOREVER, THIS BRANCH
IS SHOWN IN THE EVENT HIGH RCS INVENTORY OCCURS ONCE THE EXCESSIVE MFN TRAMSLENT

HPY, OR NOF ENDUGH LETDOWN]

LOSS DF SECONDARY INVENTORY CONTROL (HIGH)

CONTROL  REPEATED LIFTING OF
PORY AND/OR SAFETIES WILL

EVENTUALLY RESULF IN FAILURE
OF QUENCH TANK AUPTURE OFSK.

G0 TD ATDG PART |
SECTION Uth, A-
REFER TO ATOG
PART 11 "BACKUP
COOL ING WETHDOS"

AUTOMATIC LEVEL CONTROL WILL BE IN EFFECT
ONLY [F THE MOTOR-CAIVEN EFW PUXPS
RECEIYED AN AUTOMATIC STARF SIGRAL. MANUAL
INITIATION OF EFW REQUIRES MARKUAL €F¥ FLOW
CONTROL. UNDER AUTOMATIC GONTROL FULL EFY
FLOW WILL BE PROVIDED UNTIL LEVEL NEARS
THE HIGH LEVEL SETPOINT WRICH #ILL CAUSE
FURTHER OYERCOOLING. THE OPERATOR SHOULO
THROTTLE EFW FLOW IN ACCORDANCE WiTH "BEST
METHODS." |F EXCESS EFW IS DUE TO
EQUIPMENT FAJLURE AND CAN'T BE THROTTLED,
THEN THE OPERATDR SHOULD ISOLATE EFW TO THE
AFFECTED SG UNTIL THE PROBLEM {S CORRECTED.

5

OPERATOR CONTROLS OR ISOLATES EFNW & MFW
T0 THE GENERATOR(S) WITH THE HIGH LEVEL
(ATOG, PART 11, "BEST METHODS")

Figure A-7 EXCESSIVE FEEDWATER LOGIC DIAGRAM

NOTE:

NOTE:

iF OVERCOOLING SEVERE ENOUGH TO ACTUATE ES,
SUBCOOLING MARGIN MAY BE LOST, IN WHICH CASE
THE DPERATOR WiLL FOLLOW PART ), SECTION 141.A
AND TRIP THE AC PUNPS. ON TRIP OF THE RC PUNPS
NF WILL BE AUTONATICALLY DIVERTED TO THE
UPPER NOIILES. MHOWEVER, THE FARLURE ASSUMED LS|
A STUCK OPEN MAIN PATH;THEREFORE A TRIP OF BOTH
MFY PUNPS 1S REQUIRED. THE GPERATOR SHOULD
PERFORM THIS ACTION RATHER THAN RELY ON THE
HIBH S6 LEVEL TRIP OF THE MFX PUNPS. EFY WILL
AUTOMATICALLY INITIATE AFYER MFW PUNP TRIP ANO
THE OPERATOR WiLL RAISE THE STEAM GEN. LEVEL

T0 9%%

EFW FLOW CAN BE THROTTLED & UNDER CERTAIN
CONGITIONS RC PUMPS RESTARTEQ. REFER TO AT0G.
PART 11, "BEST WETHDDS FCR EQUIPKENT
OPERATION"

I

RC PUNP TRIP-
WEY PUNP TRIP

£F4 CONTROLLED

Tres | o

[—

(700 MUCH EFW]

DAMAGE S POSSIALE.

AF THE AUTONATIC XFW PUMP TRIP ON WIGH LEVEL FAILS, STEAM LINES
FILL AND MAY BREAK. {F THE STEAN LINES BREAK THERE WItL BE

EXTREME REACTOR OVERCOOLING, A

RETURN TG CRITICAL, AND FUEL

BLOCK WFY T0 THE
"BAD" GENERATOR

L |

S | W

SECONDARY
INVENTORY
CONTROLLED

WITH THE TRANSIENT TERMINATED, AND SECONDARY WEAT REMOVAL UNDER
CONTROL. WAKEUP WILL RECOVER PRESSURIZER LEVEL AND THE ABILITY TO USE
THE PRESSURIZER WEATERS. THE MEATER ACTION WILL PERMIT RC PRESSURE
CONTROL AND SUBCODL ING CONTROL.

< RESULT. SUBCOOLING AN BE MAINTAINED BY LOWERING SECONDARY SIDE PRESSURE (10

RC PRESSURE
CONTROL

PRESSURE CONTROL IS PROVIDED BY SPRAY ANO HEATERS

SPRAY
RC PRESSURE CONTROL 1S PROVIDED BY RC SPRAY WHEN REACTOR COOLANT PUKPS ARE
RUNNING (FOR PRESSURE REDUCTION). If SPRAY FAILS ON THE RC PRESSURE WILL
GRADUALLY DECREASE AND LOSS OF SUBCOOLING CAN RESULT. SPRAY ACTION C3N 3€ STOPPER
RY CLOSING THE SPRAY )SOLATION YALVE. iF THAT FALLS AL PUMPS IN THE “A" LOOP
(XUTH PRESSURIZER) CAN BE STOPPED: CONTINUE FORCED FLOW WITH OTH:R RCP'S

HEATERS
IF HEATERS FAIL ON,A SLOW INCREASE OF PRESSURE WILL OCCUR AS LONG AS THE HEATERS
ARE COVERED WITH WATER.  THE PRESSURE INCREASE WILL BE SLOW AND CAW BE CONTROLLED
BY SPRAY FLOW. 10 STOP THE HEATERS-TURN OFF THE POMER,
IF HEATERS FAIL OFF-RC PRESSURE MAY SLOWLY DECREASE AND LOSS OF SUBCOOLING WIGHT

LOSS OF RC FRESSURE CONTROL

REOUCE RC TEXPERATURE) AND MAINTAINING PRESSURIZER LEVEL WiTH NAKEUP.

IF HEATERS FAIL ON WHEN PRESSURIZER LEVEL IS BELOW THE HEATERS. THEY NILL BURN OUT
AND NOT WQRK. LONG TERM SUBCOOLING CAN BE MAINTAINED BY LOWERING Tyy USING THE
T8S; MAKEUP Wi L MAINTAIN PIR LEVEL

EVENT RECOGNITION SYMPTONS ”
- EXCESSIVE EFW WILL RESULT #N FURTHER OVERCOOLING AND LODK SIMILAR 10
THE TRANSIENT SHOWN FOR THE MAIN PATH

- KEY PARAMETERS WILL BE WiGH EFN FLOWRATE AND STEAM GENERATOR LEVEL
INCREASE COMBINED WITH LOX STEAM PRESSURE

REFER 10

- ATOG PART I, SECTION |11 C FOR PROCEDURE

- ATOG PART 1). "EXCESS MFW" FOR DISCUSSION: “DVERCDOLING DIAGNOS)S CHART"
IN "DUAGNOSIS & MITIGATION,

CORRECTIVE ACT1ONS
- CONTROL OR ISOLATE EF¥ TO AFFECTED GENERATOR.
- START HPI (F PRESSURIZER LEVEL <80" AND RCS PRESSURE IS DECREASING.

LINETS (NPORTANT T0 THIS EVENT
ISOLATE RUNAWAY EFY BEFORE WATER ENTERS THE STEAM LINES
- STOP OVERCOOLING BEFORE PRESSURIZER DRAINS
- AFTER QVERCOOL(NG TEAN(KATED PREVENT SOL1O PRESSURIZER BY
- THROTTLING HP1 AS SOON AS SUBCODLED MARGIN RESTORED
- REDUCING TBS SETPOINT TO VALUE CLOSE TD SATURATION PRESSURE
FOR EXISTING RC TEWPERATURE T0 LIMIT RC HEATUP AND SWELL
. IF ML EFW ¥AS [SOLATED RESTORE EFW OR MFW TO AT LEAST ONE GENERATOR
BEFORE EX)STING INVENTORY 801LS OFF OR PROCEED WiTH HP(-COOLING

YES | [
[

[

SECONDARY
INVENTORY
CONTROL

AN

STEAM LINES FILL AND NAY GREAK (F THE STEAM LINES BREAK THERE
WLt 8E EXTRENE REACTOR OVERCOOLING, A RETURN 70 CRITICAL AND FUEL
DAMAGE (S POSSIBLE. STEAM FLOW TO EFW PUMP QRIVER WiLL STOP, BUT
THE FILLED GENERATOR PROVIDES AN ADEQUATE TEMPORARY HEAT SINK.
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APPENDIX B

LOSS OF MAIN FEEDWATER

1.0 GENERAL TRANSIENT DESCRIPTION

(BN ™

Loss of main feedwater is a failure to control secondary inventory.

‘ Loss of Main Feedwater (LOFW) is not by itself a severe transient.
The plant was designed to respond automatically to this event so
that the important plant parameters, like RC pressure and tempera-

ture, will stay within acceptable limits.
However, when main feedwater is lost, some important backup systems

like the Emergency Feedwater System are called into play. If these
e backup systems fail to function correctly, a much more severe transi-

ent may start. The important plant parameters may go outside their |
limits and the operator will have to step in to control them. So

even though loss of main feedwater is not by itself a bad transient,

it can be the starting point for some severe abnormal transient.

‘ This section will discuss what can cause a loss of feedwater and how

the plant will behave.

IATE :
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Causes for a Loss of Main Feedwater

The most common cause for a loss of main feedwater is a trip of the
main feedwater pumps. This can be caused, for example, by low pump
suction pressure which, in turn, could have a number of causes in-
cluding a loss of the condensate pumps. Main feedwater pump trip is
significant because it always results in an anticipatory reactor
trip. The anticipatory trip helps reduce the severity of the transi-
ent because it quickly drops the production of heat in the reactor
core. Without the anticipatory trip, the core will continue to
produce heat for up to 8 seconds after a LOFW before the reactor

trips on high RC pressure.

LOFW can also be caused by inadvertent closure of the main feedwater
contrel valves, the main feedwater isolation valves, or by a feed-
water line break. If these failures occur, they may not result in
an anticiﬁatory trip. However, they are much less likely than a
main . feedwater pump trip. So for the remainder of this discussion,
we will assume that the LOFW has been caused by a main feedwater

pump trip and that an anticipatory reactor trip also occurs.

Plant Behavior Followingﬁa LOFW

For the first few seconds following a LOFW, RC pressure, pressurizer
level, and steam pressure all "spike" upwards. This happens because

within a second after the main feedwater pumps trip, the reactor and

DATE:
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turbine also trip, and the effects of the turbine trip are seen more

quickly than the reactor trip.

The turbine trip causes steam pres-

sure to increase and reduces primary to secondary heat removal. The

reactor coolant gets hotter and expands slightly causing an increase

in pressure and pressurizer level. This initial

spike is shown on

’ the following P-T diagram to indicate its direction. In actual

practice the

probably won't see it. (Note: Only for the case

spike 1is so small and so quick that the operator

where there is no

anticipatory trip does the spike become significant. In that case

RC pressure will rise to 2300 psig before causing a reactor trip).
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Quickly the effects of the reactor trip become dominant. The loss
of power generation in the core ends the overheating spike. As the
steam generator inventory is boiled away, heat is removed from the
secondary side faster than it is being supplied by decay heat in the
core and the RCS cools. This part of the transient takes much .
longer and will probably be the first system behavior observed by
the operator. The following P-T diagram shows the trend that he
will see. Reactor coolant pressure, temperature and pressurizer
level will fall as a result of the RCS cooling down. Pressurizer

heaters will come on and makeup flow will automatically increase.
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Figure B-4. TIME RELATIONSHIP OF LOSS OF MAIN FEEDWATER WITH FAILURES
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Steam generator levels in both generators will continue to drop as
the inventory is boiled away. At the same time, steam pressure will
peak as the main steam safety valves lift. After the excess energy |
has been vented, steam pressure drops and these valves close. The ‘

turbine bypass valves will control steam pressure near the 1010 psig
' setpoint.

Because the reactor trip and turbine trip occur so quiékly after the
main feedwater pumps trip, the transient up to this point will look
almost identical to a normal reactor trip. For positive identifica-
tion of a LOFW, the operator must rely on other indications such as
the main feedwater pumps have tripped or the emergency feedwater
‘ pumps have been turned on. Main feedwater flow rate is a f.ast

indication which also should be checked.

The emergency feedwater pumps are actuated early in the tramsient,
but no EFW flow will occur until the steam generator levels have
dropped to the low level setpoint. When this occurs, the EFW flow
. will be automatically controlled to maintain a nearly constant level
and the heat removed from the steam generator will closely match
the core decay heat. When this happens, RC temperature will remain
nearly -constant. Pressurizer level will slowly increase in response
to the additional makeup flow, and operation of the pressurizer

heaters will cause RC pressure to go up. This represents the final

DATE: 3-23-82 ' Appendix B, Page B-5
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stage of the LOFW transient as the system approaches its desired
post-trip conditions. The P-T diagram below shows the expected

system behavior during this period.
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2.0 OPERATOR ACTIONS SUMMARY

Immediate Actions

- Confirm emergency feedwater system is providing feedwater flow
to the steam generators. If not, start EFW pumps and check EFW
valve alignment. Control EFW flow rate to prevent overcooling.
(EFW throttling should only be necessary when all RC pumps are
off and the higher level setpoint for natural cireulation is in
effect.)

Identifying Symptoms

- Main Feedwater Flow Rate

- Main Feedwater Pumps Tripped Alarm

- EFW controlling OTSG levels

NOTE: The RC pressure and temperature behavior is almost

identical to a "normal" reactor trip.

If the plant responds normally, there is no need for the operator to
take any immediate actions other than his normal post-trip response
(Part I, Sections I and II). 1If the loss of main feedwater is com-
pounded by other faifures, Sections I and II of Part I will help the

operator identify these situations and take the appropriate actions.

3.0 LOSS OF MAIN FEEDWATER WITH OTHER PLANT FAILURES

Introduction

'

The previous section describes the loss of main feedwater without

additional plant failures. The plant is designed to automatically

DATE : 3-23-82 ~ Appendix B, Page B-7
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handle the simple loss of main feedwater events without immediate
operator action (although to limit overcooling effects when in natu-
ral circulation the operator should control EFW when it starts).
However, a number of other ﬁlant failures can also occur at the same
time which will compound the LOFW event and increase the complexity
of the transient. These compound events require operator recogni- ‘
tion and corrective action to mitigate the transient. This section
will show what symptoms to look for when other equipﬁent fails and
will show what steps the operator should take to restore the heat

transfer from the core to the steam generators.

There are three significant failures which may compound the loss of

main feedwater event. These are: ‘

- Loss of Secondary Inventory Control (Low)
- Loss of Secondary Inventory Control (High)

-~ Loss of Secondary Pressure Control

These events are shown on the Loss of Feedwater Logic Diagram

(Figure B-5) and are discussed separately below. '

Loss of Secondary Inventory Control (Low)

Loss of main feedwater is already a loss of secondary inventory con-
trol. If the LOFW is compounded by a failure of the EFW system, the

steam generators will dry out and a loss of heat transfer will

result, .

DATE: 3-23-82 ‘ Appendix B, Page B-8
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The operator can recognize the total loss of feedwater by the lack
of both MFW and EFW flow indicadtion on the flowmeters and by the low
steam generator level which will be decreasing below 30 inches on
the startup range. Secondary steam pressure will decrease below the
post-trip setpoint of 1010 psig once the steam generator dries out
. and can no longer produce enough steam to hold the setpoint
pressure. Also, by following the steps in Part I, Sections I and
11, the operator will identify that inadequate primar‘y to secondary
heat transfer exists at Step 10.0 of Part I, Section II. This step
directs him to Section III.B of Part I where instructions for
establishing HPI cooling, if necessary to protect the reactor core,
and for restoring proper primary to secondarylheat transfer are
‘ given. Use of HPI cooling protects the core while providing the
operator the time necessary to correct EFW and/or MFW problems and
restore feedwater to at least one steam generator. HPI cooling
should be started when the loss of heat transfer is noted (T 514
decouples from steam generator saturation temperature and steam
pressure drops). Also at that time all but one RC pump should be
‘ tripped to reduce the heat input while maintaining some forced flow
to promote thermal wmixing; if the subcooling margin is lost the
remaining RC pump should be stopped. After HPI cooling has been
established, the operator should continue attempts to feed at least

one SG.

DATE: 3-23-82 Appendix B, Page B-9




BWNP~20007 (6-76.

BABCOCK & WILCOX NUMBER

NUCLEAR POWER GENERATION DIVISION

TECHNICAL DOCUMENT 76-1123298-90 ‘

Figure B-4 is provided to show how RC hot leg temperature and RC

pressure typically change as a function of time. On a loss of main

Ly g

feedwater with no EFW both RC temperature and pressure respond
initially like a normal LOFW trip but then within minutes both

parameters increase due to the inadequate primary-to-secondary heat

transfer.. .

Loss of Secondary Inventory Control (High)

The loss of main feedwater may be compounded by a failure in the EFW
system resulting in EFW overfeed. This is an overcooling event
because too much primary to secondary heat ‘removal occurs; however,
it is different from the excessive feedwa;er event of Appendix A
because main feedwater has tripped off and cannot be causing the ‘

overfeed. Therefore, this transient will be much slower.

Excessive emergency feedwater can be recognized by the following
symptoms :
- High steam generator level in one or both generators
-~ Continuous EFW feed flow indication above the correct level '
setpoint in one or bﬁth generators

- Falling steam generator pressure in the '"bad" (overfed) OTSG

DATE : 3-23-82 7 Appendix B, Page B-10
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By following the instructions in Part I, Sections I and II, the

operator will identify the excessive primary to secondary heat trans-
fer at Step 10.0 of Section IL. This step directs him to Part I,
Section III.C. Following those actions will terminate the excessive

EFW. A more detailed discussion of Loss of Secondary Inventory

. Control (High) is provided in Appendix A.

Figure B-4 shows the behavior of RC hot leg temperature and RC pres-
sure versus time for the LOFW event compounded by excessive EFW.
Steam pressure will decrease in both OTSG's and RC cold leg tempera-

ture will follow steam generator Tsat throughout the transient.

a Loss of Secondary Pressure Control

A loss of main feedwater event may also be compounded by a loss of

secondary pressure control. The loss of secondary pressure control
can be caused by such things as a turbine bypass valve or a main
steam relief valve failing in an open position. Any of these ini-

tiating causes will result in an overcooling transient.

Symptoms of a loss of secondary pressure control caused by steam
leakage through an open safety or turbine bypass valve are: (1)
rapidly falling steam generator pressure in both OTSG's with the
"bad" generator pressure falling more rapidly; after a few minutes
the "bad" generator pressure may be as much as 200 psi lower than
‘ the good generator pressure, and (2) low steam generator level in

the "bad" generator and/or higher EFW flow to the "bad" generator.

DATE :
3-23-82 Appendix B, Page B-11
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The operator should follow the instructions in Part I, Sections I
and II. Step 10.0 in Section II will identify the overcooling event
and direct him to Section III.C which provides the explicit instruc-

tions for identifying and déaling with the steam leakage.

These steps include isolating all feedwater to the "bad" OTSG by ‘
closing the coantrol or isolation valves and verifying the TBV's are
closed, and if the leak cannot be isolated then boiling the '"bad"

OTSG dry.

With a loss of secondary pressure control caused by a stuck open
turbine bypass valve or main steam safety valve, the reactor coolant
hot leg temperature and pressure decrease very rapidly. The time ‘
dependence of these parameters for a stuck open MSRV is shown in

Figure B-4.

DATE: 3-23-82 Appendix B, Page B-12




' Figure B-5 LOSS OF FEEDWATER LOGIC DIAGRAM
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e s secooeo waree |\ woane /0 1 L gesamemreny | | e T o1 o L gl y FW ACTUATED/CONTI .
TO AVOID BRITTLE FRACT SUBCOOLING HARGIN ves | - TRACE “8" SHONS THE TYPICAL PATH IF TWESE ACTIONS ARE TAKEN AT POINT 1: TRACE “A" < spenaL arEeaTing ro1aToronte EFM ACTUATED/CONTROLLED LIMITS IMPORTANT 70 THIS EVENT: 1S CONTROLLED (OR FEEDWATER STOPPED TQ THE DEPRESSURIZED GENERATOR) BECAUSE ALL FEEDWATER
e \RE 1S LOST SHOWS THE TYPICAL PATH IF NO ACTIONS ARE TAKEN AT POINT "1, E OPENATION (Tyqy) LOW OR_NONE [ YES l + . €FW IS REQUIFED AND MUST BE CONTROLLED TO LIMIT OVERCOOLING IF THE RC RC TEMPERATURE CONTIMUES TO FALL WHILE HPI INCREASES RC PRESSURE (SEE TRACE "I BRANCH. —(/
(SEE FIGURE 25 OF PART 1I) F PUMPS ARE TRIPPED AND A HIGH STEAM GENEFATOR LEVEL IS NEEDED FOR NATURAL REFER TO:
. - WHEN THE SUBCOOLED MARGIN IS LOST (POINT 2) ALL RC PUMPS MUST BE TRIPPED. H EFER TO:
IF POSSIBLE, RESTART AN RC = v e CIRCULATION OR IF EFW REQUIRED MAMMAL INITIATION (I.€., AUTOMATIC OPERATOR WILL TRIP RC PUMPS IF
PUP IN WITH, ~ - RE-ESTAHLISK EFW THEN STABILIZE PLANT (REFER TO APPENDIX 8 FOR DISCUSSION OF ATaALL CrrEuLATION (T K—— EFW FLOK CONTROL, NOT AVATLABLE) - ATOG PART I, SECTION IIT C FOR PROCEQURE SUBCOOLING MARGIN IS LOST
RESTART GUIDELINES IN "BEST | OPERATOR ACTIONS) suseooLeo ’ - ATOG PART 1I, "DIAGNOSLS AND MITIGATION" FOR DISCUSSION
" - LOOK OCCLRS BUT RE LIMITATIONS IMPORTANT TO THIS EVENT: " WAREIN LINE Vg p—
PRESSURE DROP IMITATION . CORRECTIVE ACTIONS:
ACTUATES 1 - RN TWO HPI PUMPS UNTIL SUBCODLING IS REGAINED. N N |
. ONCE SUBCOOLING IS REGAINED, THROTTLE EFW (IF AVAILABLE) AND HPT TO AVOID VIOLATION s a5 50 o L] Tae . - ISOLATE THE BAD GENERATOR BY CLOSING STEAM EXTRACTION ISOLATIGH VALVES
OF NOT LIMITS. MONITOR INCORE THERMOCOUPLES TO AVDID BRITTLE FRACTURE. 1 and Steam Gutlet Tewoeratuca. - IF LEAX CANNOT BE ISOLATED, STOP EFW TO THE BAD GENERATCR G \b_,
RESTART RCP'S IF AVALLABLE. SEE RCP RESTART GUIDELINES IN *BEST METHODS." .
REFER TO: SG_ INVENTORY LIMITATIONS IMPORTANT TO THIS EVENT: HPL CONTROLLE
- ATOG PART I, SECTION III C FOR PROCEDURE . CONTROLLED _ NOT LIMITS MUST BE OBSERVED SUCCESSFLL es
C— - ATOG PART II, "DIAGNOSIS AND MITIGATION* FOR DISCUSSION - STEAM GENERATOR TUBE TO SHELL AT LIMITS MUST BE MONITORED Pl
~ COOLING
. A) DPERATOR WILL STABILIZE THE PLANT: CORRECTIVE ACTIONS: - RCS COOLDOWN LIMITS ARE ALSO IN JECPARDY
1) RE-ESTABLISH EFN - ATTEMPT MAMUAL CONTROL OF EFW FLOW CONTROL VALVE: CHECK FEED FLOW METER AND LEVEL i
. | Fon THE ovERCOOLING EVENTS INCLUDING THE STEAM LEAKAGE PATH AND THE EFW MANUA
FOR DECREASE. . . .
2) THROTTLE WPI WHEN SUBCOOLING MARGIN IS ATTAINED AND WILL MAINTAIN SE IF BAD GENERATOR IS NOT QBVIOUS. ISOLATE FW TO BOTH SG'S, LLY CLOSE TBV'S, AND T ANV R
THE MINIMM SUBCOOLED MARGIN TO AVDID BRITTLE FRACTURE - IF UNSUGCESSFUL, CLOSE THE EFW FLOW CONTROL VALVE TO THE AFFECTED 5/G AND ATTEMPT CVERFEED, TOO MUCH PRIMARY TQ SECONDARY HEAT REMOVAL OCCURS. FOR SUCH ISOLATE COMMON STEAM EXTRACTION LINES (EFWPT STEAM SUPPLY AND AUXILIARY STEAM SUPPLY).
TO CONTROL FLOW WITH THE ALTERNATE PATH, EFW TO "BAD" GENERATOR 1S
PZR CASES, COLD LEG TEMPERATURE CAN BE EXPECTED TO FOLLOW STEAM GENERATOR
3 g ZR HEATERS TO DRAW A STEAM BUBBLE AND REGAIN RC PRESSURE IKe— . IF ABOVE ACTIONS FAIL, CLOSE ONE OF THE CROSS-CONNECT VALVES AND TRIP THE PLMP MAKELP AND LETDOMN WILL AUTOMATICALLY ADWUST PZR . NOT STOPPED.
TROL THROUGHOUT THE TRANSIENT AS LONG AS THE PRE! R T ORAIN.
FEEDING THE AFFECTED S/G. LEVEL, PZR HIRS WILL ACTUATE. FATLRE OF saT THE TRANSIE SSURIZER COES NOT DRAIN. IF
. SEVERE A IZER TO DRAIN
4) ISOLATE PORY AND CONTINUE NORMAL PLANT COOLDOMN. LIMITATIONS IMPORTANT TO THIS EVENT: ESE ACTIONS WILL RESULT IN A SLOW TRANSTENT QVERCOOLING CAUSES THE PRESRRIZER TO AKD THE REACTOR CODLANT
8) HPT COOLING CAN CAUSE THE PRV OR PRESSURIZER VALVE TD FAIL OPEN. IF - DO NOT PERMIT STEAM LINES TO FILL. D THE OPERATOR ILL HAVE TTME TO CONTROL BECOMES SATURATED THE RC PLMPS MUST BE TRIPPED; STEAM BINDING IN THE HOT LEGS
A THE PORY FAILS,1T SHOULD BE BLOCKED AFTER EFW IS RESTORED. - STOP OVERCOOLING BEFORE PRESSURIZER DRAINS o0 PRESS & TNVENTORY. MOOALLY CAN CAUSE NATURAL CIRCULATION TO STOP. HPI WILL BE ACTUATED, WHEN THE
IF A PRESSURIZER SAFETY VALVE IS FAILED OPEN, THE OPERATOR WILL: ! NUALLY. SHRINKAGE IS REPLACED AND SUBCOOLING MARGIN IS RESTORED THE RC PUMPS CAN
1) RE-ESTABLISH EFN. BE RESTARTED TO RESTORE CIRCULATION,
2) COOLOOWN PLANT PER GP-103 IF TRANSIENT PROGRESSES, RELIEF VALVES MAY BE OPEN ALMOST
CONTINUOUSLY TD RELIEVE PRESSUFE. A VALVE FAILING OPEN AT THIS
POINT WILL NOT REDUCE PRESSURE ENOUGH TO ACTUATE ES RC INVENTORY
CONTROLLED
AC INVENTORY EJECTED FROM
CYCLING RELIEF VALVES. RC PRESS r i
REMAINS HIGH. CORE EVENTUALLY . . 1 ;
UNCOVERS. ICC CONDITIONS EXIST. RC PRESSURE !
CONTROLLED F)
NS
CPERATOR WILL BEGIN STABILIZING PLANT
) BY RE-ESTARLISHING EFW TO THE GOOD -
GENERATOR

STABLE PLANT

-\
IF THE PLANT CAN BE STABILIZED AT HOT
SHUTOOMN CODLDOMN ON ONE GENERATOR SHOULD
. BE AVOIOED. FOR ONE GENERATOR OOOLDOMN
REFER TO: “BEST METHOD" CHAPTER,

CCbfloe.s—o
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) APPENDIX C

STEAM GENERATOR TUBE RUPTURE (SGTR)

1.0 INTRODUCTION

A SGTR is a loss-of-coolant accident (LOCA) that allows reactor
. éoolant to leak into the secondary side of the once through steam
generator (OTSG) where it is released into the steam plant. A
SGTR can become a serious accident; it contaminates-the secondary
plant and can lead to significant offsite doses if steam from the
affected steam generator(s) is released to the environment. It

can have the complications associated with a normal small break

i LOCA (see Appendix F).

A SGTR is a loss of integrity of the steam generator tubes. It
can be a small leak of one tube or failures of more than one
tube. SG tube failure can be caused by corrosion (bad water
chemistry), excessive thermal or hydraulic loadings during severe
plant transients, or mechanical wear due to foreign objects in
‘ the primary or secondary system. Tube failure can occur by

itself or it can be combined with another severe plant transient.

The leak rate during a SGTR can be small (a few gpm) or quite
large (several hundred gpm). The major factors which influence

the leak rate of reactor coolant into the steam generators are:

JATE : 3-23-82 Appendix C, Page C-1l
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1. The number of defective tubes,
2. The size (break area) of the tube failure(s), and
3. The pressure and temperature conditions in the primary and

secondary systems.

Small tube ruptures, with leak rates< 20 gpm, are more frequently .
encountered than large tube ruptures. However, larger leak rates
can occur. For a complete severance of one SG tube, a leak rate
of approximately 400 gpm at normal system pressure and tempera-
ture conditions would be expected. SGTR events with high leak

rates have occurred at commercial nuclear plants.

The leak from a failed tube cannot be isolated and reactor
coolant will continue to be lost until the plant is completely
cooled and depressurized and the primary system loops have been

drained. Hot shutdown is not a safe end condition for a SGTR.

The requirement to maintain an RCS subcooling margin will prevent
the equalization of the primary and affected OTSG pressures. The .
primary to secondary elevation difference will also prevent
termination of the tube 1leak until the RCS 1is drained.
Therefore, a plant cooldown and depressurization is required for
accident mitigation. Higher RCS pressures result in higher tube
leak flows and ultimately higher offsite doses, so early

detection and diagnosis of this accident is very important. ‘

DATE : 3-23-82 . Appendix C, Page C-2
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The RCS must be at cold shutdown before the BWST is depleted
because recirculation from the sump is not possible; injection
water will be lost through the broken tube. Therefore, the RCS
cooldown and depressurization must be initiated as soon as safely
possible and preparations should be started to provide for
Q replenishing the BWST should it become necessary. Since a tube
leak is a small break LOCA, the general procedures for LOCA
mitigation must be also followed -(see Appendix F;. Some modi-
fications to the LOCA rules are required for this unique
accident: 1) the leak rate through the tube will increase as
subcooling margin increases, therefore a minimum subcooling
‘ margin should be maintained, and 2) delays in cooldown and

depressurization must be avoided.

Delays of cooldown and depressurization can happen if failures
occur in plant systems in addition to the tube léak. If
possible, the additional failures should be corrected before
final cooldown and depressurization to cold conditions. However,
‘ to minimize delays in the RCS cooldown and depressurization, the

failures may have to be corrected during the cooldown.

This appendix will show characteristics of and corrective actions
for large and small tube leak rates, with and without additional

failures.

JATE : 3-23-82 Appendix C, Page C-3
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2.0

GENERAL OPERATOR ACTIONS

The most important stages in the treatment of steam generator'

tube leaks are to:

1. Diagnose that a SGTR is in progress and identify which steam
generator has the leak.

2. Bring the plant to a stable, zero power condition by: ‘
e Performing a plant runback, or
e Performing the Immediate Actions and Statt;s Verification

of Part I if a reactor trip occurs.

3. Rapidly cool down and depressurize the RCS so that the RCS
pressure is below the main steam safety valve setpoint.

4. Once the RCS temperature is below approximately 540F isolate
feedwater to the generator with the tube leak. 1Isolate all ‘
steam extraction lines from the steam generator with the tube
leak except the turbine bypass line. Leak rates of 5-20 gpm
are small and will probably not fill the generator before
complete plant cooldown if RCPs are running. Slightly larger
leaks can be accommodated depending on the time it takes to
completely cool down. Isolation of the generator will help ‘
prevent contamination of the secondary plant and the cleanup
efforts associated with it, For all large leaks and small
leaks without RCP operation, secondary plant contamination
will occur because the generator with the leak will have to
be steamed periodically to prevent filling. The operator
should make every effort to limit the degree of contamination ‘

in the secondary plant without inhibiting mitigation of the

DATE:
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SGTR event. This includes isolation of the auxiiiary steam
supply and the steam supplies to the MFW and EFW pump
turbines and the second stage reheaters from the affected
generator.
5. If additional component failures have occurred which will pre-
‘ vent a) plant depressurization with the spray or PORV, or b)
prevent the use of both generators, then repair or bypass the
failures if possible.
6. Cooldown and depressurize the plant to cold shutdown
conditions while maintaining the reactor coolant subcooled

and minimizing the offsite releases.

‘ These steps are shown in the block diagram (Figure C-1). The
text follows the outline of the diagram. The first part of the
text shows actions for tube leaks without failures; actions to

take if other failures occur with the tube rupture are discussed

in Section 9.0.

. During these stages, the tube leak must be treated to correct for
the LOCA and also to limit the radioactive steam release. Since
LOCA's are discussed at length separately (Appendix F), the fol-
lowing discussion will be focused on treatment of the tube
rupture as a unique accident and will only discuss the LOCA as it

relates to plant control.

‘ATE : 3-23-82 Appendix C, Page C-5
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Figure C-3, which is at the end of this appendix, summarizes the
general operator actions for a SGTR. Sheet 1 of Figure C-3 summa-
rizes those actions required to identify the accident and t
bring the plant to a stable zero power condition and Sheet 2
addresses plant cooldown., Table C-3 outlines actions to minimize
of fsite releases for SGTR's with additional equipment failures. .

These figures should be studied as a supplement to the follow-on

sections.
DATE: 3-23-82
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Figure C-1. STEAM GENERATOR TUBE LEAKS-OPERATOR ACTION GUTLINE
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b — o —— — — —_—
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3.0 EVENT DETECTION

The first stage for mitigation of steam generator tube leaks is
prompt detection and determination of which generator has the
leak. It is mandatory to know that a tube rupture has occurred
and it is very important to know which generator is affected.
Table C-1 summarizes the ways a SGTR and the affected steam
generator can be detected. Secondary plant radiation levels are
the best and most timely indicators of a SGTR. Tlixe other SGTR
symptoms (LOCA or asymmetric high water level in one generator)
are best used as back up methods in case the plant's radiation
detection equipment is inoperative. Figure C-2 shows the P-T
diagram and a sequence of events for a large tube leak without
operator intervention prior to trip; as expected, the tube leak

looks like a small break LOCA (see Appendix F).
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4.0 PLANT CONTROL AT POWER FOLLOWING A SGTR

The second stage for mitigation of a SGTR is to stabilize reactor
coolant (RC) pressure and pressurizer level so that the plant may be
run back without tripping. Tube leaks will result in decreases in
RC pressure and pressurizer level. The makeup (MU) system will
. automatically increase MU flow to stabilize pressurizer level and
- the pressurizer heaters will come on to restore RC pressure. Let-
down storage tank (LDST) level will drop, but must not Se allowed to
drain. Action must be taken to supply the LDST with a water supply
with a boron .concentration equal to or greater than RCS boron

concentration.

‘ Larger tube leaks or a complete rupture of a tube will require
starting a second makeup pump or manual initiation of HPI. Action
to start HPI shou‘ld be taken if pressurizer level cannot be
maintained with MU, Shift HPI pump suction to BWST if unable to
maintain LDST level. If the leak rate is greater than the MU or HPIL
flow rate, pressurizer level and RC pressure will drop, the heaters

. will turn off on the low level interlock, and a reactor trip will
occur. A complete severence of one SG tube (approximately 400 gpm)
will result in a reactor trip in approximately 10 minutes if the
operator does not initiate HPI (refer to Figure C-2). For tube
ruptures with a flow greater than approximately 700 gpm (more than
one tube ruptured), the rate of RCS depressurization will be too

‘ rapid to prevent a reactor trip, even with initiation of full HPI.

Letdown should be secured as rapidly as possible for all SGTR's.

Appendix C, Page C-8
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Once RC pressure and pressurizer level have been stabilized by ar;y
of the above actions, the third stage of actions (Section 5.0)
should be followed. By achieving RC pressure and inventory control,
the plant may be manually run béck. If a reactor trip does occur,
the minimum RC subcooling margin and pressurizer level must be
re-established in accordance with the actions described in Section ‘

5.0.

DATE: 3-23-82 Apendix C, Page C-9
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5.0 PLANT CONTROL TO HOT ZERO POWER (See Sheet 1 of Figure C-3)

The third stage for mitigation of a SGTR is to bring the plant to
hot shutdown (unless the leak is large enough to depressurize the
plant to a low pressure and automatically trip the plant). It is
preferable to run back as much as possible, even if a reactor trip
. is imminent, to avoid or limit 1lifting ‘the steam safeties and

releasing radioactive steam to the enviromment.

Tube leaks can occur alone or with other plant failures. If other
plant failures occur at the same time, it may be difficult to
establish hot shutdown and to proceed with cooldown and depressuri-
zation. Generally, the best course to follow, if possible, is to
‘ fix the other failures while taking actions to cool the plant down.
This section will show how to establish hot shutdown and prepare for
cooldown with tube'leaks only. Treatment of other failures is dis-

cussed in Section 9.0.

Action should be initiated to stablize pressurizer level and RCS
. pressure while conducting a plant runback to low power without
tripping. RCS inventory should be closely watched during the plant

runback and subsequent cooldown.

| TE: 3-23-82 Appendix C, Page C-10
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Upon reaching a low power level where the available turbine bypass

capacity is sufficient to avoid 1lifting the steam safeties, the

plant can be tripped as follows:

1. Place TBV's in manual and open to unload turbine.

2., Unload turbine generator and trip the turbine.

3. Trip reactor ‘

4. Place TBV's back in automatic with appropriate pressure
setﬁoints or control header pressure in manual (at operator

discretion).

If pressurizer level has not been maintained and a reactor trip
should occur, there 1is a good chance that the pressurizer will
drain, ES will actuate on low RCS pressure, and the reactor coolant .
subcooled margin will be lost. If this happens, the operator's
actions are to:
1. Ensure full HPI flow.
2. Trip the RC pumps immediately following the loss of subcooled
margin.
3. Ensure that MFW flow is diverted through the upper nozzles and ’
is controlled.
4., Throttle HPI once the reactor coolant subcooled margin is
regained and maintain pressurizer level at 100 inches or

greater.

-Once the reactor is shutdown and the turbine is offline, immediately

begin cooldown and depressurization as described on the following .

pages.
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6.0 COOLDOWN AND DEPRESSURIZATION

Once the plant has been brought to a hot zero power condition by a
runback or a reactor trip, a cooldown and depressurization of the
RCS should be started while maintaining the reactor coolant near the
minimum subcooled margin.
@
This action is required to minimize the offsite dose because:
1. By reducing RCS pressure, the primary to secondary.'leakage will
decrease and |
2. By decreasing RCS temperature and steam pressure, radioactive

steam release through the steam safety valves is less likely. -

‘ The initial objective of the cooldown is to bring the RCS hot leg
temperature to a value (<540F) that corresponds to a saturation
pressure which is'below the steam safety valve setpoint. This
action will prevent inadvertent lifting of the steam valves and will
limit atmospheric radiation releases. Below 540F the SG with the
tube rupture can be isolated without lifting the safety valves. The

‘ selection of the cooldown method to be used ("normal” or '“emer-

gency") is discussed in Section 8.0.

TE: 3-23-82 Appendix C, Page C-12




BWNP-20007 (6-76

BABCOCK & WILCOX NUMBER

NUCLEAR POWER GENERATION DIVISION

TECHNICAL DOCUMENT 76-1123298-00 .

The plant cooldown and depressurization should be continued to cold
shutdown conditions because the primary-to-secondary leak will not

stop completely until the loops are drained.

Prior to and during the cooldown and stabilization period, the opera-
tor should check the status of several things so that he can decide ‘

on the best method for cooldown.

1. Estimate leak size by maintaining constant pressurizer level.
Normal makeup will be adequate for a small tube leak. A large
tube leak will require initiation of HPI.
2. Verify the operability of all TBV's. Any leaking or stuck open
valves should be manually blocked closed (refer to SGTR with .
other failures section).
3. Verify the availability of both OTSG's. Assure both can be fed
and are able to maintain pressure. If not, refer to SGTR with
other failures section.
4, Vérify operation of RC pumps for use of pressurizer sprays. If
tripped and the RC conditions permit, restart one pump per OTSG .

(one in spray loop) as soon as possible.

DATE: 3-23-82
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7.0 ISOLATION OF AFFECTED SG

During the cooldown (normal or emergency) and depressurization of
the plant, 1isolation of the affected steam generator is recommended
once the reactor coolant temperature decreases below V540F. Below
this temperature, steam pressure will be below the secondary safety

‘ valve lift setpoints and reactor coolant subcooling requirements can
be met. Isolation is defined as:

1. Stopping MFW and EFW to the affected generator;"only enough
water should be added to maintain level at the low limit. If in
natural circulation enough water should be added to induce and
maintain natural circulation.

2. 1If the condenser is available, the TBV's should be used if steam-

‘ ing is needed. Therefore, the TBV's should be closed (until
needed) but the steam flow path upstream of the TBV's should
remain open and 'available.

3. Switching the turbine-driven emergency feed pump and other steam

supplies to the unaffected SG, or to another operating unit.

‘ The reactor coolant which leaks into the steam generator may eventua-
11y require steaming to limit the water accumulation in the genera-
tor. Steaming must be done when 952 on the operate range is
reached. Steaming may also be needed to maintain natural circula-
tion so that a reasonable rate of RCS cooldown to cold shutdown can

be achieved. The decision to steam should be based on the actual

TE :
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situation; RCS cooling, steam generator level, tube-to-shellA T, and
the need to add feedwater for natural circulation will help make

this decision.

Feedwater should be isolated to the affected SG until the leak size
is known. Small 1leaks will not provide enough water to the ’
generator to maintain a minimum level and therefore periodic feeding
will be required to keep the shell cool and rate' of cooldown

constant. Large leaks will provide enough water without feedwater

addition. Feedwater may be initially required to establish and
maintain natural circulation in the loop with the tube leak. A
decision to add feedwater must be based on the actual plant
situation; RCS cooling, steam generator level, tube-to-shell AT, and .

the natural circulation condition will help make this decision.

If the plant is in natural circulation, feedwater addition and steam-
ing will be required (at least periodically) from both loops to pre-
vent the reactor coolant in either loop from going saturated in the
"candy cane" of the hot leg and forming a steam bubble which will .
interrupt natural circulation and prevent depressurization. Further

plant cooldown and depressurization will be significantly reduced.

Although the intent of isolation is to "bottle up" the affected SG
and to use it as a storage tank for the additional reactor coolant
that escapes during the remainder of the plant cooldown and depres- .

surization, total isolation is not always possible. For large tube

Appendix C, Page C-15

DATE:  3-23-82




BWNP-20007 (6-76)

BCOCK & WILCOX NUMBER

EAR POWER GENERATION DIVISION

. CHNICAL DOCUMENT 76-1123298-00

leaks steaming may be required; feedwater may have to be added for
some other situations. Level control in the steam generator and a
high rate of RCS cooldown will provide a lower radioactive release
for large leaks than a slow cooldown., A faster rate of cooldown
will 1limit the total water that leaks into the steam generator,
’ limiting the offsite releases. A timely cooldown will also allow
the plant to be brought to a cold, depressurized condition before
the BWST is drained. Therefore, a sustained rate of <.:ooldown near

100F/hr should take priority over isolation of the OTSG.
Specific isolation actions for various plant conditions are
‘ addressed below (additional failures that may occur are covered in

Section 9.0):

A. Small Leaks with RC Pumps Running

For this condition, the reactor coolant pumps will force
circulation through the isolated loop so it will not stagnate
and flash; a continuous uninterrupted cooldown with the other
‘ generator is mandatory. The cooldown rate should be close to
normal and the tube-to-shell temperature difference should be
monitored and maintained within normal 1limits (100F) to avoid
excessive tube stress. Feed addition should be as required to
maintain level at the low level limit to keep the lower shell

covered. A continuous depressurization of the RCS is required
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to maintain a minimum subcooling margin while proceeding with
RCS cooldown. If heat removal does become interrupted, then a
path to the condenser from the affected OTSG should be opened to
prevent radioactive release through the safety valves of the iso-
lated generator. Intermittent feeding to the isolated generator .
may be required to maintain a minimum water level if a minor
tube leak occurs. A leak of this size may not be large enough
to fill the generator before the cooldown and depressurization
are completed; however, the leak rate and the steam generator
level should be monitored at all times. If the level increases
or the leak rate changes, the generator may have to be steamed
(preferably to the condenser). Steaming of the affected OTSG ‘
may be required at lower RC temperatures to maintain a
reasonable rate.of cooling. (COOLDOWN MODE 1 should be used for
the entire transient if the condenser and RCP's are available -

See Figure C-3, Sheet 2.)

B. Small Leaks with RCP's Off ‘

Intermittent or minimal continuous feeding and steaming may be

required to maintain natural circulation in the affected loop
and to prevent stagnation and flashing in the RCS. The cooldown
rate should be close to 100F/hr (below 500F) but may have to be
lowered so that makeup can keep up with the leak and the RCS con-
traction. Pressurizer level should be maintained at approxi- .

mately 100 inches. The tube-to-shell temperature difference

DATE: 3-23-82 _ Appendix C, Page C-.
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should be maintained within the emergency limits (150F). Con-
tinuous feeding and steaming of the affected OTSG, at low flow
rates, may be required to maintain 100F/hr cooling and the
tube-to-shell 1limits. (Cooldown Mode 2 should be used for

duration of transient - See Figure C-3, Sheet 2.)

Large Leaks/Ruptures with RCP's On or Off

If the tube leak is large enough, the affected OTSG.will contri-
bute significantly to RCS cooling. If the affected OTSG begins
to fill, steaming should be increased to limit level to 95% on
the operate range. If this action is required, then steaming of
the unaffected SG should be decreased, as necessary, to maintain
the total RCS cooldown rate at 100F/hr (below 500F). Once the
95% level is reached, continuous steaming of the leaking OTSG,
without feedwat;r addition, will be required to maintain a con-
stant rate of RCS cooling and to prevent overfill. If isolation
of feedwater and adequate steaming of the affected OTSG is begun
early in the transient, the difficulties associated with OTSG
overfill can be. avoided. Toward the latter stages of the
cooldown, the affected OTSG may begin to fill because the
boiloff needed to remove decay heat 1is less than the leakage

from the RCS into the OTSG. If this occurs, most of the heat

\TE :
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removal should be transferred to the affected OTSG. Inter-

mittent feeding and steaming of the unaffected OTSG may be re-
quired to maintain natural circulation (if RCP's are tripped),
100F/hr cooling, and the emergency tube-to-shell limit. (Cool-

down Mode 2 should be used - See Figure C~3, Sheet 2.)
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8.0 COOLDOWN AND DEPRESSURIZATION TO COLD SHUTDOWN

The final step for mitigating tube leaks is to bring the plant to a
completely depressurized condition. The tube leak rate will be the
lowest when the RCS pressure is approximately equal to the steam
generator pressure. To achieve this condition, the RCS must be
’ depressurized so that the decay heat removal system can be started.
The RCS subcooling requirements will not allow equalization of RCS
and secondary system pressures while ‘the steam generat"or is removing
heat. When the decay heat removal system is started for heat
removal, the steam pressure can be allowed to remain slightly higher
" than the RCS pressure. Reverse leakage will occur, but the effect
‘ is minimal if this condition is not maintained for extended periods

of time.

Although the leak flow will be lower when the RCS is placed on the
decay heat removal system and the steam pressure is then increased
by OTSG steam isolation, further cooldown and depressurization is
required. Since the elevation of the hot leg "candy cane" is always
' higher than the tube leak, elevation head will cause the leak to
continue. Special actions for handling the leak after the decay
heat system is placed in the decay heat removal mode of operation

will be described in Section 11.0.
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Control of plant depressurization is needed to bring the plant to
cold conditions; methods of depressurization are described in

Section 11.0.

The approach chosen for cooldown to the decay heat removal system
will depend on the conditions of the plant at the start of cooldown.
To determine the mode of cooldown the leak size, condenser avail-

ability, RC pump availability, and other factors must be known.

The following subsection describes the various factors to be con-

sidered for final cooldown:

8.1 Selection of Plant Cooldown Mode

Figure C-3 shows the three modes of plant cooldown to be select-
ed. There are two basic cooldown rates shown in this figure;

"emergency".

"normal" and
A "Normal" cooldown is defined by limits as:

- A close-to-normal cooldown rate is used (<100F/hr)
- Tube-to-shell temperature limits do not exceed 100F

- Fuel pin decompression limits are not violated deliberately.

DATE:
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An "Emergency" cooldown is defined by:
- Tube-to-shell temperature limits do not exceed 150F
- Fuel pin decompression limits may be deliberately violated

- The RC temperature should be dropped to 500F as fast as

. possible (<240F/hr)

- After 500F is reached the cooldown rate should be 100F/hr.,
as long as that rate can be held. Steaming of both OTSG's
will be required at lower RCS temperatures. The cooldown
rate should be reduced when the tube-to-shell temperature
limit approaches 150F (unless there is danger of running out

of BWST inventory).

The mode of cooldown to be selected is primarily based on three
conciitions: leak size, RC pump status, and availability of the
condenser. These two conditions take into account the severity
of the event. If the leak is large or the condenser or RC pumps
are not available, offsite releases will be large and the
emergency approach is chosen. Small leaks with the condenser
. and RCP's availat;le will not allow a significant release so a

normal approach is selected.

Mode 1 (near "normal" cooldown) is selected when:
a. The condenser is available, and

b. The tube leak is small, and

‘ c¢. The RC Pumps are operating.
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NUMBER

Note that all conditions must be satisfied to use the '"normal"

mode.

Mode 1 is a '"normal" cooldown except that the affected SG is
isolated when the reactor coolant temperature (Tpoe) is reduced
to less than 540F. It should be used for SGTR's where the leak
rate is small (well within the capacity of the MU system) and no
additional equipment failures have occurred. For tﬁis mode, all
normal plant equipment or systems (condenser, RC pumps, pres-
surizer spray, etc.) must be available. The plant should be
cooled within normal plant cooldown limits (fuel compression
limits, 100F tube-to-shell AT's, etc.). This cooldown mode will
most likely be precedéd by a plant runback since the leak rate
is small. This cooldown mode is the most likely condition which

will be faced, based on tube failure histories with the OTSG.

The entire cooldown can be performed using the wunaffected steam

gener;tor. To cooldown with one generator under these conditions

the following apply:

1. RC Pumps will keep circulation in both loops thus preventing
flashing and void formation in the RCS. The RC Pumps also allow
spray depressurization which is more rapid and contfollable than

PORV depressurization.
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2. The leak is small enough and the cooldown is fast enough with
one generator so that the water accumulation in the isolated
generator will not build up and require steaming to lower the
water level. The generator may instead be used to store the
leaking reactor coolant. The level should still be closely moni-

. tored and steaming should be started if the water level ap-
proaches 95% on the operate range.

3. Continuous heat removal by the single generat‘or will be
required. The single generator will not only remove heat from
the reactor coolant and core but also from the secondary fluid
in the isolated generator, which will act as a heat source. At
lower RC temperatures, the additional heat removal requirements

’ on the good OTSG may result in a significant reduction in the
rate of RCS cooling. If the rate of cooling is significantly
reduced or inte‘rrupted, the isolated generator TBV's should be
opened to increase RCS heat removal. This will ptevént overfill
of the affected OTSG.

4. Depressurization should be controlled so that it closely follows

. the subcooled margin curve. A minimum reactor coolant subcooled
margin should be maintained so that the leak rate is as small as
possible. Do not, however, violate RC pump NPSH requirements
when the RC pumps are running.

5. Feedwater to the ruptured generator should be isolated after a

normal level is established. The feedwater will be cooled as

‘ heat is removed from the generator and shell heat will reduce in
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the region contacted by the water in the generator. Steam gene-
rator tube-to-shell AT should be monitored and normal limits
maintained. The rate of cooldown should be controlled to

maintain normal limits.

The "emergency" mode is selected when: .

a. the condenser 1is not available, or
b. the leak is large , or

c. the RCP's are not available.

Note that if any of the above conditions exists, the "emergency' .

mode must be used.

Figure C-3 (sheet 2) shows emergency modes for conditions when one

generator or both generators are available.

Cooldown mode 2 should be used for a SGTR when HPI must be used to
compensate for the leak rate and both steam generators are .
available and removing heat when the plant cooldown is initiated.
This cooldown mode can be preceded by a reactor runback or by an
automatic reactor trip (if the SGTR is large or other equipment
failures occur). The general actions used for this cooldown mode

are as follows:
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1. Once the plant has been rapidly cooled down ( < 240F/hr) and
depressurized to about 500F and 1000 psi, pressurizer level has
been stabilized, and isolation of the affected SG has been
performed:

° 1f the condenser is not available the ADV's must be control-

‘ led manually to continue the cooldown. If the condenser is
available, then the TBV's should be used.

e If the RC pumps were tripped on loss of subc‘ooling margin
they should be restarted if subcooling is regained; restart
of the pump in the spray loop should take precedence to
make the pressurizer spray available (See Pump Restart
Criteria in Part II "Best Methods of Equipment operation).

a If the RC pumps cannot be restarted then the PORV must be

used for depressurization.

2. From 500F and 1000 psig, continue the plant cooldown and depres-
surization at up to 100F/hr with the unaffected or both OTSGs,
as required to maintain cooling, until the decay heat system

. can be started. .
e Maintain minimum subcooling margins to minimize the leak.
Do not violate RC pump NPSH requirements if the RC pumps

are running.
¢ Monitor the water level in the isolated SG and initiate

steaming if the water level rises above 952 on the operate

‘ range.
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° I1f the leak does not provide_ enough water to keep a minimum
level (natural circulation or forced circulation level as
appropriate), then feed the ruptured generator as required.
o If the plant is in natural circulation, both generators
will have to be fed and steamed as necessary to maintain
natural circulation in both loops. .
e Monitor tube-to-shell limits and slow the plant cooldown so
as not exceed a AT of 150F (See Part II, '"Cooldown With One

Steam Generator Out of Service'".).

3. After the decay heat removal system has been started, continue
to cooldown and depressurize to cold shutdown so the loops can .

be drained and repairs started.

= The above cooldown procedure is an emergency measure. Its goal is
to get the plant to a depressurized state as quickly as possible to
stop the leak and minimize offsite releases. In this mode, fuel
compression limits do not apply. Mode 2 can be applied when all
plant systems are available or under more degraded conditions such .
as a loss of offsite power. Figure C-3 outlines this cooldown
mode; it shows the ways the plant can be controlled and identifies

monitoring and corrective actions which are unique to a SGTR.

Mode 3 cooldown is identical to Mode 2 except that only one steam

generator is available for heat removal when the plant cooldown is ’
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Table C-1.

WAYS TO DETECT A SGIR

Abnormal Radiation Level in
Steam Plant

High readings and alamm
of condenser radiation
mnitor

High readings and alamm
of main steam line
radiation monitors.

LOCA Symptoms

Decreasing RCS Pressure
Decreasing Pressurizer Level
High MU FLow (or HPI initiation)
Low Letdown Storage Tank Level

Asymmetric SG Conditions

Increasing water level with
zero feedwater addition.

High activity levels or
boron concentrations in
the secondary water
inventory.

The secondary plant radiation monitors give
the best indication of a primary to secondary
leak. They are effective both when the SGIR is
the only accident and when a SGIR occurs along
with another accident. Both the steam line
and condenser radiation monitor will indicate
a SGIR; but the individual steam line moni-
tors will show which steam generator is leak-
ing. Typically, a condenser radiation alarm
ard an alarm on one of the steam line moni-
tors will sound if a SGIR occurs.

NOTE: A local frisk of the steam lines using
portable equipment can also be done
to find the affected SG.

The LOCA symptoms depend on the size of the
SGIR (leak rate) and may not show up immedi-
ately if the lesk rate is within the capacity
of the normal MU system. These symptcoms are
best utilized as confirmatory indicators of
a SGIR.
NOTE: A SGIR can be distinguished from a
normal small break LOCA in that normal
RB conditions (pressure, temperature,
and radiation) should exist unless
additional equipment failures occur.

Once the plant is tripped, asymmetric OTSG water
levels may develop. When feedwater is stopped
and water level is at or above the appropriate
control setpoint, the water level in the affected
SG may continue to rise because of the primary
to secondary leskage. This method of detection
should be used only as a backup because it is
effective only for very large leak rates. For
small leaks asymmetric water level conditions
will not develop; the reactor coolant will simply
boil off as if it were normal feedwater. The
differences in indicated feedwater flows between
the unaffected and affected OTSG may not be
significant enough to detect.

The affected SG can also be identified by drawing
a SG water sample. The affected SG will contain
some activity and boron due to the presence of
reactor coolant. This method of detection should
be used only as a last resort because it is time
consuming and requires action outside the control
room. Coolant sampling becames less effective

as the transient evolves and the reactor coolant
is mixed with the secondary coolant.
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started. As indicated in Figure C-3, this could result from equip-
ment failures that result in a loss of feedwater to one SG or a
loss of steam pressufe control on one SG. The failed steam genera-
tor may or may not contain the tube rupture. The actions required
for Mode 3 are the same as Mode 2 except that isolation of the
. affected SG at less than 540F 1is not required. For Mode 3,
significant offsite releases can occur under some fgilure' modes.
Figure C-3 outlines this third cooldown mode and the circumstances

when large offsite doses could occur.
Since the Mode 3 "one generator cooldown" will only be required be- =
‘ cause of failures, it will be discussed 1in more detail in the

following sections which address failures.

A summary of the SGTR conditions and appropriate cooldown modes

follows:

SGTR Conditions Cooldown Comment s
‘ Normal .

Small Leak, RCP's On Mode 1 Isolate Affecfed OTSG

(Condenser Available)

Emergency

Small Leak, RCP's Off Mode 2 Isolate Affected OTSG

(And/or Condenser

Unavailable)

Large Leak, RCP's On Mode 2 Isolate Affected OTSG
’ Large Leak, RCP's Off Mode 2 Isolate Affected OTSG
One Generator Cooldown Mode 3 Refer to Section 9.0
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9.0 PLANT CONTROL FOR TUBE LEAKS WITH OTHER FAILURES

Plant equipment failures during a tube leak transient can make
plant control very difficult. Some failures will make it difficult
to establish a stable condition for cooldown; some will cause the
cooldown rate to be much slower than desired. Some failures can
cause the offsite releases to be large. Some failures can be ‘
repaired or bypassed and some cannot. All of the failures that can
make plant control difficult will be of two kinds:
- Those that limit the heat removal of the steam generator(s)
(these failures will limit the ability to establish hot
shutdown and will limit the cooldown rate). |
-  Those that limit the ability to depressurize the RCS (these
failures will limit the depressurization rate and may ‘
require the cooldown rate be limited in order to stay

B} within NDT limits).

Table C-3 summarizes the major failures and the actions required to
correct them. The general approach for correcting other equipment
failures that occur in addition to the tube leak is as follows: ‘
e Simultaneously:
a. Rapidly depressurize and cool the reactor coolant system
(if possible) and bring the system to the point where the
RCS pressure is below the setpoint of the steam safety

valves. Most failures will not prevent this step and may

even cause the depressurization. ‘
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b. Diagnose the additional failures in accordance with the

principles shown elsewhere in these guidelines.

e Correct the failure prior to or during the final cooldown to
cold shutdown. Do not delay the cooldown even if the failure
limits the rate of RCS cooling and depressurization. Details

. of the effects of and corrections for failures are shown in

Tables C-2 and C-3.

° If the failures cannot be corrected to enable bot4h generators
to be used or the RCS cannot be depressurized with use of spray
or the PORV, then the cooldown will be difficult. 1In general,
these kinds of failures are limited to:

’ a. Failure of a steam safety valve (open) will not allow a
"normal" rate of feedwater addition (excessive RCS cooling
rates will result). Turbine bypass failures may be cor-
rected by .isolating the failed valve(s) and do not apply;
MSRV failures cannot be easily isolated (although it may be
possible to gag shut a leaking MSRV). The plant must be
cooled down with the remaining generator even if it has the

' leaky tube. Radiation dose release may be high if the open
steam valve is in the same generator as the tube leak.
During cooldown, the generator with the steam failure (low
pressure) must be continuously fed at approximately 100
gpm, preferably through the main feedwater nozzles.
Feeding will maintain cooling of the lower shell and keep

‘ the tube-to-shell temperature difference within limits. If

the generator is completely depressurized, extreme care
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must be exercised when feeding. A flow path through the
warmup valve can be used to achieve low feed flow rates
(~100 gpm). If the RCP's are tripped, it is important to
provide some feeding of the depressurized generator to
establish or maintain natural circulation. If the steam
failure is in the affected (ruptured) generator and the ’
leak flow is large, the tube leak may provide adequate
cooling without feedwater addition. Unlike any other
transients which do not recommend feeding a depressurized
generator, a SGTR requires RCS cooldown to terminate the

transient; therefore, careful feeding of a depressurized

generator is allowed. l

Steam leaks will most likely be caused by valve failures
outside contaimment rather than piping failures (TBS,
MSRV's, etc). 1If the steam leak occurs inside containment,
it will 1likely be a piping failure in a steam, feed, or
drain line. 1I1f the steam failure is on the steam generator
with the tube leak and is inside the contaimment, the ‘
reactor coolanc. from the tube leak will be returned to the
contaimment sump. Although adverse contaimment conditions
may result, the offsite releases will be minimal after the
RC temperature reaches 540F. The time requirements for
termination of the SGTR transient may then be relaxed
because HPI sump recirculation can be utilized and offsite ’

releases are minimized.
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b. A loss of all feedwater to one OTSG will normally require
cooldown on the remaining generator. The rate of RCS
cooling must be slow to prevent violation of the
tube-to-shell temperature limits on the OTSG without
feedwater. If the RCP's are tripped, the rate of cooling

.’ will be even slower; reactor coolant will not naturally
circulate in the idle loop. The stagnant loop must be
closely monitored for saturation in the hot leg. Releases
offsite will be significant because of the slow rate of RCS
cooling and depressurization. Every effort should be made
to realign feedwater to both generators. If realignment

‘ . cannot be made, plans should be arranged to replenish the
BWST inventory to avoid 1loss of injection water. If
feedwater is lost to the ruptured OTSG and large leak flows
are presen.t, the leak will provide enough water to maintain

cooling of the affected OTSG.

c. Pressurizer valve failures (open or leaking) will require
. constant HPI to maintain subcooling. Failures in the pres-
surizer steam space will cause HPI to fill the pressurizer.
RCS depressurization from this solid water condition will

require throttling of HPI without loss of subcooling.
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The BWST inventory should be carefully monitored when this

mode of depressurization is utilized for extended periods

of time.

Total loss of feedwater (MFW and EFW) will require a solid
water cooldown without the benefit of secondary heat re-
moval. Attempts should be made to obtain feedwater from
any available source. For cases of this typé which require
excessive cooldown times, BWST inventory should be care-
fully monitored. HPI inventory from the BWST will flow
into the affected OTSG and will not be returned to the
reactor building sump. Therefore, backup water supplies
for the BWST may be necessary and should be prepared. Off-

site releases will be very significant.
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10.0 LIMITS FOR RCS COOLDOWN

The following is a summary of the basic limits which the operator
should be aware of while proceeding with the RCS cooldown for all
SGTR's:
1. Fuel pin compression limits apply to the case of small leaks
‘ with RC Pumps running and thé condenser available ('"normal"
cooldown); they may be violated if necessary during an
emergency cooldown. |
2. Normal tube-to-shell temperature limits (100F) apply during the
normal cooldown. Emergency tube to shell temperature limits
(150 F) apply during the emergency cooldown, except:

The emergency limits may be violated at management discre-

‘ tion, 1f loss of core cooling injection water is imminent

| (BWST draining). The steam generators are likely to be

unusable i.f the emergency limits are violated, however core
| cooling takes priority.

3. Cooldown rate is near "normal" for small leaks with the conden-

ser available and RC pumps running. Cooldown rate is <100 F/hr

‘ except where tube-to-shell temperature limits restrict cooldown

rate. Overcooling should be avoided and the pressurizer should

not be allowed to drain. If the plant is on natural circula-

tion, the' cooldown rate may have to be reduced to avoid RCS

voiding. Cooling with both OTSG's may be required to maintain

100 F/hr cooling.
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The minimum subcooling margin should be maintained. Excessive
subcooling should be avoided to keep a minimum leak rate.
However, at lower pressures and temperatures, NPSH requirements
for the RC pumps become more restrictive and should not be
violated if RC pumps are operating.

The plant should be completely cooled down and depressurized
before the BWST is drained.

It is desirable to place the plant on the decay heat removal
system before poor quality backup feedwater is injected into

the steam generator.
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11.0

SPECIAL TOPICS RELATED TO COOLDOWN

TE :

11.1 Ways to Depressurize the RCS

Two ways are available to depressurize the primary system.
The first way is to use the pressurizer spray, and the se-
cond is to open the PORV. Use of the pressurizer spray is
the preferred method since PORV operation can result in a
quench tank rupture, abnormal reactor building pressure and
temperature, and additional RB cleanup efforté. Pressuri-
zer spray also provides better control and more rapid de-
pressurization in comparison to «cyclic PORV operation.
Therefore, RCP operation should be maintain whenever
possible.
If the RCP's have been tripped, the RCP's should be re-
started as soon as the restart criteria are satisfied
(refer to RCP restart guidelines in "Best Methods for
Equipment Operation” in Volume 1). The priorities for
which RCP's should be restarted (with preference to spray)
are as follows:

1) One RCP in each loop.

2) Two RCPs in one loop.

3) One RCP in spray loop.

4) One RCP in loop opposite spray.
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If an RCP operating combination must be selected which provides
only a limited amount of spray flow (refer to Table C-3, sheet
3, RC pressure 1), then periodic use of the PORV may be used to
augment spray depressurization. PORV and spray depressuriza-
tion is preferable to use of the PORV alone.
@
In the event the pressurizer spray is off or the RC pumps
cannot be restarted, the pressurizer PORV must‘ be used to
depressurize the plant. In general, it will not be possible to
open the PORV and still maintain pressurizer level and pressure
control. Instead, cyclic operation (open-shut) will be neces-
sary. The best way to maintain plant control is to continue ‘
the RCS cooldown and depressurize with the PORV in a sawtooth
manner between the subcooled margin 1line and “V30F below the

subcooled margin line, as shown on the P-T diagram on the next

page.
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When the PORV is opened, pressurizer conditions should be
closely monitored. A drop in pressurizer level should
occur because, as pressure drops, some of the water within
the pressurizer will flash to steam. To counteract this
effect, adjustments in the MU/HPI flow may be necessary to
‘ maintain an adequate pressurizer water inventory and to
prevent a loss of subcooling margin. Also, monitor the
quench tank conditions, and, if possible, adjﬁst the PORV
"open" time to prevent failure of the rupture disc.
However, RCS cooldown and depressurization should take

precedence over quench tank disc rupture.

a 11.2 Placing The Decay Heat Removal System into Operation
Once the plant has been cooled down and depressurized, the
decay heat removal system (DHRS) is used for final cooldown
and dépressurization. Special actions must be taken for
tube leaks when the decay heat system 1is actuated to
continue SGTR mitigation., Special actions must be taken to
‘ place the DHR system into operation during a natural

circulation cooldown.

The most important items are (also refer to Appendix F):
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1. As a general rule, if the RCS is saturated (which wi'll
only occur if several tubes are failed), it may not be
possible to place the DHRS into operation; (liquid
level above the drop line is not known and a loss of
decay heat suction would cause pump cavitation). How-
ever, if it is definitely known that no LOCA other than ’
a tube leak exists, the decay heat removal system can
be placed into operation. The reason is that the leak
location is such that liquid will be trapped in the
lower parts of the hot leg and the RCP internal "lip"
will trap water between the pump and the vessel. When
the RCS 1is saturated and the decay heat system is
engaged, the decay heat pumps must be locally monitored .
for cavitation. The pumps must be shut down within 2-5
minutes after loss of suction to prevent cavitation
damages.

2. One decay heat pump should be aligned in the decay heat
removal mode; the other in the injection mode from the
BWST or the HPI pump should be placed in "piggyback"” on ‘
the decay heat pump for injection. Injection flow rate
needs will determine the choice.

3. Due to the location of the decay heat removal drop line
and return line, the system will not adequately cool

the higher portions of the reactor coolant loop,

especially if the plant has been cooled down on natural ‘
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circulation. Cooling of the lower portions of the loop and
continued RCS depressurization can permit the reactor
coolant flashing in the high parts of the hot leg which
will inhibit further depressurization. This effect will be
more pronounced if a natural circulation cooldown rather
‘ than a forced circulation was used. To avoid this

possibility, the plant should be operated as follows:

Decay heat removal system startup after forced circulation

cooldown: The following options may be available:

- Continue RC pump operation until the hot leg temperature
a is lower than 212F or
- After the DHRS is placed into operation, stop the RC
pumps, nbnitor hot leg temperatures for saturation, and
control cooldown rate to avoid saturation. If
saturation occurs, "bump" a pump. A slight pressure

rise may occur and pump '"bump'" should be avoided if the

. decay heat system can become overpressurized.

\TE: Appendix C, Page C-4l
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Decay heat removal startup after natural circulation

cooldown:

In general, the steps are similar to the forced circula-
tion method; however, it is not likely that the hot leg
reactor coolant can be cooled to 212F using the steam

generators. Consequently hot leg flashing is more .

likely. To avoid hot leg flashing:

= Just before placing the DHRS into operation '"bump" a
pump, if possible.

l
or

=~ When the decay heat system is placed into operation, .
control the rate of cooldown and further depressuri-

zation to avoid hot leg saturation.
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Operator Actions During DHRS Operation:

- 1Isolate the steam generator with the tube leak at the
steam and feed lines. Steam pressure may rise for a
short time, but thereafter will drop since the reactor
coolant temperature will be lower than the steam genera-

' _ tor liquid temperature; lack of heat transfer into the
generator will not permit steam pressure to build up.

- Add nitrogen to the isolated steam generatér to p?ovide
a slight overpressure. When the RCS is completely de-
pressurized, the nitrogen pressure should be about 2-3
psi greater than kCS pressure,

- Do not isolate the remaining generator; it may have to

e be used' for heat removal if the RCS repressurizes and
reheats.

- Since tﬁe hot leg is at a higher elevation than the
steam generator, a small leak rate can occur into the
generator after the RCS is depressurized. Liquid can be
allowed to accumulate in the isolated generator as long
as continued heat removal occurs and reheat and

. repressurization is avoided. It may be desirable to
manually drain liquid accumulation to avoid complete
filling (600 inches on the wide ‘range level) if a
radioactive waste reservoir is available. Draining

should not be performed above the design pressure of the

. waste systems,
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APPENDIX D

LOSS OF OFFSITE POWER

1.0 GENERAL TRANSIENT DESCRIPTION

Loss of offsite power is a failure to provide power to the plant
source. It is not an "abnormal"

auxiliaries from an offsite
‘ transient or a failure to control the plant unless coincident

failures occur.

This transient is initiated by the plant separating from the grid
due to a grid upset. The unit auxiliaries are powered by the main
generator through the Unit 1 auxiliary transformer during both
‘ normal operation and grid separation. Therefor;e, power 1is still
supplied to all plant auxiliaries and the ICS (by design) begins to

run the plant back to 15% power.

Since the turbine was supplying 100% power and 'house loads" are
only about 4% full power, the turbine protection system must par-
tially close the turbine throttle valves to prevent overspeed. This
‘ results in a sudden ‘increase in secondary pressure and temperature
and consequently an increase in primary pressure and temperature.
The steam produced during the runback will be dumped to the turbine
through the turbine throttle valves, to the condenser through the
turbine bypass system, and to the atmosphere through the code safety

valves. The atmospheric dump valves are manually operated and

’ therefore will not open.
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with the present pressurizer electromatic relief valve setpoint

(2450 psig) and high pressure trip setpoint (2300 psig), the plant
will trip during the runback. The plant auxiliaries will switch
automatically from the auxiliary trans former to the startup
trans former which now has no power. Therefore, all power is lost to
the plant_auxiliaries except those components loaded on the 125V DC

battery banks and 120 VAC vital bus.

The Hydro Generators start automatically if the external transmis-
sion system is lost (or if engineered safeguards actions 1is
required). One hydro generator feeds through the 13.8 kv under-
ground feeder. The other hydro generator feeds to the 230 kv

switching station.

Approximately 73 seconds after starting, the Hydro generators will
begin to accept loads. After the Hydro loading is complete the
operator should start a makeup pump to re-establish makeup and RCP
seal injection and start an instrument air compressor to maintain

air pressure.

Because the reactor coolant pumps have lost power, natural circula-
tion must be used for decay heat removal. To establish natural
circulation the steam driven and both electric driven emergency
feedwater pumps are automatically started. Water from both the

steam and motor driven EFW pumps will be automatically directed to

DATE:
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the steam generators. This EFW 1is desirable when establishing
natural circulation because it enters at the top of the OTSG and

will provide a higher thermal center for heat removal.

However, the injection of EFW from the EFW pumps into the top of the
. OTSG's will slowly quench or condense the steam. As a result, the
OTSG steam pressure will decrease at a rate dependent on the EFW

flow rate and the decay heat rate.

Therefore, EFW should be throttled by the operator to prevent this
overcooling of the RCS. Following the EFW throttling guidelines the
operator should throttle flow such that:
‘ 1. OTSG level is continuously increasing; and
2. Steam pressure does not decrease more than 100 psi below its

target value.

The main condenser continues operation after a loss of offsite power
(LOOP) because the circulating water flow will continue by automatic

‘ valve operations to allow gravity flow to the tail race.

Because of this, the turbine bypass system will dump to the
condenser. The steam safeties will reseat in.less than a minute
after the LOOP and thereafter, the TBS will relieve steam to the

condenser as necessary.
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As the plant approaches steady state, the OTSG level will reach its
setpoint and EFW flow will modulate to maintain this level. Steam
pressure and temperature will return to the TBS setpoint. Primary
temperature will increase slightly as steam temperature increases.
Primary pressure willvalso incréase as makeup flow raises pressuri-
zer level back to its normal setpoint. When secondary pressure has
increased to the TBS setpoint and pressurizer level is at its normal
setpoint, primary to secondary heat transfer will again be equal and

the plant will be at steady state.

Actual Plant Loss of Offsite Power

On February 22, 1975, Arkansas Nuclear One, Unit 1 was operating at
100%Z power when a storm blew down a 500 kv transmission line near

Little Rock, Arkansas. This resulted in a loss of offsite power.

The reactor, and consequently the turbine generator, tripped due to
under voltage to the control rod drive breakers. The reactor did
not trip on high RC pressure as would be expected. The control rod
drives are normally powered from startup trans former #1 and make a
transfer to the auxiliary transformer upon LOOP. During this trip,
there apparently was a momentary delay in this transfer and the
control rods fell into the core. Buses H-1, H-2, and A-l trans-—
ferred to startup transfer #1 which had lost power due to the LOOP.

Bus A-2 transferred to startup transformer #2.

DATE:
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Following the reactor trip, the reactor coolant and main feedwater

pumps tripped placing the plant in a natural circulation mode. The
diesel generator (DGl) started automatically and emergency feedwater
and makeup flow was initiated in about 30 seconds after the LOOP.
After approximately 4-1/2 minutes, bus Hl, H2, and Al were switched
‘ to startup transformer #2 which was powered and one RC pump was

started in each loop.

Figures D-1 to D-5 show the plant data. Figures D-4 and D-5 show
the OTSG full range level and steam pressure versus time. Since
OTSG level was slowly decreasing, the EFW flowrate was probably very
small. Although the OTSG level is to be raised to 50% on the oper-
ate range after a LOOP, the failure to do so in this case did not ad-
versely affect the transient for 'the first five minutes. However,
failure to raise th;e level for an extended period of time could have

led to loss of natural circulation.

The slow oscillations in steam pressure are probably due to the
steam safety valves lifting and blowing down. Steam pressure

leveled off at about 1010 psig which is the setpoint of the ADVs.

Figure D-1 and D-2 show the hot and cold leg temperatures versus
time for loops A and B. The initial decrease in RC temperature
after trip is followed by a slow rise in the hot leg temperature.

The hot leg temperature should be approximately 20-40F higher than

3-23-82 Appendix D, Page D-5
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the cold leg when natural circulation is developed. The cold leg
temperature will approach the saturation temperature for the exist-

ing steam pressure.

Figure D-3 shows the loop A RC pressure versus time after trip.
After an initial decrease due to T,,, decrease following a reactor ‘
trip, the pressure begins to increase. This is caused by the
injection of makeup and the reactor coolant expansion due to the

inreasing hot leg temperature.

Figure D-6 is a P-T diagram of the ANO LOOP of February 22, 1975.
This plot is similar to but not exactly the same as Figure D-10.
Since the plant tripped on loss of power to the control rod drives, ‘

there was no initial spike in pressure.

Figure D-10 shows a temporary increase in both pressure and tempera-
ture before OTSG level reaches 50%. This increase is due to the
increase in the T required to establish natural circulation. The
plant data for the February 22, 1975 LOOP does not show a similar ‘
trend. This difference is due to the long time interval used

between plant data points.

. A ' Appendix D, Page D-6
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2.0 OPERATOR ACTIONS SUMMARY WITH NO OTHER PLANT FAILURES

Major Operator Action

- Verify both Keowee hydro generators havé started and are loading.
If not start Lee station.

- Verify EFW has started to both OTSG's then throttle flow to both

‘ OTSG's such that:
a. OTSG level is increasing to 50% on operate range and
b. Steam pressure does not fall more than 100 ;;si below its
target value.
- Start a MU pump, establish makeup and RCP seal injection

- Start instrument air compressor

‘ Identifying Symptoms

- A loss of offsite power is a failure to provide power to the

plant auxiliaries from the offsite source. It 1is not a failure
to control the plant unless additional failures occur. A typical
P-T plot for a loss of offsite power is shown in Figure D-10.

- Other identifying symptoms to help distinguish a LOOP from other

. transients are:
- RC and MFW pump trip

- Under frequency or under voltage on the 230 kv buses
- Trip of condensate and circulating water pumps
- Automat ic start of hydro generators

- Trip of instrument air compressors
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Discussion

This section will discuss how actions in accordance with Part I of
ATOG will help the operator recognize a loss of offsite power and

obtain a stable shutdown after it occurs.

As was pointed out, most of the plant response is automatic. The
operator must take four actions: 1) restart of at least one makeup
pump, 2) throttle EFW, 3) establish seal injection, and 4) start an
instrument air compressor. The first two actions are intended to
prevent draining of the pressurizer which would result in a possible
loss of subcooling and a consequent loss of natural circulation
cooling. Restoring seal injection 1is also required for reactor
coolant pump protection. Starting the air compressor is needed to

supply air to numerous control valves and instrumentation.

An operator using the guidelines for the event described would first
perform the Immediate Actions of Part I, section I; then go to Part
II, Vital System Status Verification. The first verification which
might require action is to verify that letdown is flowing through
the block orifice only. If the bypass valve is open it should be
closed. Step 5.0 requires the operator to verify that feedwater has
runback. However, both MFW pumps will trip after a LOOP and EFW
will be automatically initiated. Therefore, the operator does not

need to take any remedial action.
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Step 7.0 is the crucial step for diagnosis of a LOOP. The 6900V and
4160V buses will auto transfer to the startup transformer after a
turbine generator trip. If voltage is not regained on all buses
after this transfer, a LOOP has occurred. This step requires verifi-
cation of voltage on all buses; the voltage will not be on all
‘ buses, therefore, the operator will take the required remedial

action.

The remedial actions to be taken for Step 7 are:

a. Start or verify the auto start and loading of the hydro genera-
tors (automatic); this should occur within 23 seconds after
turbine generator trip.

‘ b. Verify that both the motor driven EFW pumps and the steam driven
EFW pump started then raise OTSG operate level to 50% (auto-
matic) while thr(;ttling EFW (manual) as needed to keep steam pres-
sure within 100 psi of its target value. The LOOP will cause the
condensate pumps to trip which will cause both MFW pumps to trip
on low suction pressure. Tripping both MFW pumps will auto

. initiate the EFW system.

c. Restart at least one makeup pump and provide seal injection to

the RCP's.

The instrument air compressor will not be operating since it is not
powered from the standby bus. The operator must get power to the
. compressor from the standby bus. The air compressor supplies air to

many major air operated controls and instrumentation.
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3.0 LOSS OF OFFSITE AC POWER WITH OTHER PLANT FAILURES

Introduction

The previous section described loss of offsite power with no coinci-
dental failures. This section will show what symptoms indicate other
equipment has failed and what steps the operator should take to

correct the heat transfer from the core to the steam generators. ‘

In addition to a possible failure of one of the major control func-
tions discussed thrbughout these guidelines, both hydro generators
can fail to start after a LOOP. While this is not one of these con-
trol functions, it can result in loss of RC Inventory and Pressure

Control.

Branch Discussion

The Loss of Offsite Power Logic Diagram (Figure D-9) has separate

failure branches for loss of all power except batteries, loss of

reactor inventory control (high and low), loss of secondary inventory

control (high and low), loss of primary pressure control, and loss of
secondary pressure control. This section will discuss each of these ‘
additional failure branches and illustrate how operator actions in

accordance with procedures in Part I will restore proper control of

the parameter in question.
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Figures D-7 and D-8 show typical primary and secondary pressure and
pressurizer and OTSG full range level trends for each of the failure

branches.

Loss of Reactor Coolant Inventory Control (Low)

’ A loss of reactor coolant inventory (low) exists whenever makeup or
HPI is 1insufficient to overcome a primary leak rate. The most
probable primary leak is a failure to stop letdown, éxcept through

the letdown orifice, after a reactor trip.

The makeup pump buses are automatically loaded onto the diesel gener- .-
ators. However, the operator will need to manually start the pumps.
‘ If he does not do so, the pressurizer will drain unless letdown is
completely isolated. The instructions of part one only require iso-
lating the block o:lifice bypass valve. Draining the pressurizer is

especially likely if excessive EFW occurs and overcools the primary.

In either of the above cases (excessive letdown or inadequate make-
. up), the symptoms will be the same, decreasing pressurizer level and
pressure with eventual draining of the pressurizer. The primary
pressure will then approach the saturation pressure for the existing
primary temperature. As long as primary temperature has been main—
tained below 600F (which corresponds to a saturation pressure of

1500 psig), ES will actuate HPI.
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The symptoms of uncontrolled reactor coolant inventory (low) will be
very similar to those of uncontrolled secondary inventory (high).
The distinguishing characteristics of the two events is that primary
temperature as well as pressure will decrease for the uncontrolled
secondary inventory (high). As shown 1in Figure D-9, the P-T
diagrams are considerably different. Figure D-8 shows typical ‘

parameter trends for this case.

The aﬁpropriate actions for an operator to regain control of primary

inventory are as follows:

- Isolate letdown

- 1If pressurizer level continues to decrease, manually initiate HPI

- If the uncontrolled letdown occurs in conjunction with an exces- .
sive cooldown, eliminate cause of cooldown. (i.e., throttle feed-

water, isolate the stuck open steam line valve, etc.)
Following the remedial action of step II.7 of Part I will correct
the problem. If that is missed, subcooling will be lost and the

operator can use III.A to regain inventory control. .

Loss or Reactor Coolant Inventory Control (High)

A loss of reactor coolant inventory control (high) can result from

excessive makeup or HPI., These excesses could be caused by:
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1. Pressurizer level is controlled by varying makeup using the make-
up control valve; therefore excessive makeup can occur by the
failure of the makeup control valve (in an open position) or
failure of inputs into the valve (i.e., erroneous pressurizer
level measurements).

‘ 2. If HPI is initiated, the operator is required to throttle the
flow when subcooling margin is regained. If he does not,

excessive HPI can occur.

An operator using ATOG, Part I, section II only, would not be able
to directly diagnose excessive makeup. However, a slowly increasing
pressurizer level will indicate the problem. It should be
‘ emphasized that excessive makeup is an extremely slow transient and
there should be ample time for the operator to recognize and correct
the problem. Seve.ral indications, such as high makeup flow and

pressurizer level alarms, are available to assist him.

If HPI has been started manually or automatically due to loss of sub-
. cooling margin, Section III.A of Part I will direct the operator to

throttle the HPI once subcooling margin has been regained.

Figure D-7 shows typical parameter trends for loss of reactor cool-

ant inventory control (high).
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The actions the operator can take to regain control of the reactor
coolant inventory are as follows:

1. Throttle or stop makeup using inline valves.

2. Increase letdown to maximum by opening both the letdown cooler
isolation valve and bypass valve,

3. Trip the makeup pumps.
Caution: The makeup pumps should only be tripped after all

other actions have failed to stop the excessive

makeup. Tripping the makeup pumps makes RCP seal
maxeup

injection unavailable.

Loss of Secondary Inventory Control (Low)

A loss of secondary inventory control (low) exists whenever there is
too little EFW being injected into the steam generators to remove
the decay heat output of the core. This can result from such things
as:

1. The steam and motor driven EFW pumps have both failed to start.

2. EFW isolation valves have failed to open if closed.

The symptoms will be typical of a loss of primary to secondary heat
transfer. OTSG level will decrease with eventual dry out of both
OTSGs. RC temperature will increase along with a rise in pres-
surizer level and pressure. (See Figure D-8.) Some RC flow may
continue even after the OTSGs are dry (i.e., not removing any heat).
The increasing hot leg temperature maintains a density difference
between cold and hot legs. ﬁowever, this is not stable natural
circulation nor does this flow adequately cool the core for long

periods of time.
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At Step 10.0 of Part I, Section II, the operator will see that pri-
mary to secondary heat transfer has been lost. Step 10.0 will
direct him to follow Section III.B for loss of heat transfer. EFW
will be regained or the plant will be placed into HPI cooling and
brought to a stable shutdown.

Loss of Secondary Inventory (High)

A loss of secondary inventory (high) exists whenever .significantly
more emergency feedwater is being injected into one or both steam
generators than is required to remove the existing decay heat. The
symptoms and corrective actions for excessive EFW are discussed in
Appendix A and will not be repeated here. However, it should be
‘ emphasized that draining of the pressurizer due to overcooling may
result in void formation in the primary. This may lead to an accumu-
lation of steam atl the top of each hot leg and a loss of natural
circulation cooling. Chapter D in Volume 1 of Part II discusses
methods of recovery from this condition and following the procedures
in Section III.B of Part I, "Lack of Primary to Secondary Heat
. Transfer," will restore natural circulation or lead to core cooling

with HPI,

Loss of Primary Pressure Control (Low)

During a LOOP, a loss of primary pressure control (low) can be the

result of:

. (D) Power being lost to all presurizer heaters.

(2) The pressurizer draining.
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All pressurizer heaters are powered after a LOOP by the hydro
generators. These heaters will compensate for ambient heat losses.
If all heaters are lost, the steam bubble in the pressurizer will
cool and condense. Eventually the bubble will collapse,vthe pres-

surizer will fill and primary pressure control will be lost.

An operator using Part I, Section II, will not diagnose the loss of
heaters until subcooling margin is lost. However, this is a very
slow process and the operator should have ample time to diagnose the
event using a P-T diagram. The required operator actions are to
regain the pressurizer heaters or increase makeup to compensate for

the collapsing steam bubble,

The pressurizer may drain on an overcooling event (excessive EFW or
stuck open steam line valve). If it does, control of primary pres-
sure will be lost. RCS pressure will fhen approach the saturation
pressure of the primary temperature. As long as the primary tempera-
ture 'is less than 600F (saturation pressure equals 1500 psig), ES

will actuate and HPI cooling will begin.

An operator using Part I, Section II, will diagnose the overcooling
at Step 10.0. Section III.C will then instruct him on how to regain
subcooling margin (if it was lost) and how to take steps to stop the

overcooling and terminate the transient.
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Loss of Steam Pressure Control (Low)

A loss of steam pressure control exists whenever one or both steam
generators undergo a pressure reduction significantly below the
safety valve or TBS reseating set point. This is an overcooling
transient and will look similar (on the P-T diagram) to the small
. steam line break transient discussed in Appendix E. There is
nothing unique about loss of this control function coupled with a
loss of offsite power; therefore, it should be‘ic‘i.entified and

treated as discussed in Appendix E.

Loss of All Power Except Batteries

A loss of all power (or station blackout) exists when both hydro
e generators fail to start after a LOOP. Thereafter, until the Lee
station is on line or one of the Keowee generators is started, the
only power availabile to the plant auxiliaries are the 125V DC
battery banks. This results is a loss of power to the following

major components in addition to those lost due to the LOOP.

. - All EFW isolation valves (however, the valves are normally open)
- The motor driven EFW pump
- All makeup pumps
- Pressurizer heaters

- Instrument air compressors

DATE : -2%- .
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This event is one of the most serious that can happen to a pressur-
ized water reactor. The main feedwater pumps have tripped placing
the plant into a loss of feedwater transient. The plant relies on
only the steam driven EFW pump for the injection of EFQ into the
steam generator for natural circulation. The HP1I pumps are not
powered and thus HPI cooling cannot be initiated. However, the
operator must establish cooling water flow to the steam driven tur-

bine within 12 minutes.

This situation cannot bé maintained indefinitely because of the lack
of primary inventory control and a finite supply of good quality
secondary water. Therefore, the operator should get at least one
hydro generator running or lineup power via the Lee station 100 kv
feeder so that EFW and makeup can be remotely initiated and

controlled.

Since the pressurizer heatersland makeup pumps have lost power, the
operator has no control of primary pressure or inventpry. Any voids
that form in the primary will tend to accumulate in the hot leg and
obstruct natural circulation. Therefore, the plant may windup in
the boiler-condenser cooling mode. The operator should monitor
natural circulation and, if necessary, raise the steam generator

levels to 95% on the operate range.

An operator using the guidelines for a LOOP with no hydro generators

would first perform the immediate actions of Part I, Section I and
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verify vital system status in Section II. At Step 7.0 he will b‘e
directed to start the Hydro generators and initiate emergency
feedwater. These are the two most important steps he can take to
regain control of the plant. In the long run, offsite power must be

regained or a hydro generator or the Lee station started before

‘ primary inventory control is lost.
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than 200 psi.

Large SGTRY

with

Table C-2 ACTIONS FOR A SGTR IN COMBINATION WITH A

NON- 1SOLABLE STEAM LEAK

Small SGTR? with

4. A small steam leak reduces steam pressure less
; than 200 psi and allows the reactor coolant to
. stabilize at a slightly reduced temperature

% condition.

ed

at a rate < 240 F/hr.
- After 500F is reached, the coo]down should be
at 100F/hr as long as that rate can be held.
cooldown rate should be reduced when the tube-
to-shell temperature . limit approaches 150F
(unless there is danger of draining the BWST).

Large steam leak® on Small steam leak" on ! Large steam leak® on Small steam leak" on
Affected® SG Unaffected® SG Affected® SG Unaffected® SG Affected® SG Unaffected® SG Affected® SG Unaffected® SG
Steam Leak Stop FW to af- Maintain mini- N/A N/A Maintain minimal Maintain minimal N/A N/A
Mitigation fected 0TSG mal FW to un- FW to affected FW to unaffected
Actions (tube Teak will affected 0TSG® 0TSG? 0TsG?
provide cooling)
0TSG(s) removing Both OTSGs Predominantly Both 0TSGs Both OTSGs Predominantly Predominantly Both 0TSGs Both OTSGs
heat when cooldown affected 0TSG “Unaffected 0TSG affected OTSG
and depressuriza-
tion started
SGTR Isolation N/A N/A Stop or reduce Stop or reduce N/A N/A Stop steam Stop steam
Actions feedwater to feedwater to from and FW to from and FW to
affected 0TSG affected 0TSG affected OTSG affected 0TSG
when Thot n when Thot v when Tgot < when Tgot <
500F (tube 500F (tube 540F .1 540F .1
, leak will pro- leak will pro-
vide cooling)?® vide cooling)?®
Cooldown Rates Emergency’ Emergency. Emergency Emergency Emergency Emergency’ if Emergency Emergency’ if
. condenser is condenser is
not available. not available.
Normal® if con- Normal® if con-
denser is work- denser is work-
ing. ing.
Notes:
1. Large SGTR corresponds to a primary to secondary 5. Affected OTSG is the 0TSG with the SGTR. 8. Normal cooldown means:
leak rate which requires HPI to control RCS in- ' : sk
: : - Tube-to-shel]l temperature limits do not exceed 100F
ventory. : 6. Unaffected OTSG is the Q0TSG without the SGTR. - Fuel pin compression 1imits should not be violated
2. Small SGTR corresponds to a primary to secondary 7. Emergency cooldown means: - The cooldown is at a "normal” rate
lgi2a§aaﬁ Zh;i2m1s within the capacity of the - Tube-to-shell temperature limits do not exceed 9. Provide minimal or periodic feeding to maintain tube-to-
y : 150F shell AT and/or natural circulation if RCPs are tripped.
: - Fuel pin compression limits may be violated
3. A large steam leak reduces steam pressure more - The RC temperature should be dropped to ~500F 10. If RCPs are tripped, provide minimal or periodic feeding

and steaming to maintain natural circulation in affected

Toop.
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; [f Tabie C-3 EFFECTS OF FAILURES ON STEAM
! | : |
g { ) GENERATOR TUBE LEAK CONTROL
; E |
o SHEET 1 OF 4
i
{ FAILURES WHICH AFFECT STEAM PRESSURE CONTROL
)
{
\
FAILURE EFFECT ON TUBE LEAK CONTROL AND PLANT COOLDOWN CORRECTIVE ACTION TO ALLOW A CONTROLLED COOLDOWN FAILURE EFFECT ON TUBE LEAK CONTROL AND PLANT TOOLDOWN CORRECTIVE ACTION TO ALLOW A CONTROLLED COOLDOWN
E SrEAM LER ) THE GENERAL APPROACH FOR COOLOOAN IS:
OTSG PRESSURE 1. - THE STEAM PRESSURE DECREASE WILL CAUSE REACTOR COOLANT - M LEAK WILL CODL THE REACTOR COOLANT TO 500F (OR OTSG PRESSURE 2, - THE EFFECTS OF ONE STEAM SAFETY VALVE FAILING OPEN - DETECT THE STEAM LEAK AS OUTLINED IN OTSG PRESSURE 1
TBS FAILS OPEN CONTRACTION AND IN COMBINATION WITH THE TUBE LEAK WILL LOWER DEPENDING ON THE LEAK RATE). IF THE COOLDOAN RATE IS MAIN STEAM ARE THE SAME AS IF ONE TBS VALVE FAILED OPEN (SEE
. NEARLY ALWAYS CAUSE PRESSURIZER DRAINING REGARDLESS OF THE RELATIVELY SLOW, THE OPERATOR CAN DEPRESSURIZE WITH THE RELTEF VALVE OTSG PRESSURE 1) EXCEPT T4AT A MAIN STEAM SAFEFY - STOP THE QVERCOOLING TRANSIENT BY STOPPING ALL FEEDNATER
{ NUMBER OF VALVES OPEN. VERY SMALL LEAKS (VALVE DOES NOT RESEAT PRESSURIZER SPRAYS, BUT CAREFUL CONTROL OF HPI TO MAINTAIN FALLS OPEN VALVE CANNOT BE CLOSED OR BLOCKED. TO THE GENERATOR WITH THE STEAM LEAK.
. TIGHTLY) WILL HAVE LITTLE EFFECT. PRESSURIZER LEVEL IS NEEDED. IF THE COOLDOWN RATE IS FAST IT - PROCEED WITH A A
/ IS BEST TO RESTORE STEAM PRESSURE CONTROL BEFORE - AS LONG AS FEEDWATER CONTINUES TO THE DEPRESSURIZED “aesr veToose gfwif;;gnpig?_??m 5 CUTLINED T T
. - THE TIME TO DEPRESSURIZE THE GENERATOR TO ABOUT 600 PSIG FOR DEPRESSURIZING THE RCS GENERATOR, OVERCODLING WILL CONTINUE. ’
EXAMPLE, WILL DEPEND ON THE NUMBER OF VALVES OPEN. SEVERAL ) - SINCE THE STEAM SAFETY VALVE CANNOT BE REPAIRED - CORRECTIVE ACTIONS FOR VOIDS SHOULD BE PERFORMED, IF
- . EST
A. A SINGLE VALVE CAN FAIL TO CLOSE AFTER OPENING: STEAM PRESSURE THE GENERATOR TO BE USED FOR COOLDOWN MAY OR MAY NOT
: PRESSLRE. OR BE THE ONE WITH THE TUBE LEAK
(IN ONE GENERATOR) WILL CROP TO ARDUND 600 PSIG 15 TO 20 STOP FEEDWATER 7O BOTH ATORS. (W ) :
MINUTES AFTER TRIP. - GENERATORS (WHEN LE"E,E EXISTS IN 80TH); - IF THE TUBE LEAK IS IN THE SAME GENERATOR AS THE FAILED
THE GENERATOR WITH THE FASTEST LEVEL DECREASE IS LEAKING. (NOTE: SAFETY VALVE THEN RADIOACTIVE RELEASES WILL BE VERY HIGH
B. A CONTROL SIGNAL ERFOR CAN CAUSE THE VALVES IN ONE STEAM LINE IF A LARGE TUBE LEAK EXISTS IN THE DEPRESSURIZED GENERATOR IT S LONG AS THE TUBE LEAX CONTINUES AND THE GENERATOR
TO FAIL OPEN; STEAM PRESSURE (IN ONE GENERATOR) WILL DROP T0 WILL COOL FASTER AND DEPRESSURIZE MORE THAN THE "GOOD" GENERATOR, STEAMS.
600 PSIG 8 T0 12 MINUTES AFTER TRIP. BUT LEVEL MAY NOT LOWER SIGNIFICANTLY).
C. A CONTROL SIGNAL ERROR CAN CAUSE ALL VALVES IN BOTH STEAM LINES - ONCE THE GENERATOR WITH THE STEAM LEAK HAS BEEN DETERMINED, STOP ' ‘
TO FAIL OPEN; STEAM PRESSURE (IN BOTH GENERATORS) WILL OROP TO FEEDWATER TO THAT GENERATOR (OR IF ALL FEEDWATER HAS BEEN STOPPED, |
600 PSIG 3 TO 5 MINUTES. RESTORE FEEDWATER TO THE GOOD GENERATOR) AND STABILIZE THE REACTOR OTSG PRESSURE 3. FAILURES RESULTING IN CLOSURE OF THE TBV'S CAN AT LEAST ONE T8V MUST BE OPERATIONAL TO COOLDOWN THE PLANT |
- THE EFFECT ON THE AMOLNT OF . COOLANT WITH HPI; CONTROL REMEAT REPRESSURIZATION BY CONTROLLING HPI FAILED CLOSED PRODUCE THE FOLLOWING CONDITIONS: SINCE OPERATION OF THE ADV'S IS PRESENTLY QUESTIONABLE. IT
UNT OF RCS CONTRACTION AND PRESSURIZER DRAINING AND BY CONTROLLING STEAM PRESSURE WITH THE TBS ON THE TBV(s) 1. AL TBV'S ON BOTH SG'S FAIL CLOSED IS ALSC DESIRABLE TO RESTORE CONTROL TG AS MANY TBV'S AS
: WILL DEPEND ON THE NUMBER OF VALVES OPEN, WHETHER FEEDWATER IS STOPPED GENERATOR THAT DOES NOT HAVE THE STEAM LEAK, - ’ '
O CONTINED, AND THE AHOUNT Or m FLON. ! . 2. ALL TBV'S ON ONE SG FAIL CLOSED. POSSIBLE TO ACHIEVE MAXIMUM COOLDOWN RATES AND USE OF NEAR
WeD - TO DETERMINE WHETHER THE LEAK IS THROUGH THE TBS OR THE STEAM SAFETY: - - 5. ON TBY FAILS CLOSED NORMAL COOLDOWN ACTIONS. IF TBV FAILURES ARE INDICATED,
- SUBCOOLING MARGIN WILL NOT BE LOST FOR SINGLE VALVE OPENINGS IF HPI IS VALVES. ' R i THE FOLLOWING CORRECTIVE ACTION SHOULD BE ATTEMPTED:
STARTED, BUT IT MAY BE LOST WHEN ALL THE TURBINE BYPASS VALVES FAIL OPEN. . ATTEMPT TO MANUALLY CLOSE THE TBS VALVES IN THE GENERATOR LOGP CLOSLRE OF THE TBV(S} PREVENTS STEAM DUMP TO THE CONDENSER
IF THE SUBCOOLING MARGIN 1S LOST RECOVERY WILL GCCUR WHEN HPL IS ARE 10 WITH THE STEAM LEAK (NOTE: IF THE TEV'S ARE VERIFIED AS BETNG Cr:z \:;A:ES b?[?i Oﬁs/trmgssor us: OF SECONDARY SAFETY 1. ATTE#PT REMOTE MANUAL CONTROL FROM THE CONTROL ROOM.
REFILL THE SYSTEM AND RESTORE PRESSURIZER LEVEL. SHUT AND THE OTSG REPRESSURIZES. THEN THE SAFETY VALVES CAN BE 0 co IMIT STEAM PRESSURE. 2. CHECK THE STATUS OF THE AIR SLPPLY SYSTEM AND START THE
- IF HPI IS ON, THE SUBCOOLING MARGIN WILL BE RECOVERED (IF IT WAS LOST) AND ELIMINATED.. CLOSURE OF ALL THE TBV'S ON BOTH STEAM GENERATORS REDLCES BACKUP AIR COMPRESSOR IF MECESSARY.
THE AMOUNT OF SUBCOOLING WILL INCREASE. THE TUBE LEAK FLOW WILL GET LARGER - VISUALLY EXAMINE THE TBS VALVES LOCALLY. ;PUM’DDLI::‘EL?TESLML';:izzL?EREchI‘SgLT:?:EL;HIg :;igsboss 3. IF ALL TBV'S ARE FAILED CLOSED AND ITEM 182 ABOVE FAIL,
q .
:FE:D ;?;ngu;mmmfmm‘ﬁ; g:o:;& Sr;cmn:;c :E:ETOF:D::‘ ngz_ﬂcggg Eﬁ:ﬁ? . ONCE THE PLANT HAS BEEN STABILIZED. CORRECTIONS CAN BE MADE TO O PRODLGE A vSTEm BERAVIOR (AN OVERCOOLING O ACTIONS TO RETURN THE ADV TO SERVICE SHOULD BE STARTED.
bilediie COOLANT TEMPES PERMIT COOLDOWN. THE METHOD FOR COOLDOWN WILL DEPEND ON WHETHER OVERHEATING TRANSIENT). PLANT COOLDOWN IS NOT POSSIRLE, 4. IF ONE OR MORE TBV ARE OPERATIVE ON ONE SG, A PLANT
. THE STEAM LEAK CAN BE CONTROLLED AND WILL DEPEND ON WHICH HOWEVER, UNTIL VARIABLE STEAM PRESSURE CONTROL IS COOLDONN PER THE ONE GENERATOR METHOD OUTLINED IN THE
- IF HPT AND OVERCOOLING CONTINUE AN NOT VIOLATION WILL OCCUR. (FSErERéTgRSHASS v::fr ;uez ;:g,ﬂgzga ms;srgzeago%$w¢ Bés chgEN o) RESTORED. IF PLANT COOLDOWN IS OELAYED FOR AN EXTENDED "BEST METHOD" SECTION SHOULO BE CONDUETED (EVEN IF™%.4E .
- LOOP VOIDS CAN FORM BECAUSE OF THE STEAM PRESSURE FAILURE THE TUBE LEAK WILL E;?:gn e SEPVICE G MANUALLY CONTROLLED TIME PERIOD, THE FOLLOWING CONSEQUENCES CAN EVOLVE: AFFECTED SG MUST BE CONTINLOUSLY STEAMED O COOLDOWN .
ALSO TEND TO REDUCE SUBCOOLING. THE SIZE OF THE VOIDS FORMED WILL DEPEND ON 10 FESTOME THE. 185 TD SERVICE ATTENPT MAMUAL GONTROL 'Mm e 1. THE LEAK RATE WILL CONTINUE, AND BWST INVENTORY WILL THE PLANT) .
THE MUMBER OF VALVES OPEN, THE SIZE OF THE TUBE LEAK AND HPT FLOW. NATURAL - V. SLOWLY. DECREASE. THE EVENTUAL LOSS OF MU
. . IF TBS OPERATION IS TEMPORAR
CIRCWLATION CAN BE LOST IF VOIDS IN THE LOOP ARE LARGE ENOUGH, AND VOIOS CAN HANQAAUTO STATION; IF THIS DOES NOT WORK THE BLOCK VALVES SHOULD CAPABILITY CAN LEAD TO AN ICC CONDITION. NGAGE A BACKUP SUPPLY OF w;;EEOiI}E:RzAmI:zzTTgm
FORM IN THE REACTOR VESSEL HEAD FOR THE LARGEST STEAM PRESSURE LOSSES. IF BE MANUALLY CONTROLLED AS A SUBSTITUTE FOR THE 7BS VALVES. THE 2. OVERFILL OF THE AFFECTED SG AND WATER ADDITION TO ALTERNATE FEEDWATER SOUS
VOIOS ARE FORMED IN THE HEAD AND REACTOR COOLANT PUMPS ARE NOT OPERATING, THE GENERATOR WITH THE TUBE LEAK SHOLLD GNLY BE STEAMED TO LIMIT THE ’ ey, o e | ONGE CONTROL
WATER LEVEL AND THE VALVES SHOULD OMLY BE OPENED AS NECESSARY TO THE STEAM LINE, DUE T0 PRIMARY 7O SECONDARY OF THE TBV'S OR ADV'S IS RESTORED, AN IMMEDIATE PLANT
STEAM BUBBLE WILL LIMIT THE COOLDOWN BECAUSE IT WILL NOT PERMIT DEPRESSURIZATION. S WITH THE GENERATOR LEAKAGE, CANNOT BE PREVENTED COOLDOWN AND DEPRESSURIZATION SHOU
HPI ALONE CANNOT ELIMINATE THE VOIDS; HEAT MUST BE REMOVED BY THE STEAM GENERATOR KEEP THE WATER LEVEL LOW. COOLOONN SHOLD i LD BE STARTED.
TO COMPLETELY GLIMINATE VOIDS. BUT HPI WILL REDUCE THE VOLLME OF THE VOIOS. ALTHOUT THE TUBE LEAK UNLESS THE PROPER RATE OF COOLDOMN 3. FEEDNATER SOURCES WILL BE SLOWLY DEPLETED: A LOSS
CANNDT BE MAINTAINED. OF ALL FEEDWATER WILL REQUIRE DEPENDENCE ON HPI TO
- LARGE STEAM LEAKS WILL CAUSE AN UNCONTROLLED COOLDOWN. COOLDOWN WITH OPEN TBS VALVES KEEP THE CORE COOLED
WILL REQUIRE THAT THE FAILED TBV(S) BE BLOCKED CLOSED, THE VALVES BE REPAIRED SO THAT . )
THEY CAN BE USED FOR A CONTROLLED COOLDOWN, OR THAT FEEOWA x R FULLY IF KT ANV TIME DURING THE COOLOOM THE WATER LEVEL F THE ’ FAILURE OF ALL THE TBV'S ON ONE GENERATOR WILL REQUIRE
N, TER BE VERY CAREFUL AFFECTED GENERATOR APPROACHES 95% ON THE OPERATE RANGE A ONE SG COOLDOWN. IF THE AFFECTED SG MUST BE USED FOR
CONTROLLED TO A DEPRESSURIZED GENERATOR. REACTOR COOLANT OVERCOOLING CAN VIOLATE THE RATOR MUST BE STEAMED TO :
BECAUSE OF THE TUBE LEAK, THAT GENERATOR MU PLANT COOLDOWN, HIGHER STEAM PLANT CONTAMINATION AND
TUBE-TO-SHELL AT LIMITS AND PLACE THE TUBES IN TENSION. THIS MAY INCREASE THE TUBE HOULD BE LIMITED TO THE :
REDUCE THE LEVEL. FEEDWATER S| OFFSITE RELEASES WILL OCCUR. FAILURE OF ONE TBY DOES NOT
LEAK RATE IF THE TUBE CRACK IS PERPENDICULAR TO THE CENTERLINE OF THE TUBE. GENERATOR WITH THE TUBE LEAK TO AVOID FILLING THE GENERATOR ;
: IMPAIR PLANT COOLDOWN CAPABILITIES IN THAT EACH LOOP HAS
- IF THE CONDENSER IS WORKING, THE FAILED TURBINE BYPASS VALVES WILL DISCHARGE TO THE ENOUGH WATER LEVEL SHOULD BE MAINTAINED TO KEEP THE TUBE-TO- ., .. - AMPLE ADDITIONAL CAPACITY
CONDENSER; RADIATION RELEASES WILL BE REDUCED BY PARTITIONING. ~IF THE CONDENSER IS NOT SHELL AT IN LIMITS AND TO MAINTAIN NATURAL CIRCILATION. It . :

AVATLABLE, THE TURBINE BLOCK VALVES WILL ISOLATE THE LEAK AND RESTORE STEAM PRESSURE,
BUT RELEASES WILL GO TO THE ATMOSPHERE THROUGH THE STEAM SAFETY: VALVES AND THE MADV'S
(IF OPERABLE). COOLDOWN WILL BE VERY SLOW. HOWEVER, LOSS OF THE CONDENSER IS VERY
UNLIKELY SINCE THE GRAVITY FEED CIRCULATING WATER SYSTEM WILL SUPPLY BACKUP COOLING

\ WATER. LOSS OF GRIO PONER WILL AUTOMATICALLY SWITCH TO THE BACKUP SUPPLY FROM THE

h NORMAL CIRCULATING WATER PUMPS. HOWEVER, LOSS OF GRID POWER WILL TRIP THE AIR
COMPRESSOR SUPPLYING AIR TO THE TBS; WHEN THIS OCCURS THE TBS WILL SHUT. EITHER THE
NORMAL AIR SUPPLY MUST BE LOADED ON THE HYDRO BUS MANUALLY OR THE BACKUP AIR SUPPLY
MUST BE STARTED SO THAT THE TBS CAN BE CONTROLLED.

- IF THE OVERCOOLING HAS CAUSED VOIDS TO FORM IN LOOPS THEN !
SATURATION HAS EXISTED AND THE RC PUMPS HAVE BEEN TRIPPED. THE
HPI SYSTEM SHOWD BE STARTED TO REFILL THE SYSTEM AND TO RESTORE
SUBCOOLING. ALTHOUGH SUBCOOLING IS RESTORED, THE STEAM BUBBLES '
MAY STILL EXIST IN THE UPPER LOOPS OR IN THE HEAD. VOIOS CAN BE
R%DVED BY COOLING WITH THE STEAM GENERATORS. IF THE SYSTEM IS !
SUBCOOLED, THE RC PUMPS CAN BE RESTARTED AND RUN TO "WASH" THE
STEAM BUBBLE INTO THE STEAM GENERATCR WHERE IT CAN BE CONDENSED l
BY STEAM GENERATOR COOLING. 1IN NEARLY ALL CASES FOR TUBE LEAKS ,
THE HPI SYSTEM WILL RESTORE SUBCOOLING; SATURATION WILL CONTINUE
ONLY IF VERY LARGE TUBE LEAKS EXIST (MORE THAN ONE TUBE) OR IF
ANOTHER LOCA HAS ALSO OCCURRED. IN THESE REMOTE CASES THE “PUMP
RESTART CRITERIA" OF THE BEST METHODS" CHAPTER OF ATOG PART II

' SHOULD BE USED.

- IF THE RC PUMPS CANNOT BE RESTARTED, AND THE OVERCOOLING
HAS CAUSED VOIDS, THEN DEPRESSURIZATION CANNDT BE ACCOMPLISHED.
BACKUP SUPPLIES OF BORATED NATER FOR INJECTION SHOULD BE H
PREPARED.




FAILURE

OTSG_INVENTORY 1.
LOSS OF MAIN
FEEDNATER

OTSG_INVENTORY 2.

LOSS OF EFW TO OTSG
{MFW IS OFF)

OTSG_INVENTORY 3.

LOSS OF EFW/MFR 10
{ BOTH OTSG'S.

o

EFFECTS ON TUBE LEAK CONTROL AND PLANT COOLDOWN

LOSS OF MAIN FEEDWATER HAS NOQ EFFECT ON PLANT COOLDOWN,
IF EMERGENCY FEEDWATER IS STARTED.

THE RATE OF COOLDOWN WILL BE SLOWER IF ONLY ONE
GENERATOR IS USED FOR COOLDOWN. THE EFFECTS WILL

BE DIFFERENT OEPENDING ON AVAILABILITY OF OTHER
EQUIPMENT AND WHETHER THE GENERATOR HAS THE TUBE

LEAK.

IF THE RC PUMPS ARE OFF, AND EFW IS AVAILABLE TO

ONLY ONE GENERATOR THEN NO COOLING WILL OCCUR IN

THE OTHER GENERATOR UNLESS THE GENERATOR WITHOUT

EFN HAS A LARGE TUBE LEAK (LEAK WILL PROVIDE COOLING).
THE REACTOR COOLANT IN THE IDLE GENERATOR LOOP

WILL NOT CIRCULATE AND THE STAGNANT REACTOR COOLANT

MAY FLASH INTO STEAM AS THE RCS DEPRESSURIZED. IF

A SATURATED STEAM BUBBLE GROWS FURTHER,
DEPRESSURIZATION WILL BE SLOW, BECAUSE THE IDLE HOT
LEG WILL CONTROL THE PRESSURE. IF EFW IS ONLY
AVAILABLE TO THE GENERATOR WITH THE TUBE LEAK,

RELEASES WILL BE HIGH.

IF REACTOR COOLANT PUMPS ARE RUNNING, TUBE TEMPERATURES
WILL FCLLOW THE COOLDOWN BUT STEAM GENERATOR SHELL COOLING
WILL NOT OCCUR IN THE DRY GENERATOR. THE TUBE-TO-SHELL
TEMPERATURE LIMITS IN THE DRY GENERATOR MAY BE VIOLATED
DURING THE COOLDOWN UNLESS THE COOLDOWN RATE IS SLOWED.
IF THE COOLDOWN RATE IS SLOWED THEN THE POSSIBILITY OF
RUNNING OUT OF BHST INVENTORY INCREASES.

PLANT COOLDOWN CANNOT BE MANUALLY STARTED 'NTIL
FEEDNATER IS RESTORED. CORE COOLING MUST BE
MAINTAINED BY CONTINUED INJECTION OF HPI. GUIDANCE
FOR HPT COOLING IS PROVIDED IN THE “BACKUP COOLING"
SECTION OF THE ATOG GUIDELINES.

ta -

[T
FATLURES WHICH AFFECT STEAM GENERATOR INVENTORY CONTROL

Tanle C-3 EFFECTS OF FAILURES ON STEAM
GENERATOR TUBE LEAK CONTROL

l

CORRECTIVE ACTIONS TO ALLOW A CONTROLLED COOLDOWN !

WHEN MAIN FEEDWATER IS LOST THE OPERATOR SHOULD
VERIFY THAT EMERGENCY FEEOWATER STARTS AND
OELIVERS FLOW TO THE CORRECT STEAM GENERATOR.

EMERGENCY FEEDWATER MUST BE CONTROLLED If THE RC
PUMPS ARE TRIPPEC AND A HIGH OTSG LEVEL IS REQUIRED
S0 THAT OVERCOOLING EFFECTS WHICH MIGHT CAUSE
PRESSURIZER DRAINING WILL BE AVOIDED. A HIGH LEVEL
SHOULD BE AVOIOED IN THE OTSG WITH THE TUBE LEAK TO
LIMIT THE WATER ACCUMULATION; SUFFICIENT LEVEL
SHOULD BE BUILT TO PROVIDE SUBCOOLED NATURAL
CIRCULATION. THE TUBE LEAK WILL CONTINUE TO ADD
WATER TO THE OTSG AND IF THE EFW LEVEL IS HIGH,
STEAMING MAY BE REQUIRED TO PREVENT WATER ACCUMULATION
IN THE STEAM LINES.

WHEN EFW IS STARTED, THE STEAM SUPPLY TO THE EFW
PUMP TURBINE DRIVER SHOULD BE SWITCHED FROM THE
GENERATOR WITH THE TUBE LEAK TO THE “GOOD"

GENERATOR TO AVOID RADIOACTIVE RELEASES FROM THE '!
TURBINE EXHAUST TO THE ATMOSPHERE. !

THE EFW CROSSOVER VALVES MUST BE REALIGNED SO
THAT BOTH GENERATORS CAN BE FED. CONTROL OF
€FW SHOUWD BE AS LISTED IN "OTSG INVENTORY 1*
ABOVE .

IF EFW CANNOT BE RESTORED TO BOTH GENERATURS
THEN THE PLANT MUST BE COOLED DOWN USING THE
ONE GENERATOR METHOO OUTLINED IN THE "BEST
METHODS" SECTION.

0TSG_INVENTORY 5.
EFW OVERFEED (MFW

HPT COOLING (SEE "BACKUP COOLING") MUST BE INITIATED
TO MAINTAIN CORE COOLING. WITH A TOTAL LOSS OF
FEEDWATER, THE SG'S WILL BOIL DRY AND DEPRESSURIZE.
SOME COOLING OR RETENTION OF A SG WATER LEVEL MAY
OCCUR IN THE AFFECTED SG DUE TO THE PRIMARY-TO-
SECONDARY LEAKAGE. FEEDWATER (MAIN OR EF#) SHOULD

BE RESTORED TO AT LEAST ONE SG AS SOON AS POSSIBLE. R

A TIMELY RESTORATION OF PRIMARY TO SECONDARY HEAT
TRANSFER IS NECESSARY BECAUSE HPT COOLING PLACES A
BIG OEMAND ON BAST INVENTORY. SINCE THE BAST
INVENTORY IS NOT RECOVERABLE (I.E., LOST TO THE
SECONDARY FLANT THROUGH THE LEAK) THE POTENTIAL
FOR A LOSS OF CORE COOLING CAPABILITY INCREASES
PROPORTIGNATELY. WITH THE TIME PERIOD THAT HPI !
COOLING IS MAINTAINED. TIF LONG TERM RELIANCE ON HPI
COOLING REQUIRED, THE FOLLOWING ACTIONS/PRECAUTIONS
SHOULD BE REMEMBERED.

1. BE PREPARED TO ENGAGE A SUPPLY OF BORATED WATER
TO BACKUP THE BWST.

2. THE CORC EXIT THERMOCOUPLES SHOULD BE MONITORED
IF THE REACTOR COOLANT RETURNS SUBCOOLED.
APPROPRIATE ACTION (HPI THROTTLING) TO PREVENT
RV BRITTLE FRACTURE SHOULD BE TAKEN (SEE
»BEST METHODS FOR EQUIPMENT OPERATION").

3. ALIGN EFW SUPPLY FROM ONE OF THE OTHER THO
OCONEE UNITS. |

FAILURE

)
OTSG_INVENTORY 4.
MFW OVERFEED

STOPPED)

i

t

EFFECTS ON TUBE LEAK CONTROL AND PLANT COOLOOWN

A FATLURE WHICH CAUSES EXCESSIVE MFW TO ONE OR BOTH

GENERATORS CAN RESULT IN WATER IN THE STEAM LINES
AND CAUSE RCS OVERCOOLING. PRESSURIZER DRAINING
MAY OCCUR.

THE EXCESSIVE FEEDWATER ADDITION MUST BE STOPPED
PRIOR TO START OF COOLDOWN.

IF EXCESSIVE FEEDWATER IS ADDED TO THE GENERATOR
WITH THE TUBE LEAK, THE EXCESSIVE LEVEL MUST BE
STEAMED TO LOWER THE LEVEL TO NO MORE THAN 95% ON
THE OPERATE RANGE. DURING THIS STEAMING PERIOD
RADIOACTIVE RELEASES WILL CONTINUE.

WHEN STEAM GENERATOR LEVEL REACHED 90% ON THE
OPERATE RANGE, THE HIGH LEVEL LIMITER WILL TRIP
THE MAIN FEEOWATER PUMPS AND THE EFW PUMPS WILL
AUTOMATICALLY START.

- THE EFFECTS OF EFW OVERFEED ARE MUCH THE SAME AS
MFW OVERFEED (OTSG INVENTORY 4).

EFN OVERFEED WILL HAVE A GREATER OVERCOOLING AND
CONTRACTION EFFECT THAN MFW, CONSEQUENTLY
PRESSURIZER DRAINING IS MORE LIKELY.

IF THE OVERFEEDING CONTINUES, STEAM PRODUCTION
MAY STOP; WHEN THIS OCCURS THE EFW FEED PUMP
TURBINE DRIVER MAY SLOW DOWN, AND PUMPED FLOW
RATE MAY DECREASE. (THIS EFFECT DEPENDS ON THE
VOLUME OF STEAM TRAPPED IN THE STEAM LINES).
HONEVER, WHEN THE EXCESS FEEDWATER IS STOPPED,
THE EFN PUMP WILL RESUME NORMAL SPEED AS STEAM
PRODUCTION PICKS UP.

SHEET 2 OF 4

CORRECTIVE ACTIONS TO ALLOW A CONTROLLED COOLDOWN

CORRECTIVE ACTIONS TO STOP EXCESSIVE FEEDWATER ARE
SHOWNN IN ATOG APPENDIX A AND OTHER INFORMATION IS
SHOWN IN THE "ACCIDENT DIAGNOSIS AND MITIGATION"
CHAPTER. IN SUMMARY THOSE ACTIONS ARE:

1) ATTEMPT TO CLOSE THE FEEDWATER CONTROL VALVES
IF OVERFILL IS SLOW AND THE AFFECTED SG IS
0BVIOUS.

2) IF THE OVERFILL IS FAST OR THE CONTROL VALVES
CANNOT BE CLOSED STOP THE MFW PUMPS
- START EFH AND VERIFY OPERATION
- CONTROL EFW TO LIMIT OVERCOOLING

. IF THE PRESSURIZER HAS DRAINED, HPI MUST BE USED TO
RESTORE LEVEL.

TO LIMIT RELEASES AND TO LIMIT WATER ENTERING INTO
THE STEAM LINES THE GENERATOR WITH THE TUBE LEAK
SHOULD BE STEAMED TO LOWER THE WATER LEVEL TO AT

MOST 95% ON THE OPERATING RANGE. INTERMITTENT

OR CONTINUOUS STEAMING MAY BE REQUIRED TO MAINTAIN THE
WATER LEVEL AS THE LEAK CONTINUES TO ADD WATER AS THE
COOLDOWN CONTINUES. IF THE EXCESSIVE FEEDWATER WAS

IN THE GENERATOR WITHOUT THE TUBE LEAK IT MAY BE
STEAMED TO THE APPROPRIATE WATER LEVEL FOR OPERATION
(RC PUMPS "ON" OR "OFF"). ‘PLANT COOLDONN SHOULD BE
CONTROLLED BY THE “GOOD" STEAM GENERATOR.

- TO PERMIT COOLDOWN AT A REASONABLE RATE WATER MUST BE
ADDED TO THE STEAM GENERATOR WITH THE LEAK TO MAINTAIN
AN ACCEPTABLE TUBE-TO-SHELL AT. IF THE OVERFEED WAS
IN THAT GENERATOR, THERE SHOULD BE NO PROBLEM SINCE

A LARGE INVENTORY HAS ACCUMULATED. HONEVER, IF ALL
FEEDWATER WAS STOPPED TO ONE GENERATOR, AND IT BOILED
DRY, THEN A WATER LEVEL MUST BE ADDED TO ALLOW A
REASONABLE RATE OF COOLOOWN. IF MFW CANNOT BE USED
EFW CAN BE STARTED. 3

¥

CORRECTIVE ACTIONS FOR EFN OVERFEED ARE MUCH THE SAME

AS FOR MFW. THEY ARE SUMMARIZED HERE:

1) MANUALLY CLOSE THE EFW CONTROL VALVE TO THE OVERFILLING
STEAM GENERATOR.

2) IF THE CONTROL VALVE CANNOT BE CLOSED, THEN MANUALLY
CLOSE THE ISOLATION VALVE UPSTREAM OF THE CONTROL VALVE.

- ONCE THE OVERFEED HAS BEEN STOPPED, THE GENERATOR AND FEED
SYSTEM MUST BE RETURNED TO SERVICE FOR COOLOOWN. FEEDWATER
CONTROL MUST BE RE-ESTABLISHED. WHEN FEEDWATER WAS STOPPED,
THE GENERATOR KILL PROBABLY DRY OUT, UNLESS QUICK MANUAL
CONTROL STOPPED THE FEEDNATER AND ALSO CONTROLLED THE CONTROL
VALVE. TO PREPARE FOR COOLDOAN A WATER LEVEL MUST BE
RE-ESTABLISHED IN BOTH GENERATORS. A WATER LEVEL MUST
BE ESTABLISHED IN THE STEAM GENERATOR WITH THE TUBE
LEAK TO PERMIT SHELL COOLING (MAINTAIN CORRECT
TUBE-TO-SHELL AT) AND CONTINUOUS CONTROLLED FLOW MUST BE
AVAILABLE TO THE "GOOD" GENERATOR FOR COOLDOWN.

IN ORDER TO RESTORE THE FEEDMATER CONTROL THE FOLLOWING MAY
BE DONE:
1) MANUALLY CONTROL THE CONTROL YALVE
2) OPEN THE CONTROL VALVE WIDE, AND MANUALLY CONTROL
THE ISOLATION VALVE




FAILURE
RC PRESSURE 1

SPRAY VALVE FAILS
HON!

RC_PRESSURE 2.

PRESSURIZER SPRAYS
FAIL “OFF" (RC
PUMP OFF AND CAN'T
RESTART OR SPRAY
VALVE FAILED

SHUT OR
PRESSURIZER IS
WATER SOLID)

EFFECT ON TUBE LEAK CONTROL AND PLANT COOLDOWN

THE UNCONTROLLED ADDITION OF PRESSURIZER SPRAY WILL CAUSE
A SLOW DEPRESSURIZATION OF THE RCS BECAUSE THE SPRAY
CAPACITY IS HIGHER THAN THAT OF THE HEATERS. THE
TRANSIENT IS SLOW; BUT, IF IT LASTS LONG ENOUGH THE
SUBCOOLING MARGIN CAN BE LOST IF CORRECTIVE ACTION IS NOT
TAKEN. THE EFFECTS OF THE SPRAYS MAY BE COUNTERED BY

STEAM GENERATOR COOLING; IF THE PLANT IS CONTINUALLY
COOLED AND RC TEMPERATURE IS LOWERED THE SUBCOOLING

MARGIN MAY BE MAINTAINED. THE TIME TO LOSS OF SUBCOOLING
MARGIN WILL OEPEND ON THE DECAY HEAT RATE, HPT (MAKEUP)
FLON AND THE SIZE OF THE TUBE LEAK. THE RATE OF
DEPRESSURIZATION WILL ALSO DEPEND ON THE RATE OF SPRAY
FLOW, THE SPRAY TEMPERATURE, THE STEAM SPACE IN THE
PRESSURIZER (A SMALL STEAM VOLUME WILL ALLOW A GREATER RATE
OF DEPRESSURIZATION), AND THE NUMBER OF HEATERS OPERATING.
AS SUBCOOLING IS REDUCED THE LEAK RATE WILL LOWER: BUT
WHEN THE MARGIN IS LOST THE RC PUMPS MUST BE TRIPPED (SPRAY
WILL STOP) AND HPI TURNED ON FULL. SUBCOOLING WILL RETURN,
GUT UNLESS THE SPRAY CAN BE REPAIRED AND CONTROLLED, THE
PORV MUST BE USED TO DEPRESSURIZE THE PLANT.

NORMAL RCS PRESSURE CONTROL IS LOST. TUBE LEAK WILL
CONTINUE AT A HIGH RATE AS LONG AS RCS PRESSURE IS
HIGH. TO DEPRESSURIZE THE PLANT THE PORV MUST BE
UTILIZED.

FAILURES WHICH AFFECT RC PRESSURE CONTROL

CORRECTIVE ACTIONS TO ALLOWN A CONTROLLEQ COOLDOWN

SPRAY FLOW CONTROL WITH RC PUMPS RUNNING IS PREFERRED
FOR RCS DEPRESSURIZATION. TO REGAIN CONTROL FOR
DEPRESSURIZATION THE FOLLOWING STEPS MAY BE DONE (IN
ORDER OF PRIORITY):

1. ATTEMPT MANUAL CONTROL OF SPRAY VALVE

2. CLOSE THE SPRAY BLOCK VALVE. DEPRESSURIZATION FOR
CODLDOAN CAN BE BY OPENING AND CLOSING THE BLOCK
VALVE TO DEPRESSURIZE IN "STEPS" AS THE SYSTEM IS
COOLED BY REDUCING STEAM PRESSURE. A HIGHER THAN
"NORMAL" PRESSURIZER LEVEL WILL BE HELPFUL SINCE THE
PRESSURIZER LEVEL SHOULD STAY ON SCALE.

3. TRIPPING SELECTED RC PUMPS TO REDUCE THE SPRAY
FLOW (BUT KEEPING AT LEAST ONE RC PUMP ON TO
MAINTAIN FORCED CIRCULATION WHEN THE SUBCOOLING
MARGIN EXISTS). THE FOLLOWING TABLE WILL GIVE
GENERAL GUIDANCE FOR THE EFFECTS OF RUNNING
VARIOUS PUMPS (SPECIFIC GUIDANCE CANNOT BE GIVEN
BECAUSE THE TUBE LEAK RATE, PRESSURIZER STEAM
VOLUME, AND SPRAY TEMPERATURE WILL HAVE DIFFERENT
EFFECTS). THIS TABLE iAS CALCULATED FOR NORMAL
OPERATING CONDITIONS.

NUMBER OF RC PUMPS RUNNING SPRAY FLOW
(% FULL FLOW)

SPRAY LOOP OPPOSITE LOOP

2 2 100

2 1 92

2 0 84

1(SPRAY LINE NEXT TO 2 60
RUNNING PUMP)

1(SPRAY LINE NEXT TO 1
RUNNING PUMP)

1(SPRAY LINE NEXT TO 2
IDLE PUMP)

1(SPRAY LINE NEXT TO 0 41
RUNNING PUMP)

1(SPRAY LINE NEXT TO 1 38
IOLE PUMP)

1(SPRAY LINE NEXT TO 0 26
IDLE PUMP)

0 2 20

0 1 ~0

AS A RULE OF THUMB TRIPPING ONE PUMP IN EACH L.OOP RILL
PROVIOE A GOOD BALANCE BETWEEN THE SPRAY FLON RATE AND
THE HEATER CAPACITY. IT WILL ALSO PROVIDE GOOD FORCED
CIRCULATION FOR COOLDOWN.

TO DEPRESSURIZE THE PLANT USING THE PORV, AN OPEN-SHUT

OPERATION MUST BE UTILIZED. THE PLANT SHOULD BE CONTINUALLY

COOLED AND THEN DEPRESSURIZED INTERMITTENTLY BETAEEN THE

SUBCOOLED MARGIN LINE AND ~30F MORE SUBCOOLING. WHEN THE PORV

IS OPENED, BOTH PRESSURIZER LEVEL AND REACTOR COOLANT
SUBCOOLING. SHOULD BE MONITORED. IF PRESSURIZER LEVEL
DROPS BELOW ~ 40" OR THE REACTOR COOLANT SUBCOOLED
MARGIN IS APPROACHED, THE PORV SHOWLD BE CLOSED. AN
EXAMPLE OF THE PREFERRED P-T CONTROL METHOD IS SHOWN
IN FIGURE C-2 (SEE MODE 3 COOLDOWN).

IF THE PRESSURIZER IS WATER SOLID THEN A BUBBLE MUST
BE DRANN BEFORE DEPRESSURIZING WITH THE PORV. IF A
BUBBLE CANNOT BE DRAWN (HEATERS OFF) THEN THE RATE OF
DEPRESSURIZATION WITH WATER RELEASE THROUGH THE PORV
WNILL BE SLOW.

FAILURE

RC PRESSURE 3.

PRESSURIZER HEATERS
FATLED "ON"

RC PRESSURE 4.
PRESSURIZER HEATERS
FAILED "OFF"

RC PRESSURE 5.

PORY (OR BLOCK
VALVE) CLOSED
AND SPRAYS OFF

RC PRESSURE 6.

PRESSURIZER SAFETY
VALVE FAIL OPEN;
OR PORY FAILS

OPEN AND BLOCK
VALVE CANNOT BE
CLOSED.

Table C-3

EFFECT ON TUBE_LEAK CONTROL AND PLANT COOLDOWN

IT IS UNLIKELY THAT THIS WILL HAPPEN. AT HIGH
PRESSURES THE SPRAYS WILL OVERCOME THE HEATERS SO

NO EFFECT WILL BE FELT, BUT THE SPRAY FLOWN AILL
BALANCE THE HEATERS AT ~ 1300 PSIG RC PRESSURE AND
FURTHER DEPRESSURIZATION CANNOT OCCUR. IF THE

SPRAYS ARE OFF RC PRESSURE WILL SLOWLY INCREASE AS
LONG AS THE HEATERS ARE COVERED BY WATER; AUTOMATIC
INTERLOCKS WILL CUTOFF THE HEATERS IF PRESSURIZER
LEVEL IS LOW (UNLESS THE INTERLOCKS HAVE FAILED).
DEPENDING ON THE TUBE LEAK RATE THE HEATERS MIGHT H¢VE
7O BE USED TO CONTROL SUBCOOLING, ESPECIALLY TOWARD THE
LATER STAGES OF COOLDOAN WHEN THE COOLDOWN RATE IS
REDUCED. HOWEVER, FOR MOST CODLOONNS THE HEATERS ARE
NOT REQUIRED.

THIS IS MORE LIKELY THAN THE ABOVE. FOR MOST CASES LOSS
OF THE HEATERS WILL NOT AFFECT COOLDOWN, BUT IF THE TUBE
LEAK IS LARGE AND SUBCOOLING MARGIN IS LOST THEN HPI WILL
HAVE 7O BE USED TO REGAIN SUBCOOLING MARGIN DURING THE
COOLDOWN. PRESSURE CONTROL WILL BE DIFFICULTY IF THE
PRESSURIZER FILLS SOLID: THE TUBE LEAK RATE WILL INCREASE
AS RC PRESSURE RISES OR SUBCOOLED MARGIN IS INCREASED.

DEPRESSURIZATION IS NOT POSSIBLE; TUBE LEAK WILL CONTINUE.

THIS IS AN UN-ISOLABLE LOCA; HPI AND REACTOR COOLANT
EXPANSION FILL THE PRESSURIZER SOLID WITH WATER. EARLY
IN THE TRANSIENT THE REACTOR COOLANT MAY BE SATURATED
(DEPENDING ON NUMBER OF HPI PUMPS OPERATING, THE DECAY
HEAT LOAD, AND STEAM GENERATOR TEMPERATURE). THE TUBE
LEAK WILL CONTINUE AND WILL DEPEND ON THE AMOUNT OF
SUBCOOLING (WHICH DEPENDS ON HPI INJECTION RATE

AND STEAM GENERATOR SATURATED TEMPERATURE.)

EFFECTS OF FAILURES ON STEAM
GENERATOR TUBE LEAK CONTROL

SHEET 3 OF 4

CORRECTIVE ACTIONS TC ALLON A CONTROLLED COOLOOWN

MANUAL CUTOFF OF PRESSURIZER HEATERS SHOULD BE
TRIED. IF THAT FAILS THE BREAKERS CAN BE THROWN
TO CUTOFF PONER. IF SUBCOOLING MARGIN IS
APPROACHED THEN THE BREAKERS CAN BE RESTORED TO
CONTROL SUBCOOLING.

HEATERS ARE AUTOMATICALLY LOADED ON THE BUS CONNECTED

TO THE HYDRO UPON LOSS OF OFFSITE POWER. IF THE

HEATERS CANNOT BE POWERED, COOLDOWN AND DEPRESSURIZE

THE PLANT NORMALLY. IF SUBCOOLING MARGIN IS LOST THEN
START HPI AND ATTEMPT TO KEEP SUBCOOLING WITH A
PRESSURIZER BUBBLE BY REDUCING RCS TEMPERATURE WITH THE
STEAM GENERATOR. IF THE BUBBLE IS LOST SPRAYS BECOME
INEFFECTIVE AND THE PORV MUST BE USED FOR DEPRESSURIZATION
(AND TO RELIEVE HPI WATER). A SOLID WATER COOLDOWN IS
REQUIRED. 1IN MOST CASES CONTINUED COOLING WITH THE STEAM
GENERATORS WILL KEEP THE SUBCOOLED MARGIN.

PREPARE ADOITIONAL SOURCES OF BAST AND CONDENSATE.

A SOLID WATER COOLODOWN WILL BE REQUIRED WITH THE RCS
DEPRESSURIZATION RATE CONTROLLED BY THE DISCHARGE
PRESSURE OF THE HPI PUMPS.



FAILURE
RC_INVENTORY 1.

LOSS OF NORMAL
LETDOWN

RC INVENTORY 2.

TOO MUCH HPT
(OPERATOR ERROR-
FAILURE TO THROTTLE

HPI AFTER SUBCOOLED,

MARGIN REQUIREMENTS
ARE SATISFIED).

EFFECT ON TUBE LEAK CINTROL AND PLANT COOLDONN

THE LOSS OF LETOOWN PREVENTS THE USE OF FEEL AND BLEED

TO INCREASE THE RCS BORON CONCENTRATION QURING COOLDOWN.
IT ALSO PREVENTS THE USE OF NORMAL BORON SAMPLING. IN
SOME CASES THE COOLDOWN CONTRACTION MAY NOT PROVIDE
ENOUGH ADDITIONAL VOLUME TO ADD BIRON WITHOUT BLEED AND
FEED (FOR EXAMPLE, IF COOLDOWN STARTS WITH THE PRESSURIZER
AT A HIGH LEVEL).

- TOO MUCH HPI WILL RESULT IN WATER SOLID CONDITIONS,
WATER RELIEF QUT OF THE PRESSURIZER, AND HIGH RC
PRESSURES, THIS TENDS TO INCREASE THE PRIMARY-TO-
SECONDARY TUBE LEAK RATE. IF TOO MUCH MU IS ADDED
AT REDUCED RCS TEMPERATURES, NDT LIMITS CAN ALSO BE
VIOLATED.

A RESULTANT PORV/SAFETY VALVE FAILURE TO RESEAT CAUSED

BY WATER RELIEF WILL REQUIRE CONTINUED HPI. THE BWST
INVENTORY WILL BE ORAINED FASTER SINCE A PATH,IN
ADDITION TO THE TUBE FAILURES, EXISTS THRU WHICH

REACTOR COOLANT CAN BE LOST. ALTHOUGH WATER WILL BE
RETURNED TO THE SUMP THROUGH THE PRESSURIZER LEAK (I.E.,
CAN BE RECIRCULATED), COOLDOWN WILL BECOME MORE DIFFICULT
BECAUSE SYSTEM SATURATION WILL MOST LIKELY OCCUR EARLY IN
THE TRANSIENT AND WHEN SUBCOOLING IS RESTORED THE
PRESSURIZER WILL BE WATER SOLID. RECIRCULATION FROM THE
SUMP MAY OR MAY NOT BE POSSIBLE DEPENDING ON THE TRADE
OFF BETWEEN TUBE LEAK FLOW AND PRESSURIZER VALVE LOSS.

(NOTE:

CORRECTIVE ACTIONS TO ALLOW A CONTROLLED COOLDOWN

- ATTEMPT TO RESTORE LETDOWN; CAUSES OF FAILURE COU.D
INCLUDE CLOSED VALVES OR LOSS OF CC# TO THE LETDOAN
COOLERS.

ADDITION OF BORON WITHOUT LETDOWN CAN BE DONE BY
METHODS DEPENDING ON THE RCS INVENTORY AND WHETHER

IT HAS OR DOES NOT HAVE ADEQUATE SUBCOOLING. 1IN
EACH CASE BORON SAMPLING IS NOT POSSIBLE SO THE BORON
CALCULATIONS SHOULD ASSUME THAT THE CONCENTRATION IN
THE RCS IS THE SAME AS IT WAS PRIOR TO THE ACCIDENT
EVEN THOUGH HPI MAY HAVE INCREASED IT.

Table C-3

FAILURES WHICH AFFECT RC_INVENTORY CONTROL
OVERCOOLING AND OVERHEATING TRANSIENTS CAN CAUSE REACTOR COOLANT
EXPANSION OR CONTRACTION AND POSSIBLY RESULT IN LOOP VOIDING;
THESE ARE COVERED IN THE STEAM GENERATOR INVENTORY AND PRESSURE
CONTROL CHARTS)

FAILURE EFFECTS ON TUBE LEAK CONTROL AND PLANT COOLOONN

RC_INVENTORY 3.

NOT ENOUGH HPI/MAKEUP
(AUTOMATIC INITIATION

- OF ONLY ONE PUMP;
MANUAL INITIATION OF
ONLY ONE PUMP;
OPERATOR THROTTLES
PREMATURELY; FLOW
BLOCKAGE IN INJECTION
LINE)

FAILURE TO SUPPLY ENOUGH HPI TO MAKEUP FOR THE
PRIMARY- TO-SECONDARY {EAKAGE AND THE RCS
CONTRACTION VOLUME DURING COOLDOWN WILL RESULT
IN A LOSS OF PRESSURIZER LEVEL AND REACTOR
COOLANT SUBCOOLED MARGIN,

WHEN THE REACTOR COOLANT SATURATES, THE TUBE
LEAK RATE WILL DECREASE AND NATURAL CIRCULATION
MAY STOP.

f

DEPENDING ON THE TUBE LEAK RATE, ONC HPI PUMP

1.

IF SUBCOOLING IS AMPLE, REDUCE THE MAKEUP/HPI FLOW
AND COOL THE REACTOR COOLANT TO OBTAIN A VOLUME
CONTRACTION; ADD CONCENTRATED BORIC ACID TO THE
MAKEUP TANK AND INJECT TO OBTAIN A HIGH PRESSURIZER
LEVEL (NOTE: IF HPI IS OPERATING, THEN ONE MAKELP
PUMP MUST BE REALIGNED TO THE MAKEUP TANK, THE OTHER
HPI PUMP SHOULD STAY ALIGNED FOR ECCS INJECTION FOR
THE TUBE LEAK). THIS VOUUME CONTRACTION APPROACH
CAN BE REPEATED AS REQUIRED. STARTUP NEUTRON
MONITORS SHOULD BE CHECKED; IF THE COUNT RATE
INCREASES THE COOLDOWN SHOULD BE HALTED.

IF THE SYSTEM IS SATURATED OR NEAR SATURATION OR IF
HPT COOLING HAS BEEN USED AND THE SYSTEM IS WATER
SOLIO AND A PRESSURIZER BUBBLE CANNOT BE ORAWN, THEN
THE CONTRACTION METHOD CANNOT BE USED, CONTINUOUS
HPI INJECTION FROM THE BAST AND FLOA QUT THROUGH

THE PORV OR BREAK WILL ALLOW A FORM OF BLEED AND FEED
THAT WILL INCREASE THE CONCENTRATION SUFFICIENTLY FOR
SHUTDOAN (IF A LARGE VOLUME OF THE BWST IS PUMPED INTO
THE RCS).

HPI MUST BE CONTROLLED, TO ALLOW AN ORDERLY PLANT COOLDOMN
AND DEPRESSURIZATION, PER THE GUIDANCE PROVIDED IN THE "BEST
METHODS" SECTION. SHOULD A SOLID WATER SYSTEM EVOLVE, A
PRESSURIZER STEAM BUBBLE CAN BE RE-ESTABLISHED (TURN ON
HEATERS WHILE CODLING DOWN SLIGHTLY). IF A NON-ISOLABLE
VALVE FAILURE OCCURS, A SOLID WATER COOLDOWN AND
DEPRESSURIZATION WILL BE NECESSARY. WHEN SOLID, RCS PRESSURE
WILL BE CONTROLLED BY THE DISCHARGE HEAD OF THE HPI PUMPS.

IF DEPLETION OF THE BAST APPEARS POSSIBLE, RCS COOLDOAN SHOWD
BE ACCELERATED TO ENGAGE THE CORE FLOOD TANKS AND THE DHR
SYSTEM,

BACKUP SOURCES OF BORATED WATER SHOUWLD BE PREPARED FOR
INJECTION.

WILL RESTORE THE SUBCOOLING MARGIN, BUT THE
TIME WILL BE CONSIDERABLY LONGER THAN IF TWO
PUMPS WERE RUNNING.

COOLDOWN MAY BE SLOWER IF THE REACTOR COOLANT IS
SATURATED, OR IF THE RETURN TO SUBCOOLING IS
DELAYED,

EFFECTS OF FAILURES ON STEAM
GENERATOR TUBE LEAK CONTROL
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CORRECTIVE ACTIONS TO ALLOW A CONTROLLED COOLDOWN

- IF ONLY ONE HPI PUMP IS STARTED, AND THE SUBCOOLED
MARGIN IS LOST, START THE SECOND HPI PUMP (IF
POSSIBLE); OR IF BOTH PUMPS ARE RUNNING ENSURE
THAT THEY ARE RUNNING AT THE HIGHEST POSSIBLE FLOW
(~ 250 GPM PER INJECTION LINE).

- IF IT 1S NOT POSSIBLE TO START A SECOND HPI PUMP,
OR IF THE MAXIMUM POSSIBLE FLOW CANNOT BE ATTAINED
THROUGH THE INJECTION LINES (~ 250 GPM PER LINE),
THEN THE RCP'S MUST BE TRIPPED WHEN THE SUBCQOLED
MARGIN IS LOST. THE PLANT COOLDOWN METHOD WILL
DEPEND ON WHETHER SUBCOOLING IS RESTORED AND
WHETHER NATURAL CIRCULATION EXISTS (SEE “RC PUMP
RESTART CRITERIA" IN THE "BEST METHODS" CHAPTER).
IF THE RC PUMPS CANNDT BE RESTARTED THE REACTOR
COOLANT SYSTEM MUST BE DEPRESSURIZED USING THE PORV.
THE MOST LIKELY CONDITION TO OCCUR DURING COOLDOWN
IS RESTORATION OF THE SUBCOOLING MARGIN; NATURAL
CIRCULATION AILL PROBABLY EXIST AT ALL TIMES DURING
THE CODLDOWN (SATURATED OR SUBCOOLED). IF THE
SUBCOOLING MARGIN IS RESTORED, THE RC PUMPS CAN BE
RESTARTED AND COOLDOWN CAN PROCEED IN A STRAIGHT
FORNARD FASHION,

~



Reactor Coolant And Steam Qutlet Pressure-psig

.

Figure C-2 TYPICAL SYSTEM RESPONSE FOR LARGE
SGTR WHICH RESULTS IN A.
REACTOR TRIP

2600 ¢~
2400 |
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2200 b WINDOW \\\7 A
é 'L —— — oy
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SUBCOOLED
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1800
REGION
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1400 }-
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wo b _ SUBCOOLED MARGIN ™77 END POINT-POST TRIP WITH
LINE ,___; NATURAL CIRCULATION (Tygp)
| | i | i
400 450 500 550 600 650 700
Reactor Coolant And Steam Outlet Temperature-F
Reference Time
Points (Seconds ) Remarks
1 0 A SGTR occurs from 100% FP. (Initial leak rate ~ 400 gpm)
1-2 0-440 RC pressure and pressurizer level slowly drop.
® Pressurizer heaters come on;
e High MU flow alarm occurs.
Steam line and condenser radiation alarms sound.
2 440 Pressurizer level falls below 40 inches; pressurizer heaters
turn off automatically.
2-3 440-660 RC pressure and pressurizer level continue to drop because
the leak rate exceeds MU.
3 660 Reactor trips on variable low pressure (PRcs ~ 2000 psig).
3-4 660-680 The turbine trips; MFW runs back; the reactor coolant sub-
cooled margin is lost (RC pump trip required); ESAS actuated
on low RC pressure; HPI starts.
4 680 The pressurizer completely drains and the reactor coolant
is saturated.
4-5 680-900 The RC pumps are tripped and MFW is diverted to the upper
nozzles. The operator throttles MFW to prevent overcooling.
The reactor coolant subcooled margin is reestablished, and
the operator throttles HPI to stabilize pressurizer level
and system repressurization.
5 >900 The plant is stable with decay heat being removed by

natural circulation. The RC pumps can be restarted and a

plant cooldown and depressurization can be initiated. A

minimum subcooled margin is maintained to keep RC pressure

and leak rate low. .



Figure C-3 STEAM GENERATOR TUBE
RUPTURE LOGIC DIAGRAM

Sheet 1 of 2
MODE 1 MODE 2 , : - | MODE 3

NEAR "NORMAL'' COOLDOWN
EMERGENCY COOLDOWN WITH EMERGENCY COOLDOWN WITH
10 BE USED ¥HEN:
TWO STEAM GENERATORS ONE STEAM GENERATOR
3. CONDENSER 1S AYAILABLE 10 8 USED WHEN.
A COOLD0WN AND OEP! : u :
WD 2. TURE LEAR £5 SHALL CNORWAL SANEUP 1S AQEQUATE T o u?:x:i:%;:‘m::grn:ni ;::VI'L:II‘::HS A COOLDOWH AND DEPRESSURIZATION OF THE PLANT (5 REQUIRED 1D OECREASE THE PRINARY 10 SECONDARY LEARAGE AND 70 BE USED XuLN: z 1 cONDENSER 1S WY AVAILARL FLANT TS STAGLE TR GECAY WERT DEING REWGVED BT WFFECT
0 REPLALE THE REACITR GOOLINT 051y b ECAUSE: 10 PREVENT LIFTING THE SECOKDARY SAFETY YALYES ON THE AFFECTED S5, AN ENEAGENCY COOLDOWN AKD DEPRESSION, 1. CONDENSER IS NOT AVAILABLE PREPARE PLANT FOR ENERGENCY CODLDORN AXD DEPRESSURIZATION AN ERERGENCY PLANT COOLDDWN AND DEPRESSION IS NECESSARY BECAUSE THE PRIMARY T0 SECONDARY LEAKAGE CANNOT . t S WITH STEAN RECEASE TO THE CONDENSER OR ATRDSPHERE. PLANT IS STABLE WITH DECAY HEAT BEING RENOVED BY
P, ¥ BY REDUCING RCS PRESSURE. THE PRINARY 1D USING BOTH S6, SHOULO BE STARTED TO ACKIEVE ~l0C0 PSIG AND S00F. THE PERFERRED CODLODEN PATN IS ONE WHICH R, 2. TUBE LEAK IS LARGE (HPI IS REQUIAED 10 REPLACE ¥ ISOLATE LETDONK BE STOPPED ONTIL THE SCS 15 CONPLETEL? DEPRESSURIZED. TKE PLAKT GOOLOGNN SHOULO BF CONSTRUCTED 17K R, 2. TUBE LEAK IS LARGE (HPU IS RIQUIRED To REPLACE e e e s tEs stomet bt ONAFFECTED SE. THE AFFECTED $6 1S DEPRESSURIZED.
. 3 1 BLE SECONOARY LEAKAGE ¥ILL DECREASE. WININIZES REACTOR COOLANT SUBCOOLING: THE LOST REACTOR CODLANT) - 9§ TURN-OFF PRESSURIZER HEATERS HININUN REACTOR COOLANT SUBCOOLING TO DECREASE THE PRIMARY 10 SECONOARY LEAKAGE. THE LOST REACTOR CODLANT) STEAN LEAKS QR INABILITY 10 SUPPLY FEEOWATER REACTOR COOLANT LEAKING INTO THE AFFECTED SE WILL BE
‘S;:::I:N:N:Al::::l:n LEVELS ARE ;n: r:um VNS 1O ¥ 81 GECREASING RC TENPERATURE, THE POTENTIAL OF OR. 3. RCP's KOU AVAILABLE BEGIN ENERGENCY CODLODWN AND DEPRESSURIZE AT MAXINUN RATE OF, 3. RCP's NOT AVAILABLE BOILED OFF AND RELEASED TO THE ATMOSPHERE OR REACTOR
CTED S5, SHOULD THIS EQUIPHENT LHFTING THE STEAM SAFETT VALVES (RESULTS IN A 10 ~ 1000 PSIE AND SO0F USING BOTH STEAM GENERATORS AND 4. ONE STEAN GENERATOR £ITHER CAANOT'BE FED ®ITH BUILOINE {F & UNISOLABLE STEAM LEAK EXiSTS.
BE {NOPERATIVE OR SHOULD READING/ALARNS NOT [ —C O(RECT RELEASE 10 THE ATMOSPHERE) ON THE AFFECTED FEEONATER OR 17 CAMNOT HOLO STEAN PRESSURE.
CONCLUSIVELY (NOYCATE THE AFFECTED $G, BACKUP PREPARE PLANT FOR COOLDONN ¢ 5615 REDUCED,
DETECTION METHODS SKOULD BE STARTED. A PLANT CZOLOOTN OEPRESSURI ZATION
WITH SECONDARY SYSTEMS OPERA
AND DEPRESSURIZATION SKOULD BE CONTINUED USINE BOTH © ISOLATE LETOOM |nmm:3 :n;rlsguuluzlnliunu:f :;::;::: ::Du:c:u Ke——————————
::::;;NHIWIS FWHILE BACKLP DETECTION METHODS ARE (N § TURN OFF PRZ. HTR'S, 100F/HR WHILE WAINTAINING NININUN REACTDR COOUANT w0 2600
i :'“:: :n‘:‘ :"““’""‘ USING 80TH S6°5 AT SUBCOOL ING SHOLLD BE STARTED, R P O
4l ST TRI
CONTRE ACTION/LIKITS un vixoor e un inons
¥ A5 TRE PLANT IS COOLED AND DEPRESSURIZED, WU NUST 2200 | |
SF ADIUSTED 10 WAINTAIN PRI LEVEL STABLE. DO KOT - WAS THE AFFECTED SG BEEN L anf
ALLO¥ PRESSURIZER LEVEL T0 G0 QFF-SCALE LOW E POSITIVELY JOENTIFIED -
HAS THE AFFECTED SG BEEN BECAUSE TH)S CAN LEAD T0 & LOSS OF SUBCOOLING 1000 |- = 1000 | l: :T:LC:n::::s;; ::',::‘:::;‘:' STEAS FRON THE AFFECTE
POSITIVELY 1DENTIFIED? ARGIN (12, R PUNP TRIP. LOSS OF PRI SPRAYS. EFY 3 :?:‘E::“" S tis " l H SUBCOOLED J0¥'s) INTIL THE OWRS 16 Pt {i':‘;:[;::fu“" sOR o
- SUPERREAT w REGION SUPERKEAT N. THIS
ACTUATION, FULL WPV FLOS, POSSIBLE OVERCOOLING OF 3 2 L
W [ ves ) | < AEG1ON L REGION OPERATING HODE CAN PRODUCE VERY HIGH BFFSCTE DOSES.
{& ] L . % N PERFERRED PaTH APPROPREATE ACTION FOR A SITE ENERGENEY SHOULD BE STARTEO —()
z o = 1600 - {1F NOT ALREADY IN PROCRESS). PREPARE PLANT FOR EMERGENCY CODLOOWN &
fJ\ . ustNg = g ~ | 2 using QEPRESSURI ZATION (F THE AFFECTED SG (S OPEN T0 THE ATMOSPHERE, HIGH
Q ;I\ S el PRESSURIZER SPRAY = A5 SOON 45 Typy 15 < S40F 1SOLATE THE AFFECTED SE O: ATIENPT T0 1EHTIFY THE AFFECTED SG USING BACKUP S uesl PRESSURIZER PORY : DFFSITE DDSES CAN OCCUR.  APPROPRIATE ACTIDN FOR A SITE
eEcT & z -~ z e 1 1 ISOUATE LETOOWN i
ATTENPT 0 (DENTIFY THE AFFECTED S USING BACKUP AS SDON AS Tygy HAS BEEN REDUCED 10 < SAOF $SDLATE THE z . Ty © [y D TOIRI-POST ThE wiTe 8 CLOSING THE WAIN FEEDRATER BLOCK VALVES. EFW DETECTION WETHDDS, WHILE THE PLANT 15 BEING COOLED AND - Tuar) €10 POINT-FEST THap wmiTw SOLATE LETOD EMERGENCY SHOULD BE STARTED (IF KOT IN PROGRESS)
DETECTION KETHODS: AFFECTED S6 aY: ® 00 KOT ALLOW AUTONATIC £SFAS ACTUATION ON LO¥ RC S voop STeAm PREssRe g § Tegue? b ron narebdl INJECTION AND PUNP SUPPLY VALVES, TRY'S DEPRESSURI 26D, 2 0l JE— Z e ‘}"m‘:;:':“v;;g; 9 TURN OFF PRESSURIZER HEATERS
: - o ZRRIT
I WATER LEYEL IN AFFECTED SG NAY CONTIRUE TO RISE ABOYE PR PRESSURE 4S THIS RESULTS IN LOSS OF SERYICES 10 g umt ConcaaTion {1y, 8§ SEVICH BOTH WAIN AND EXERGENCY FEEOWATER STEAW H umt CCOLTION iy,  BIPass €5
CONTRIL SETPQINT WHEN FEEDNATER 1S STOPPED RAN FECOIATER BLOCK 4D EFE SUPPLY THE RC PUNPS.  BIPASS ESAS BEFORE RCS PRESSURE 3'wp __ SUPPLIES T0 THE UNAFFECTED & 10 LiuiT BEGIN EMIRGINCY COOLDORN & DEPRESSURIZATION 10 PUT
VALYES A0 THV'S OR0PS SELOY 1500 PSIG a .G et oriaatons o A EYEN THOUGH TKE AFFECTED SG HAS BEEN ISOLATED, THE -
¢ FRISK STEAN LINES LOCALLY 10 OETECT MISMATCH (N ' s ~ 50F SURCOOLING N PRINARY TO SECONDARY LEAKAGE RATE MAS NOT STOPPED FAOIDACTIVE CORTANINATION, ~30F mELON N OHRS INTD OPERATION
RADIATION LEVELS # SYITCH BOTH NAIN NG ERERGENCY FEEOMATER STEAN § CODLOOWN PLANT BY STEAN DUNP 7O CONDENSER AT UP £ wmof ror joieich i A b N Yot
© ORAY SG WATER SANPLES AND ANALYZE FOR ACTHYITY SUPPLIES TO THE UNAFFECTED S5, TO J00F/UR. USUALLT BOTW SG'S. WONITOR TUBE 10 & SATURATION [ 1 ronnres e s CONTINUE T0 RISE. THE AFFECTED SC SHOULD WOT BE SATURATtON =7 e sarsrerast e wite
LEVELS AND BORON CONCENTRATEON ‘:‘“ :;:::“":"‘“':"“:“|;:? ::::[:f::::'” Wl 5 UL wston corcuition (1,6, ALLONED 70 FLOOD BECAUSE TKE STEAN LINE 1S WOT o UL cecntanion f1,,00
AS HECESSART T0 AINTAIN <
CONTINGE PLANT COSLOQRN AKD DEPRESSUNIZATION USING BOTH DIFFERENCE (SEE AT06, PART 11, *BEST METHODS™) wl suBcoaLED BESIGNED 10 HOLO WATER. CONSEQUENTLY. THE WATER
s WAREIN LIRE ALEVEL IN THE AFFECTED S6 SKOULD BE WONITORED o Bttt
® DEPRESSURIZE THE PLANT USING THE PRESSURIZER PERIDOICALLY. IF TKE LEVEL (NCREASES ABOVE 958 QN HAS THE AFFECTED SC BEEN
L SPRAYS. ' L L T L 4 THE OPERATE RANGE, THE AFFECTED SG SHOULD BE 10ENTIFIED? ° L L L —L :
) 0 e 50 W09 i) o : T (1]
CONTINDE PLANT COOLGMN AND DEPRESSUR)ZATION USING 400 NOT EXCEED FUEL PIN CORPRESSION LINITS Neactor Coolant ana Steam Dutlet Temperature. F STEANED 70 THE CONDENSER OR ATMSPHERE T0 DECREASE ! 1Es 0 o e RN o . " G
NORMAL COOLDOYN LINITS, Wi7H STEAN RELEASE FI S an Dutle berature, LONTINUE PLANT COOLDOWN AD DEPRESSURIZATION USING Reactor Coolant and Steam Outiet Temperature. F
#on TH . OR WAINTAIN THE LEVEL BELOY 95% ON THE OPERATE START DKRS THEN PRIMARY PL7 CONO(TIONS PEREIT
UNAFFECTED SG T0 THE CONDENSER. = AT THE DHAS CUT 1N 82T RN RC PUIPS €1 TIBUT ADEQUATE Kesu a1 4 RANGE.  THIS ACTAON SDULD BE CONTINUED UNTIL THE UNAFFECTED S§ AT UP 70 (00F/KN. START OKRS WKEN P-§ POSSIBLE SETR v ’
CONDITIDNS, START THE DHRS. THEN, CONTINUE PLINT STSTEM PLT CONDITIONS WAICH COUCD CHISE FUEL LIFF. (00PS ARE GRAISED CONDTTIONS PERMIT. THEN CONTINUE COOLDOWN 10 COLD o S CONFINUE 70 CODLOONH 10 COLD SKUIOONN SO LO0P CAN 8E
COOLOORN TO COLD SHUTOOTN SO THAT THE LOGPS CAN BE TRIP PURP PER NORKAL PLANT LINITS AND PRECAUTIONS. ) SHUTOONN 50 THAT LOOPS CAN BE ORAINED ARD REPAIRS 0 . ORAINED AND REPAIRS STARTED.
DAKINED AXD REPAIRS STANTED. 8 IF THE TATER LEYEL (N THE AFFECTED SC OROPS. ADD 1t S IF A MON-ISOLATAELE STEAN LEAK EXISTS ON THE AFFECTED STARTED CONDITIONS (KDICATE & POSSYBLE SETR IN 8OTH SG°
WAS AFFECTED $G BEEN ADDITICHAL FEEDMATER 70 PREVENT BRYOUT. POST TRIP S6 OUTSIOE CONTAIMKENT (CONTAMINATED STEAM 1S BEING CONTINUE ENERGEKCY PLANT CODCDEN AN EPRESSUR ZATION 20
POSITIVELY 1DENTIFIED? T 2400 1 winpew RELEASED TO THE ATNOSPHERE). DON'T ISOLATE THE
W) TH STEAN RELEASE T0 THE CONDENSER OFFSITE - AFFECTED S6,  COOLDOWN THE PLAKT USING 30TH §6°S USING BOTH $G°S. (0 NOT 1SOLATE 4 $5) - rost i
L) I TES AELEASES SKDULO BE SWALL. PERSONNEL SHOULG BE L o *#1no0y
OISPATCHED 70 NOMITOR RAGIATION LEVEL OUTS)DE 5 om 20 b CONTINUE T0 WOWITOR THE WATER LEVEL IN'THE AFFECTED S¢, v
POSSISLE TUBE RUPTURE 1N BOTH 5575 CONTAIRKERT. s suncooLED 2 NATER MAY ACCUMULATE AFTER THE DHAS I PUT INTO
—{ 2 L REGION SUPERNEST = e | OPERATION. STEAW THE AFFECTED S& TG tINIT TRE WATER — >
CONOHTIONS INDICATE A POSSIBLE TUBE FAILURE IN BOTH S6'S. H REGION H SUBCO0LED LEYEL < 95% ON OPERATE RANGE. 17 THE SE CANNDT BE
CONTINUE PLANT COOLOORY AND DEPRESSURIATION PER N Evew TWOUeK THE AFTEGTED ST WAS SO TSILATET T I RECION okl STEMED OPEN 5§ DRAIN LINES IF POSSIBLE.
y . [ F "
WORMAL COOLDEN PROCEDURE USING BOTH S6°S | Priasnr 1o SECINDARY LEMKAGE RATE WS MGT STOPPED u;’::""’ i s ACCIDENT IS TERMINATED PROEARY TO
AT DHRS CUT N COMDITIONS, START THE DKRS. THEN T===T LONPLETELY. THE WATER LEVEL IN THE AFFECTED 56 ke . Z mb PERSERRED PATH SECONDARY LEARAGE 1S STOPPED AND THERE IS
CONTINGE CODLODT TG COLD SKUTOONN SO THE LOGPS CAN BE WAY CONTINUE T0 RISE. HE AFFECTED SG SHOULO %OT o1 rornrorast 11 wite 3 ustn N0 FURTHER POTENTIAL FOR DFFSITE RELEASES.,
ORAINED AND REFAINS STARTED. . BE ALLGTED T0 FLOOD BECAUSE THE STEAN LINE IS WOT . ot P rorces ccatanion (1 2 umb PRESSURIZER SPRAYS
OESISKEQ TO HOLD WATER. CONSEQUENTLY. THE WATER STEAR PRESSURE ¢ oo 4o cer . a (Tygp) £X0 POIBT-POST TEIF wiTH
LEVEL IN THE AFFECTED SG SHOULD BE MONITORED vy CIRCULATION (Tog, 0 3 1200 B feeces tircorant (r
* PERIODICALLY. IF THE LEVEL INCREASES AROVE 95§ Veeo = STEAN PRESSIME A, Tcowe) te0 ¥
N THE OFERATE RANGE, TRE AFFECTED S& SKDULD BE L "‘::“': E CIRCULATION (Tep,
" N B 3 <X
AZCIDENT 15 TERRIRATED, PRINARY TO STEANED T0 THE CONDCNSER TO DEGREASE e Ll < sL ortaaTing eouar
SECONDARY LEMKAGE (S STOPPED AND THERE 1S OR MALHTAIN THE LEVEL BELOY 955 B THE OPER ¢ SATURATI O e RToresT TP wiin s ~ SOF SUBCOOLED PEAATION (1,g7)
RANGE.  TRIS ACTSON SHOULE BE CONTINUED UNTIL THI el L D warveat coecutatian (1,41 1
N0 FURTHER POTENTIAL FOR DF! e-J et - 14
L OR DFFSITE RELEASES. LGOPS ARE DRAKED, FRON ~ S00F AND 1005 PSIG, INMEDIATELY BEGIN A CODLDOWN H SATUMTION =3 tas sorar-rest tair wiin
- B wl SUBCROLED AXD DEPRESSURI ZATHON AT UP 10 100F/KR USING THE | ok L aimenn coomiation (o)
| HARGEN Lokt UNAFFECTED SG (DR BOTH $6°S §F & SCTR IS SUSPECTED SN N -
EACH) WKILE WAINTAINING WININUN REACTOR COOLANT SUBCOOLED
1 s y o WARGIN LINg
58 [ 58 T 3] 7ol SUBCODLING.  (USE CORTROL TECHNIE ILLUSTRATED (N -1
Aeactar Castant ans Steam Gutiet Tampersturs, F DIAGRAN SHOWN AT THE INKEQIATE:LEFT. ¢ y S TE— 3 4
0 sy 510 0 09 G
REFER Ta: REFER To;
| ATDS PART 1, SECTIDN. 111 D FOR PROCEDURE LTOGPART 1. SECTEON (1) D FOR PROCETURE ACTIDEKT 15 TERMINATED. PRIBARY T Reactor Coolant and Steas Dutiet Tmpersture,
ATOG PART 11, SECTION F *LOCA® FOR DI SCUSSIOK ATOG-PART 11, APPEKDIX C FOR D)SCUSSION SECONDARY LEARAGE 1§ STPPED MD THERE l
ATOG-PARY 111, APPENDIX £ "LOCK* FOR Q1SCUSSION 15 K0 FURTHER POTENTIAL FDR DFFSITE RELEASES
CONIRDL ACTIONS/LINITS: CONTROL ACTIONS/LINITS (IN ADDITION T0 THOSE MOTED (N
- COULDOW ERITIALLY USING BOTH S§ AT WAXIMUN RATE: DUKP STEAN TO ATOSPHERE, USING ADY'S, L0GHC BLOCK AT THE JNNEDIATE LEFT. )’ CONTROL ALTIONS/LINITS
1F CONDENSER 1S KOT AVAILABLE. ¥ DON'T LET THE AFFECTED SG FLOOD; STEAN AFFECTED S6 - CDOLOURN AND DEPRESSURIZE TKE PLANT. NAINTAINIXG WINISUN GEKERATOR COOLANT SUBCOOLING WAASIN (SEE
1F PRESSURIZER SPRAYS ARE WOT DPERATIVE, DEPRESSURIZE THE PRINARY SYSTEN USING THE PORY T0 CONDENSER/ATHGSPHERE AS NECESSARY 10 EEP THE P-T DIAGRAES ABOVE), T PUT DHRS INTD OPERATION.
COOL AND DEPRESSUNVIE THE RCS INTERNITTENTLY (BETSEEN THE SUBCOOLED WARGIN LINE AND ~30F MORF WATER LEVEL < 95% ON THE OPERATE MAKGE. . § DEPRESSURIZE WITH THE PRESSURIZER SPAAYS OR PORY. 1f USE OF THE PORY 1S NECESSARY, COOL AND
SUBCOOLING) AS SHOWW (N THE P-T QUAGRAN ASOVE. IF PRESSURIZER SPRAY IS AVAILABLE. § OF THE ASFECTED ST 1S (SOLATED, WONITOR TUBE 70 DEPRESSUNIZE THE RCS INTERMITTENTLY BETWEEN THE SUBCOLED MARGIN LINE AND~30F NORE SUBCOOLING
WAINTAIN ~50F SUBCOOL (NG, SHELL AT AND DECREASE COOLDOWN RATE AS NECESSARY T0 iF PRESSURITER SPRAYS ARE AYATLARLE, NAINTAIN APPROXINATELY iF
- TMROTTLE HPI/NY TO WAINTALN PRESSURIZER LEVEL-STEADY &5 PLANT 1§ COOLED AND DEPRESSURIZED ROT EXCEEQ THE EMERGERCY AT L(NIT OF $S0F. ADD & COOLOONN BY REDUCING STEAN PRESSURE USING THE T6S DR WADY 3
0 WOT ALLGY PRESSURIZER LEYEL TO G0 OFF SCALE LOB BECAUSE A LOSS OF SUBCOOLING NAREIN FEEOVATER 10 ISOLATED 5G 10 WININIZE THE TUBE T0 : v
BILL OCCuR, SHELL AT AS DIRECTED §N ATOG-PART ). “BEST NETHOOS" - COOLDOWN RAfES: (\:
FOR “CDOLDOWN #(Th ONE 6 OUT OF SERVICE", ¥ NAINTAI% GAXINUN RATE UNTIL Tn < S00F. - ! 5
- BTPASS ESAS AT AN RC PRESSURE ABOYE 1600 PSIG TO AYOID LOSS OF SERVICES 10 THE RC PLAPS, ¥ DON'T RUN HPI PUXPS AT LY FLOY CONDITDKS (~ 35 P © WAINTAIN ~ 100F/HR WHEN Tn < SO0F UNTIL THE 'EMERGENCT" TUBE 10 SHELL LINIT OF (50F )5 REACHED. v :
OR LESS). AS RCS PRESSURE IS REDUCED, THE PRIKARY © SLOT COOLBON, AS NECESSARY, 10 WOT EXCEED ENERGENCY FUBE T0 SHELL TENPERATURE LIMJES GF 1505
- THIS 15 AN ENERGEKCY CODLOOWN, FUEL GONPRESSION LINITS 0O NOT APPLY. 10 SECONDARY LEAK RATC WILL DRDP. USE ORNAL KU . o : I
WHEN POSSIBLE (SEE ATOG-PART 11, "GEST NETHODS®). -, ADD FEEUVATER 10 ISOLATED S 70 NINIWIZE THE TUBE TO SHELL 87 AS OFRECTED IN ATOG-PART 1), *B
FOR "COOLDON WITH ONE SE BUT OF SERYICE."
o IF THE COKDENSER AKD AC PUKPS ARE NOT AVALLABLE AND ) ) i
(1) BEST WATER IS RUNMING OUT [1] - THROTTLE HP1/MU TO MAINTAIN PRESSUNIZER LEVEL STEADY DETEEEN SG° AKD 100%. IF NP1 95 “ON™, START
(2) CODLDDRN NUST BE STOPPED 70 PREVENT (0SS OF NONEAL BY 1F PLANT CONDITIONS PEM)T (SEE ATOG-PART 11 SECTAON IE.)
SUBCODLING NARGIN N AFFECTED LODP AND THE < TNIS IS AN ESERGENCY CODLDOWN; FUEL CONPRESSION LINITS DO NGT APPLY. [N
AFFECTED GENERATOR WATER LEVEL 1S AT 955 OW . 2 S
THE OPERATE RANGE .
f START FEEDING TO AND INYTIATE STEANING OF THE |
AFFECTED SG. COOLOGIW THE PLANT USING BOTH S6°S
UNTIL THE DRAS CAN BE STARTEQ.

L2l oess—o3




STEAN LINE RAQVATION LEVELS ARE THE PRINARY NEMNS TO
ADENTIFY THE AFFECTED 38, SHOULD THIS EOUIPHENT

8E INOPERATIYE OR SHOULD READING/ALARNS NOT
CONCLUSIVELY INQICATE THE AFFECTED 5§, BACKUP
DETECTION NETNODS SOULD SE STANTED. 4 PLANT £ODLOONN
AND DEPRESSURIZATION SKOULD BE CONTIKUED USING BOTH
STEAW GENERATORS WAILE BACKUP DETECTION NETHODS ARE IN
PROGRESS.

MODE 1

NEAR "NORMAL™ COOLDOWN

0 9 USED WKEN:
CONDENSER 15 AYAILABLE

axp

TUBE LEAK IS SHALL (MOMMAL NAXEUP (S AQEQUATE
0 NEPLACE THE WEACTOR CODLANT LUST)

AND 3. RCPa AVAILABLE

PREPARE PLANT FOR COOLOOW
DEPRESSURIZATION

4 ISOLATE LETODEN

§ TURN QFF PRZ, HTR'S,
BEGIN PLANT COOLDONN USINE BOTH $G°S AT
uP T 100F/HR

A COOLDOWN AND DEPRESSURIZATION OF TRE PLANT MiNiNIZES
THE POTENTIAL DFFSITE DOSE WPACT OF A SGTR BECAUSE:

¥ BY REDUCING RCS PRESSURE, THE PRINARY TO
SECONDARY LEAKAGE WILL DECREASE.
BY QECREASENG RC TEMPERATURE, THE POTENTIAL OF
CUFTING THE STEAN SAFETY VALVES (RESULTS IN &
OIRECT RELEASE TO THE ATHOSPHERE) ON THE AFFECTED
56 15 REDULED.

®)TH SECONDARY SYSTESS DFERATING PROPERLY AND HCS
INVENTORY UNOER CONTROL & NORMAL COOLOOEN AT UP 10
VOOF/HR WHILE WAINTAINING MINIMUN REACTOR COOLANT
SUBCOOLING SHOULD BE STARTED.

CONTROL ACTIOW/L(NITS
4 AS THE PLANT IS COOLED AND DEPRESSURIZED, W4 WUST

WAS THE AFFECTED S§ BEEM
POSITIVELY VOENTIFIEDT

) |

J

L)
ATTERPY T0 I1DENTIFY THE AFFECTED SG USING BACKUP
BETECTION WETHODS:
BATER LEVEC 1§ AFFECTED SG MAY CONTENUE TO RISE ABOVE
CONTROL SETPDINT WHEN FECOWATER IS STOPPED
FMESK STEAR LINES LOCALLY TO DETECT NISNATCH IN
RADIATION LEVELS
DRAY SG WATER SANPLES AND ANMLYZE FOM ACTIVITY
LEVELS AND BORON CONCENTRATION
CONTIMUE PLANT COOLOONN AKD DEPRESSURIZATION USING BOTH
'S

KAS AFFECTED $G BEEN
POSITIVELY IDENTIFIED?

) [ v

3

AS SOON AS Typy HAS BEEN REDUCED T0 < 54DF ISDLATE THE
AFFECTED S BY:

CLOSING THE WAIN FECOTATER BLOCK AND EFW SUPPLY

POSSIBLE TUBE RUPTURE IN BOTH 56°S

3
CONOITIONS INDICATE A POSSIRLE TUBE FAILURE IN 8OTH SE'S.
CONTIMUE PLANT CODLEDWN AND DEPRESSUR) ZATION PER
NORMAL COGLOGWN PROCEDURE USING BOTH S§'S
T OHRS CUT 1R CONDITIONS, START THE DHRS. THEN
CONTINUE CODLODNN TO COLD SKUTDAWN SO THE LDGPS CAN BE
DRAINED AKD REPALRS STARTESD.

VALVES AND TBY'S

SWITCH BOTH NAIN AND ENERGENCY FEEDNATER STEAM
SUPPLIES To THE UNAFFECTED SG.

0

~
CONTINUE PLANT CODLEOYN AND OEPRESSURIZATION USING
KOMMAL COOLODNN LINITS, WITH STEAK RELEASE FRON THE
UNAFFECTED S TO THE CONDENSER. AT THE DHRS CUT IN
CONDITIONS, START THE OHRS. THEN, CONTINUE PLANT
COOLOOWN T0 COLD SHUTOONN ST THAT THE LOOPS CAN BE
ORACNED AND REPAIRS STARTED.

SCCIDENT IS TERNINATED.  PRINARY TO
SECONQARY LEAKAGE IS STOPPED AND THERE IS
NO FURTHER POTENTIAL FOR OFFSITE RELEASES.

8 ADJUSTED TO WAINTAIN PRZ. LEVEL STABLE. 00 NOT
ALLOY PRESSURIZER LEVEL TO & OFF-SCALE LOW
SECAUSE THIS CAN LEAD TO 4 LOSS OF SUBCOOLING
NARGIN (18, RC PUNP TRIP, LDSS OF PRZ. SPRAYS, ELFY
ACTUATION, FULL KPY FLOW, POSSIBLE OYERCODLIKG OF
xesy.

DO NOT ALLOW AUTOMATIC ESFAS ACTUATION ON 10¥ RC
PRESSURE AS THIS RESULTS IN LOSS OF SERVICES T0
THE AC PUNPS. 8YPASS ESAS BEFURE RCS PRESSURE
OROPS BELOW 1500 PSIG.

COOLDONN PLANT BY STEAN OUWP TO CONDENSER AT UP
T0 (ODF/HR, USUALLY BOTH SE‘S. MDNITOR TUBE TO
SHELL TENPERATURE DI FFERENCE AND SLOW COOLDOWN
AS NECESSARY T0 MAINTAIN < 100F TENPERATURE
OIFFERENCE (SEE ATOG, PART 11, “BEST RETHOOS")
DEPRESSURIZE THE PLANT USING THE PRESSURIZER
SPRATS.

DO NOT EXCEED FUEL PIN COMPRESSIQN LINITS

DON'T RUN RC PUNPS WITHOUT ADEQUATE NPSH OR AT
SYSTEM PAT CONDITIONS WKICH COULD CAUSE FUEL LIFT.

JRIP PUNP PER NORNAL PLANT LLKITS AND PRECAUTIONS. |

IF THE WATER LEVEL IN THE AFFECTED SG DROPS. 400
ADDITIONAL FEEOWATER TO PREVENT DRYQUT.

NOTE:
WITH STEAR RELEASE TO THE CONDENSER OFFSITE
RELEASES SHQULD BE SNALL. PERSONNEL SHOULD BE
OVSPATCNED T MONITOR RADIATEON LEVEL OUTSIOE
CONTAIRNENT,

® EVEW TWOUEK THE AFFECTED SE HAS BEEN 1SOLATED, THE
PRINARY T0 SECOKDARY LEAKAGE RATE HAS KT STOPPER
CONPLETELY. THE NATER LEVEL iN THE AFFECTED $§
WAY CONTINUE T0 RISE. THE AFFECTED SG SHOLLD NOT
F ALLOTED TO FLOOD BECAUSE THE STEAN LINE 3S ST

““OESIGNED 70 HOLD WATER. CONSEQUENTLY, TKE WATER
LEVEL (N THE AFFECTED SG SKOULD SE KONITORED
PERIODICALLY. IF THE LEVEL INCREASES ABOVE 855
ON THE OPERATE RANGE. THE AFFECTEO SG SHOULD BE
STEAMED T0 THE CONDENSER 70 DECREASE
OR MAINTAIN THE LEVEL BELOY 35% OK THE OPERATE
AANGE, THIS ACTION SKDULD BE CONTINUED UNTIL THE
LOOPS ARE DRAIKED.

A CODLOOWN AND DEPRESSURIZATION OF THE PLANT |S REQUIRED TO DECREASE THE PRIMARY T0 SECONDARY LEAXACE AND
TO PREVENT LIFTING THE SECONOARY SAFETY VALVES ON THE AFFECTED SE, AN EBERGENCY COOLDOWN AND DEPRESSION,
USING B0TH SG, SHOULO BE STAATED D ACHTEYE ~(000 PSIG AND 500F. THE PERFERMED COOLDAWN PATH (S ONE WHICH
MINIMIZES REACTON CODLANT SUBCOOLING:
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REFER T0.
ATOG PART ), SECTION. 111 D FOR PROCEOURE

ATOG PART 11, SECTION F "LOCA" FOR 01SCUSSION

EONTROL ACTIONS/LtRITS:

- COOLDAMN INITIALLY USING BOTH S6 AT WAXIKUN RATE;
IF CONDENSER 1S NDT AVAILABLE.
§F PRESSURITER SPRAYS ARE NOT DPERATIVE, DEPRESSURIZE THE PRIKARY STYSIEN USING THE PORY
COOL AND DEPRESSUREZE THE RCS INTERMITTENTLY (BETYEEN TKE SUSCOGLED WARGIN LINE AND ~30F MORE
SUBCOOLINE) AS SHOWN IN THE P-T DIAGRAM ASOVE. IF PRESSURIZER SPRAY IS AVAILABLE.
MAINTAIN ~50F SUBCOOLINE.
THROTILE HPA/ND TO WAINTAIN PRESSURIZER LEVEL STEADY AS PLANT 1S CODLED AND DEPRESSURIZED
DO WOT ALLOY PRESSURIZER LEVEL 70 60 OFF SCALE LO® BECAUSE A LOSS OF SUBCODLING WARGIN
WLL OCCUR,

NP STEAR TO ATMOSPHERE, USING AD¥'S,

BYPASS ESAS AT AN RC PRESSURE ABOYE 1500 PSIG TD AVDIQ LOSS OF SERVICES 0 THE RC PUNPS.
THIS 1S AN ERERGENCY COOLDOWN, FUEL CONPRESSION LINITS DO NOT APPLY.

MODE 2

EMERGENCY COOLDOWN WITH
TWO STEAM GENERATORS
70 BE USED WHEN:
CONDENSER 15 MOT AVAILARLE
R, 7. TUBE LEAK 1S LARGE (WPI IS AEGUIRED fQ REPLACE
THE LOST REACTON COOLANT)
OR, 3. RCP's NOT AVAILABLE

G
PREPARE PUANT FDR CNERGENCY COOLDONN AND DEPRESSURIZATION
& [SOLATE LETOONN
TURN-DFF PRESSURIZER HEATERS
BEGIN ENERCENCY CODLOONN AND OEPAESSURIZE AT MAXiMUN RATE
D ~ 1900°PSIG AND 500F USING BATH STEAN GENERATORS

HAS THE AFFECTED $€ BEEN
POSITIVELY 1DENTIFIER

Yes | o

»

& EVEW THOUGH THE AFFECTED SE HAS BEEN ISOLATED. TRE
PALNARY TO SECONDARY LEAKAGE RATE WAS NOT STOPPEO
CONPLETELY. THE WATER LEVEL IN THE AFFECTED SG NAY
CONTINUE TO RISE. THE AFFECTEQ SE SKOULD NOT BE
ALLOWED 70 FLOOD WECAUSE THE STEAN LINE 1S NOT
DESIGNED TO HOLD WATER. CONSEQUENTLY, THE WATER

P

S

AS SION AS Tygy IS < S4OF VSOLATE TKE AFFECTED SG BT
4 CLOSING THE NAIN FEEDRATER BLOCK VALVES, EFV

INJECTION AKD PUBF SUPPLT VALVES, TBY'S

SEATCH BOTH MAIN AND EMERGENCY FEEOWATER STEAN
SUPPLIES T0 THE UNAFFECTED SE To LINIT
RADIDACTIVE CONTANINATIDN,

MODE 3

EMERGENCY COOLDOWN WITH
ONE STEAM GENERATOR

S
ATTERPT 10 1DENTIFY THE AFFECTED SG USING BACKUP
DETECTION METHOOS, YHILE TRE PLANT IS BEING COBLED ANO
OEPRESSURI2ED,

LEYEL IN THE AFFECTED SE SHOULD BE WONSTORED

PERIODICALLY. IF THE LEVEL NCREASES ABOYE 95% ON
THE OPERATE RANGE, THE AFFECTEO S& SHOULO BE

HAS THE AFFECTED 56 BEEN
IDENTIFIED?

STEANED 70 THE CONDENSER O ATWOSPKERE TO OECREASE
OR MAINTAIN THE LEVEL DELOY 455 OH THE OPERATE
RANGE.  THIS ACTIOM SHOULQ BE CONTINUED UNTIL THE

0

S
CONTINUE PLANT COOLODEN AD QEPRESSURIZATION USING
UNAFFECTED S& AT UP TO 10DF/HR,

START DHRS WHEN P-T

TES

POSSIBLE SETR

CONDITIONS PERMIT. THEN CONTINUE COOLODYN TG COLB
ARE DRAINED. I BOTH 58S,
Lages ARE SHUTDONW SO THAT LOOPS CAN BE DRAINED AND REPAIRS 0
X AK EXISTS ON THE AFFECTED AR
4 BF & WON-ISOLATABLE STEAR LEAK staRre CONDITIONS INDICATE 4 POSSIBLE SGTR (N BDTH SG'S:

SG OUTSIOE CONTAIMNENT (CONTANINATEQ STEAN 1S BEING
RELEASED T0 THE ATMDSPHERE), DON'T §SOLATE THE
AFFECTED $&. COOLDON THE PLANT USING BOTH 56°S.

CONTINUE ERERGENCY PUANT CODLBCNN AND OEPRESSURIZATEON
USING BOTH SE°S. (00 MDY ISOLATE & S8)

FROM ~ 5S0UF AND 1000 PSIG, TMNEDIATELY BEGIN A CODLEOMN
ANO OEPRESSURIZATION AT UP T (DOF/HR USING THE |
UNAFFECTED SE (OR BOTH SE'S {F A SGTR IS SUSPECTED IN

EACH) WHILE WAINTAINING WININUR REACTOR CODLANY
SUBCODL ING. (USE CONTROL TECHNIQUE (LLUSTRATED IN P-T
DIAGRAN SHOWN AT THE INMEOIATE-LEFT.

o

REFER T0;
ATOG-PART |, SECTION 1)1 D FOR PROCEDURE
ATOG-PART (1. APPENDIX € FOR DISCUSStON
ATOG-PART 111, APPENDIX F “LOCA™ FOR DISCUSSION
CONTROL ACTIONS/LINITS (IN ADBIFIGN T THOSE KOTED IN
LOGIC BLOCK AT THE IMMEDIATE LEFT,)
& OON'T LET THE AFFECTEOD SG FLODD; STEAM AFFECTED 56
0 CONOENSER/ATMOSPHERE AS NECESSARY 10 KEEP THE

ACCEOENT 15 TERMINATED,

PRINARY T0

SECONDARY LEAKAGE IS STOPPED AND THERE
IS KD FURTHER POTENTIAL FOR DFFSATE RELEASES

FATER LEVEL € 958 ON THE OPERATE RANGE.

IF THE AFFECTED S& IS ISOLATED, EONITOR Tust TO

SHELL AT AND DECREASE COOLODEN RATE AS NECESSARY TD

NBT EXCEED THE EWERGENCY AT LINIT OF 15GF ADD

FEEQWATER 10 1SOLATED 56 TO MNI#IZE THE TSE 30

SKELL AT AS DIRECTED IN ATOS-PART 11, "BEST METHODS™

FOR "CODLOOWN ¥ITH ONE SE BUT OF SERVICE®.

DON'T RUN KPL PUNPS AT LOF FLOY CONDITIONS (~ 35 GPK

OR LESS). AS RCS PRESSURE 1S REODUCED, THE PRINARY

Tt SECONDARY LEAK RATE #ILL DROP. USE NOREAL WU

WHEN POSSIBLE (SEE ATOG-PART 11, “BEST METHODS").

IF THE CONDENSER AND AC PUNPS ARE NOT AVAILABLE AND

(1) BUST WATER 1S RUNNING OUT 113

(2) COOLDOAN NUST SE STOPPED 10 PREVENT LSS OF
SUBCOOL ING MARGIN N AFFECTED LOOP AND THE
AFFECTEQ GENERATOR WATER LEVEL IS AT 85% ON
THE OPERATE RANGE

START FEEDING TG AND INITIATE STEAMING OF THE

AEFECTED S6. COOLDOWN THE PLANT USING BOTH SE'S

UNTIL THE DHRS CAN BE STARTED.

CONTROL ACTIONS/LINITS

AN EWEAGENCY PLANT CDOLOORN AND DEPAESSION 1S WECESSARY BECAUSE TNE PRINARY 0 SECONDARY LEAKAGE CAWNOT
BE STOPPED UNTIL THE RCS (S COMPLETELY DEPRESSURIZED. THE PLANT COOLDOWN SWOULD BE CONSTAUCTED ®ITH
MININUY REACTOR COOLANT SUNCOOLING TO DECREASE THE PRIWARY T0 SECONOARY LEAKAGE.

0 BE USED WHEN:
1. CONGENSER IS NOT AVAILABLE
OR 2. TUBE LEAK )S LARGE (WPI S REQUIRED 10 AEPLACE
THE LOST REACTOR CODLANT)
OR, 3, RCP's NOT AVAILABLE
ANO 4. UNE STEAM GENERATOR ESTHER CANKOT BE FED ¥ITH

FEEQWATER OR | CANNOT HOLD STEAW PRESSUAE.

Figure C-3

STEAM GENERATOR TUBE
RUPTURE LOGIC DIAGRAM

Sheet 2 of 2

PLANT 1S STABLE WITH DECAY HEAT BEING RENOVED SY AFFECTED
SG WITH STEAN RELEASE T0 THE CONDEWSER OR ATMOSPHERE.
UNAFFECTED SG 1S 1S0LATED AND DEPRESSURIZED BECAUSE OF
STERW LEAKS 0A INABILITY 10 SUPPLY FEEDWATER.

PLANT IS STABLE WITH DECAY HEAT BEING RENOVED OY
UNAFFECTED SE, THE AFFECTED 6 IS DEPRESSURIZED,
REACTOR CODULANT LEAKING INTO TNE AFFECTED $6 MILL BE
B0ILED OFF AND RELEASEQ TO THE ATHOSPHERE OR REACTOR
BUILDING IF A UNISOLABLE STEAR LEAK EXISTS.

IF THE CONGENSON 1S XOT AYAILABLE, STEAM FRON TKE AFFECTEQ
SE UILL BE RELEASED TO THE ATMOSPHERE {(¥ik NSSY's O%
AD¥'z) UNTIL THE ONRS 1S PUT INTD CPERATION. THIS T
OPERATING KODE CAN PROZUCE YERY HIGH OFFSITE COSES.
APPROPRIATE ACTION FUA & SITE ENERGENC! SHOULD BE STANTED
(tF NOT ALREADY IN PRUGRESS),

'O

PREPARE PLANT FOR ENERGENCY CODLOOW &
OEPRESSURIZATION:
% ISOLATE LETOOWN
¥ TURN OFF PRESSURIZER HEATERS
¥ BYPASS ES
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OHRS NTO OPERATION
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COOLOOWN AND DEPRESSURIZE THE PLANT, MAINTAINING EINIMUE GENERATOR CCOLANT SUBCOOLING WARGIN (SEE
P-1 DIAGRANS ABOVE), T0 PUT OWRS INTO OPERATION
¥ DEPRESSURVZE WITH THE PRESSURIZER SPRAYS OR PRY. iF USE OF THE FORY IS NECESSARY, COBL AND
QEPRESSURIZE THE RCS INTERMMTTENTLY BETWEEN THE SUBCODLED WARGIN LINE AND~30F WORE SUBCOOLING
IF PRESSURIZER SPRAYS ARE AVAILABLE, WAINTAIN APPROXIMATELY

¢ COOLOOWN BY REQUCING STEAN PRESSURE USING THE 78S OR WADY.
COOLODUN RATES:
& WAINTALN WAXERUN RATE UNTIL Tn < 500F,
& MMNIAIN ~ VOUF/ER YHEN Tn € SOOF UNTIL THE ‘ENERGENCY' TUBE TO SHELL LINIT OF (SOF IS REACHED.
§ SLOW CODLDOWN, AS NECESSARY, TO NOT EXCEED ENERGENCY TUSE T0 SHELL TENPERATURE LINITS OF 150F.

A0D FEEDWATER 7D ISOLATED SC 1O MININIZE THE TUBE 7O SHELL AT AS DIRECTED IN ATOS-PART 11, "BEST METHODS™
FOR "COOLODYN WITH DNE S6 OUT OF SERVICE.”

THROTTLE WP(/WY TO MAINTAIN PRESSURIZER LEVEL STEADY BETNEEN 50" AND 100". [F HPI 1S “ON", STARY

NORWAL WY IF PLANT CONOITIGNS PERMIT (SEE ATOG-PART Il SECTION JE.)

THIS 1§ AN EKERGENCY COOLDDWN; FUEL CONPRESSION LINITS 00 NOT APPLY.

CONTINUE 70 WONKTOR THE WATES LEVEL TN THE AFFECTED SG.
WATER WAY ACCUNULATE AFTER SHE DHRS 1£ PUT INTO

3

START DHRS WWEN PRINARY PLT CONDITSONS
CONTINUE TO COGLDONN 70 COLD SHUTDOMM
DRAINED AND REPAIRS STARTED,

PERMIT,
S0 LOOP CAN BE

OPERATION. STEAN THE AFFECTED SE 70 LINIT TRE WATER
LEVEL 993 ON OPERATE RANGE. LF VHE S CAKNOT BE
STEANED OPEN SG DRAIN LINES VF POSSYBE.

>

ACCIDENT IS TERBINATED PRINARY 70
SECONDARY LEAKAGE IS STOPPED AND THERE 45

WO FURTKER POTENTIAL FOR OFFSITE

RELEASES.

IF THE AFFECTED $G IS OFEN 70 THE ATNDSPHERE, HIGH
OFFSITE DOSES CAM OCCUR,  APPRGPRIATE ACTION FOR A $ITE
EMERGENCY SHOULD BE STANTED ((F MOT IN PROGRESS)

Cb|| o255 -k
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Figure D-9 LOSS OF OFF-SITE POWER
DIAGRAM-0CONEE 111

EVENT RECOGNITION SYMPTOMS
EVENT RECONITION SYMPTONS Loss & STE HAIN SUCCESS PATH - THE P-T PLOT BELOR SHOWS TRENOS IN PRESSURE AND TEMPERATLRE FOR THIS EVENT
+ TV P-T DIATUAM GELOR SHOWS EPECTED TRENDS TN FRCSSURE 10 TENPERATLE OF STEAM PRESSURE CONTROL IMMEDIATE ACTIONS SLMURY . DECREASING STEAM PRESSRE DUE TO EFW QUENCHING OF THE STEAM
+ MAPID ECREASE IN OTSG LEVEL (FOR & COMPLETE LOSS OF FEEDRATER, THE OTSG SHOLLD BE DRY THES PATH WILL BE ESSENTIALLY THE SAME AS THE CORRESPONDING PATH ON THE EXCESSIVE LOSS OF OFFSITE . ATTEMPT TO RE-ENERGIZE 4160 BUS FROM LEE STATION
::s;n: ""‘"“m";mn LEVEL M0 G PRESSUEE FEEORATER LOGIC OTAGRAM (FIGURE A-T) RITH THE FOLLOAING EXCEPTION A PomeR  VERIFY HYORD CENERATORS HAVE STARTED ANO ARE LOAOING. - INCREASING OTSG LEVEL
- STEAM PRESSURE WILL DECREASE (AFTER OTSGS ARE ORY) (1) THE DRAINING OF THE PRESSURIZER OLE TO OVERCOOLING IS ESPECIALLY SERTOUS . + VERIFY STEAM AND KOTOR DRIVEN EFW PUMP KAYE STARTEQ ANO ARE FEEOING BOTH 97SG'S. - DECREASING PRESSURTZER LEVEL, RC PRESSURE AND TEMPERATURE
REFER TO AFTER A LOOP, ANY STEAM VOIOS IN THG PRIMARY WILL ACCUMUATE AT THE TOP OF REFER TO
- ATOG, PART I, SECTION II FOR PROCEDURE THE HOT LEG AND TEND TO OBSTRUGT NATLRAL CIRCWATION. . ATOG, PART 1. SECTION 11 FOR PROCEDE
- ATOG, PART I1, APPENDIX D FOR DISCUSSION EACTOR TRIPS OIS . ATOG, PART IT, APPENOIX D FOR DISCUSSION REFER T
RUNBACK (HIGH RC EVENT NECOGNITION SYMPTOMS . ATOG, PART I, SECTION II FOR PROCEDURE
PRESSURE ) - TME P-T PLOT BELOW SHONS TRENDS AFTER & LOOP - ATOG, PART 11, APPENDIX D FOR DISCUSSION
T - REACTOR AND TURBINE WILL PROBARLY TRIP ON WIGH PRESSURE WITHIN ~ 10 SECONDS AFTER GRID SEPARATION
9. - POMER WILL 8 LOST TD THE FOLLOWING MAJOR COMPONENTS
s (A) AL FOLR RC PUPS:
X 1 e
vwor THE INSTRUMENT AIR COMPRESSORS ARE NOT ON THE EMERGENCY BUSSES. THEY MUST :g; - % m‘f‘;"‘:‘fé‘ s nnf i
BE MANUALLY LDADED BY THE OPERATOR. LOSS OF INSTRUMENT AIR WILL AFFECT THE - LOSS OF POWER TO THE FOLLONING MAJOR COMPONENTS (0) ALL THREE COMPORENT CODLING MATER PLPS
nut FOLLONING 17EMS OF SPECIAL INTEREST. - EFW NOTOR DRIVEN P nul
1. CC MATER FLOW LOST TO CRDs. RCPs. LETOOWN COOLER AND QUENCH TANK STABLE PUANT REACTIVITY - ALL THREE MAKELP PUMPS - VOLTAGE INCICATION WItL BE LOST ON ALL MAIN FEETER BUSSES H
nml N CORER 1.6 SUPPORTING - ALL PRESSURIZER HEATERS 3 - BOTM HYDRO GENERATORS WILL START AND BEGIN LOADING WITHIN 23 SECONDS AFTER LOOP TN
it surtmgar 2. LETIOR FLOY 1S0LATED < INSTRIENT AIR COMPRESSORS CPERATOR GETS AT LEAST ~ OTH WAIN FEEDRATER PUWPS NILL TRIP, PROBAILY ON LUR SUCTION PRESSURE H e —
el pratvia 3. TURBDIE BYPASS FLOW ISOLATED -+ EPW ISOLATION VALVES (HONEVER, VALVES NORMALLY OPEN SO ONE HYORO GEN. STARTED 3 e RS
4. MAKELP FLOW ISOLATED FLOW PATH EXISTS TO 5.6.'S) N BOTH MOTOR DRIVEN EFW PUMPS AND THE STEAM DRIVEN €FW PUMP WILL START UP (N TRIP OF BOTH MFW PUMPS. <
nn} 5. MAEW CAPABILITY TO LDST LOST - LOW PRESSURE SERVICE WATER SYSTEM | o E ok
6. SEAL INJ CONTROL VALVES FAIL FULL OPEN - COMPONENT CODLING WATER SYSTEM H
unl 7. MAIN FEEDWATER CONTROL VALVES FAIL "AS IS" TURBINE THIPS (MO CAUSES & STEAM CONDENSER 15 AVAILABLE AFTER A LOCP BECAUSE - PERTINENT CONTROL LIMITS [N
" e 8. CONTROL OF EFN VALVES CAN BE MAINTAINED WITH N2 SUPPLY OTHERWISE PRESSURE INCREASE ) CIRCULATING WATER FLOW CONTINJES BY GRAVITY - PREVENT LOSS OF PRESSURIZER LEVEL INDICATION (HIGH OR LOW) a
(2111 - HRRI T VALVES FAIL FULL OPEN w [T —————— ] FLON TO TAIL RACE BY CONTROLLING THE COOLOOWN RATE. (I.E.) FOLLOW THE Q 1 oml
it 9. SOME WNI WILL READ ERRONEOUSLY. THESE INCLUDE TBS OPENS AND RESEATS PROPERLY EFW THROTTLING RULE) el Z STEAN PREssURE
A. CC WATER HEAER FLON | - - HYORD GENERATOR MUST BE RESTARTED OR OFFSLTE POMER B Ton SeTs roweR E v
- 8. (C WATER PUMP OISCHARGE HEADER PRESSURE STEA SAFETIES OPEN AND RESEAT REGAINED BEFORE PRIMARY INVENTORY CONTROL IS LOST. STATION 800 3
C. R8 SPRAY FLOW PROPERLY e ] W st T8 ]
D. 1B SPRAY PUMP DISCHARGE PRESSURE uw - jr) H -
E. DS Aow e : ° ok HIR et
F. IHMRS PUMP HEADER PRESSURE e o L-d
wh 6. BNST LEVEL STEAM LOADED IN ~ 15 MINUTES =
wNGIN LINE H. LOST PRESSURE PRESSURE. % nkl i BARGIN LIRE
. 2 ] 1. WL Flow CONTROLLED LETDOW STOPPED suntaoLen ) ) N )
M wt W B Tie J. WEP FLow | e ot ‘e I T Y ] Ty T
asctar Caslant sn0 Stess Sutlet Tamurerure. § K. KC PP SEAL FILTER 8P Aeactae Confant anm Stoam Qutley Tasporature, ¢
L. PC PLMP SEAL RETURN FILTER &P I ERLLL o
P &
CORRECTIVE ACTIOS AT LEAST DE HYORO LOSS OF ALL POWER EXCEPT BATTERIES T CORRECTIVE ACTIONS
- ATTEMPT TO REGAIN EFR INSTRSENT AIR CENERATOR STARTS oSS O AR = pross s - THROTILE EFR
COMPRESSOR STARTED CONTROL z - MAMUALLY INITIATE HPL
COOLANT PRESSLRE NTORY 3 7]
- IF PRIMARY TO SECOMDARY MEAT TRANSFER IS LOST, OPEN ERV, START THO HPT FLMPS AND BALANCE YES o INST. AIR PRESSURE WILL OECAY LI R ——"
HPT TO OHTADN MAXIMM FLON o ] v M Z LIMITS IMPORTANT TO THIS EVENT
EFN FLOW CONTROL. VALVE 2 - DO NOT ALLOW LIQUID IN STEAM LINES
LIMGTS IMPORTANT TO EVENT I I_____,——,\ - ONLY THE STEAM ORIVEN EFW PUMP WTLL STARY HAS BACKUP NITROGEN 3 Y MARAL SPLAKTIRG PeINTsRuLe . R
- THE OTSG IS DAY IN ~ 9 MINUTES 0 - - COOLING WATER MUST BE SUPPLIED 7O STEAM DAIVEN TUREINE PUMP SUPPLY. FOR VALVE s arenenion (Tl * 0O NOY ALLOW PRESSURIZER TO DRAIN
- T PRESSURIIER WILL EE FILLED IN ~ 15 MIMSTES START MAKELP 7 - WAKEUP PUMP BUSSES™4RE AUTOMATICALLY LOAGED ON| JACKET BY GRAVITY FEED FROM HIGH PRESS SERVICE WATER oPERATOR FlRa
il e GUNN— - LODP BUT MUST BE VANUALLY STARTED SYSTEM ELEVATED TANK BY MANUAL VALVE OPENING. PUMP CAN - T i e e e
i EVENT RECOGNITION SPTINS RCP SEAL INECTION ESTABLISD | IF THERE IS NO ES SIGNAL. GPERATE ONLY 12 TO 15 MIN. WITHOUT COOLING WATER wr [ frrewanion o
- THE P-T OTAGRAM WILL LOOK SIMILAR TO THE P-T DIAGRAM FOR THE MAIN SEAL THLVALVE WILL AUTO CLOSE AFTER ou SECUNDS 1 oLen
SUCCESS PATH, HOWEVER. FOR A GIVEN TEMPERATURE. THE PRESSUFRE WILL BE WITH NO SEAL INJ. REQUIRING SPECIAL PROCEDUFE L proseren
LOVER AND MAY APPROACH SATURATION. ] FOR REESTABLISHING SEAL INJ. FLOW, .
. .
- HIGH LEVEL AND PRESSURE ALARMS FOR LOST NAKELP AND LETOORN - C00LING WATER RETAINED TO LETOOMN COOLER - b Th
) AFTER LOOP IF THE OTSG LEVEL IS PACPERLY CONTROLLED AT 50% ON THE OPERATE
- PRE LEVEL W0 PRESSURE T . SEAL RETURN CLOSED ON TRIP OF RC L PLUS RAGE NATURAL CIRCULATION SHOWLD BE ESTALISHED AND THE DECAY
::;{—_ , - Yes | o Lom SEAL TNJ. FRDW OR LOSS OF CC WATER FLOW HEAT WILL BE REMOVED TO THE OTSG'S. IF NATURAL CIRCULATION IS
CORFECTIVE ACTIONS —~ Jross o pescTn AND LOW SEAL INJ. FLOW ~’:;Lés“‘:~é9:°'-nf;“m‘nlmswn - Brf:‘:ln 0 95% c"“:‘s OPERATE CORRECTIVE ACTIONS .
4 + ISULATE LETOOM E:Acrmxm!:;:s IwveNTORY (LOW) - BUEED VALVE AUTO SWITCH T0 LOST ON LOW LOST SAFETIES. THIS CONGLTION CANNOT BE MAINTAINED m:yn um':;xm - QPERATOR SOWD RESTATT WAELP 10 SEAL TWECTION AFTER THE 1 S K
NS (NDT ENOUGH WAKELP OR TOO LEVEL (1%} N AUTOMATICALLY LOADED ONTO THE KYDRO GENERATORS
CPERATOR RESTORES EFY SATURATED WOH LETDOM) " OF TD AS THERE IS NO METHID OF PRIMARY INVENTORY CONTROL
SEFORE. PRDUAY T0 REFER TO - MAKELP VALVE CONTROLLED BY PZR LEVEL (MAKELP) AND THE SOURCE OF SECONDARY SYSTEM FEEOWATER WILL BE - THROTTLE EFW PRESSURIZER DRAINS
SECONDARY HEAT TRANS. - ATOG, PARY I, SECTION IT FOR PROCEDURE - SEAL INJ. ISOLATED AFTER LOW SEAL INJ.FLOW THIS PATH IS THE SAME AS THE "LOSS OF | DEPLETED. . AFTER OTSG LEVEL REAGHES 50X ON THE OPERATE RANGE, LOAD AND RESTAAT INTERMEDIATE
FER IS LOST - ATOG, PARY IT, APPENDIX D FOR DISCUSSION S FOR ONE MINUTE SECONDARY INVENTORY CONTROL- (HIGH)" CODLING WATER PLMPS AND RE-ESTABLISH LETOOMN
PERTINENT CONTROL LIMITS EFW AUTO STARTS ON TRIP GF SANCH LIMITS IMPORTANT TO THIS EVENT
ves | W - MAINTAIN PRESSURIZER LEVEL INDICATION ON SCALE BY CONTROLLING MAKELP ES ACTUATES BOTH MEW FUMPS OR LOW - VERIFY OTSG LEVEL IS CONTROLLED AT 50% ON THE OPERATE RANGE €S ACTUATES
DISCRARGE PRESS OF BOTH M MORE  THAN
1 = " THIS PATH WILL €€ E; - DO NOT LET STEAM PRESSURE OECREASE BY ~ 100 PSI BELO® ITS SETPOINT .
L BE EXACILY THE
 E— SME AS THE CORRESPONDING
] LDSS OF REACTOR INVENTORY (HIGH) PATH ON THE EXCESSIVE FEED-
[Too UP, SEAL INJECTION OR HPI: WATER L GURE.
\J, v —_— MUCH MAKEL : os1e -
SECONA; OPERATDR STARTS EFW AT0 CONTOLS 0756 NOT ENOUGH LETDOM] OIAGRAM(FIGHE 4-7) IF TvE OTSG LEVEL RISE IS NOT STOPPED, THE STEAN it i
[ AND OPENS LEVEL TO SOX S.G. OPERATE - LINES WILL FILL AND MAY FAIL. IF THE STEAM LINES
CONTROL WL RANGE WHEN ALL FOUR RT PUPS FAIL THERE CAN BE EXTREME REACTOR OVERCOOLING AND
ARE TRIPPED POSSIBLE FUEL DAMAGE. YES NO
i LOSS OF SECONGAFY INVENTORY CONTRQL, (HMIGHD
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APPENDIX E

SMALL STEAM LEAK

1.0 GENERAL TRANSIENT DESCRIPTION

A small steam leak is a failure to control secondary pressure. It
. is an overcooling transient that results from too much primary to
secondary heat transfer.

A small steam leak is defined as los‘s of steam up to about 25% of
full flow. The largest 1leak assumed is that due to equipment
failure (failed open turbine bypass valves). Larger steam leaks
could exist only with piping failures; these are not as likely as
O component failures. However, the basic principies and sequence of

events to be discussed also apply to larger breaks.

The steam leak causes a power mismatch between the heat source (the
core) and the heat sink (the steam generators) and will cool the
reactor coolant down. The ICS will pull rods to increase core power
and maintain T,,. If initially the plant is operating at much less
‘ than full power, the.plant will stabilize with reactor power greater
than megawatt demand by an amount equal to the size of the steam
leak. Depending on the leak location and size the operator may be

able to locate and isolate the leak without tripping. For example,
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if the leak results from a stuck open TBS valve, the mass flow
through the leak goes to the condenser and the plant could operate
indefinitely. The only indication will be the reactor-turbine power
mismatch. An atmospheric leak will require makeup to p.revent the
hotwell from draining. Hotwell' level and condensate level as well
as visual inspection will indicate the leak. If, however, the leak ‘
is inside containment, an ES signal on high RB pressure will occur.
ES actuation will bappen in about ten minutes for a leak equivalent
to 1%Z full flow and in about twenty seconds for a leak equivalent to

25% full flow.

If the plant is initially near full power, the steam leak may result
in a reactor trip on high flux. Small leaks will not cause a ‘
reactor trip (up to about 3% flow) if the reactor is at high power.
After trip the RCS will continue to cool down and depressurize due
to the leak. The rate of cooldown will depend on prior power

history (decay heat level) and the size of the leak.

Small steam leaks do nét result in rapid overcooling and the reactor ‘
coolant temperature drop will not be severe. If no additional fail-
ures occur and the leak can be isolated, the plant may recover from
a leak as large as 25% with only a temporary loss of subcooled
margin. HPI will be actuated by ES and will recover RCS pressure,

although temporary drainage of the pressurizer may occur.
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After the leak is isolated, the operator would have to take manual
control of HPI and the TBV's to limit the RCS refill by limiting the

reactor coolant reheat and swell.

The following transient example is based on a leak equivalent to 25%
‘ full flow and occurs with maximum decay heat. A larger leak or
lower’ decay heat levels would result in a faster cooldown rate and
could cause RCS saturation. As an example, refer to‘ Figure 16 in
Volume 1 of Part II, "Diagnosis and Mitigation", showing the

expected response to a larger steam leak.

If the leak is unisolable the operator must isolate FW to the broken
‘ SG and allow it to boil dry. In addition, other failures may occur
which will require operator action. These are discussed in Section 3.0
of this appendix. Th.e operator should become familiar with the "Over-
cooling Diagnosis Chart", in Volume 1 of Part II, '"Diagnosis and

Mitigation".

‘ The P-T diagram and sequence of events shown in Figure E-1 depict a
typical small steam leak tramsient (stuck open TBS valves) that is

terminated by the operator.
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2.0 OPERATOR ACTIONS SUMMARY

Immediate Actions

- Start HPI if pressurizer level is less than 50" and RCS pressure

is decreasing.
If the leaking generator is obvious it should be isolated; but if
it is not obvious then both SG's should be isolated as follows: .
Close TBV's and common steam extraction lines (auxiliary steam
and EFW pump turbine supplies).
- Stop all feedwater to both SG's; watch levels; the generator with
the fastest level decrease is leaking; isolate it and restart

feedwater to the generator(s) which repressurize.

- Ffollow remainder of Part I, Section III.C. ‘

Identifying Symptoms

Small steam leak is an overcooling transient as shown below:
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Other key parameters to distinguish small steam leaks from other

overcooling transients are:

- Decreasing level and pressure in one or both SG's without
feedwater addition* (steam pressure will be lower than the

‘ 960 psig steam pressure limit)

- Near normal or low SG levels with feedwater addition

*NOTE: Excess MFW can cause a slightly reduced steam pressure in

the unaffected SG or slightly reduced pressure in affected

SG if flow is through the upper nozzles; excess EFW can

cause a large reduction of steam pressure in the affected

’ SG; however, in both cases the SG with reduced pressure
should have steady or increasing level indicating that

inventory is not being lost.

This section will present an example of a small steam leak and dis-
cuss how operator actions in accordance with Part I will terminate
‘ the transient and provide recovery to stable shutdown conditions.
The assumed transient will be the same shown 1in the previous

section, i.e., failed open TBS valves from 100% FP.

A failure of all TBS valves in the open position results in approxi-
mately 25% excess steam flow. The reactor will trip on high flux

. within about eighteen seconds, the turbine will trip, and the ICS
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will run back MFW, After the operator performs the immediate
actions in Part I, Section I, he will verify vital system status in
accordance with Section II. Steam pressure in both steam generators
will decrease fairly quickly ( ~ 70 seconds) below the normal
post—-trip pressure boundary of 960 psig. In step 12.0 of Section Il
the operator should note that primary to secondary heat transfer is '
excessive by observing lower than normal steam pressures and the
overcooling trend .indicated by the response on the P-T diagram.
(Refer to Figure E-2.) The proceduré directs the operator to

Section I1I.C.

Step 1.0 in III.C requires the operator to manually start HPI if
pressurizer level is below 50" and RCS pressure is decreasing. For .
this transient pressurizer level will go below 50" within about 60
seconds (see Figure E-3, '"Time Relationship of Key Parameters")
after trip, thus the operator will initiate HPI. Full HPI flow will
not compensate for the reactor coolant contraction rate for this
size leak; therefore, pressurizer refill and RCS repressurization
will not occur until the steam leak is isolated. Therefore, even .
with rapid isolation by the operator, a temporary loss of indicated
pressurizer level may be expected. Note that the graphs shown in
Figure E-3 represent automatic plant response, 1i.e., HPI 1is not

started manually at 50".
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Step 3.0 of III.C effectively isolates the steam generators from
most failures that would cause overcooling. Step 3.3 requires the
operator to place the TBV's in manual and close them. Successful
completion of this step will terminate the overcooling transient in
this case by isolating the leak. If the failure of the TBV's was
. such that it prevented manual closure (unlikely), the operator would
recoénize the failure and realizé the cause for overcooling. Since
the TBV's are failed open on both SG's he would have ‘to close both
TBS 1isolation valves to isolate the leak. If the operator can
perform these actions within 90 seconds, subcooling margin will not
be lost; therefore, the RC pumps will remain on and MFW will be
establishing the low level setpoint. However, if subcooled margin
‘ is lost (as shown in Figure E-1), it will be quickly regained once

the steam leak 1s isolated.

Once the steam leak and overcooling has been terminated, the
operator must perform a few actions to regain RCS inventory and
pressure control. At this stage in the transient he still has HPI
. flow and the RCS 1is slowly reheating and will continue to reheat,
without operator actions, until steam pressure increases to the MSRV

setpoint. The actions he should take are as follows:

- Maintain RCS temperature at the present value by regaining
control of the TBV's. If the TBV's had successfully closed

‘ under remote manual control then the operator can control
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RCS temperature with manual TBV control. 1f, however,

closure of the TBS 1isolation valves was required, he must

correct the problem with individual TBV control before

reopening the 1isolation valves. Since the HPI flow has

increased the RCS inventory, allowing the RCS to reheat to

the MSRV 1lift setpoints would result in a much higher

pressurizer level and possibly a full pressurizer. ‘
- Throttle HPI when the subcooling margin is restored by using

one HPI pump (preferably the normal makeup pump) and one in-

jection line (preferably the normal makeup nozzle with the

thermal sleeve). If the leak was isolated very rapidly and

subcooled margin was not lost the operator could have

Ehrottled HPI as soon as RCS pressure began to increase. ‘
- When pressurizer 1evell returns on-scale low and is increasing

(and the RCS 1is above the subcooled margin) the operator

should terminate HPI and realign for normal makeup/letdown

operation.

In the previous example, the operator followed the procedure in Part
I and terminated the transient in a timely manner. For this particu- .
lar example, the steam leak was isolable and steam pressure was

quickly restored.

The transient of most concern for the operator is an unisolable leak

in one SG upstream of extraction line isolation valves.

DATE: 3-23-82 . . Appendix E, Page E-8
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Turbine trip would ensure the leak is isolated from the good steam

BWNP-20007 (6-76)
generator. However, continued feeding and blowdown of the broken SG
would continue the overcooling (refer to Figure 16B in Part II). 1In
this case the operator must take action to isolate feedwater to the
broken SG and allow it to boil dry. He would then return to stable |
. shutdown conditions by controlling DH removal with the good SG.
\
If the steam leak is inside containment, it is likely an ES trip on
high RB pressure (4 psig) will occur. The trip will cause isolation
of LPSW and CCW for the RC pumps. A loss of LPSW for more than ten
minutes requires tripping of the RC pumps (refe; to RCP control ~in : |
‘ Part II, Chapter E, "Best Methods for Equipment Operation'"). It is
desirable, for this transient, to maintain forced circulation of
primary coolant as long as the RCS is above the subcooled margin.
Therefore, following the ES trip on RB pressure (within ten
minutes), the operator should take manual control and restore LPSW
;nd CCW flow. If, for some reason, seal injection flow is lost |
along with CCW, the operator must restore seal injection or CCW
@

within sixty seconds or trip the RC pumps. ‘
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3.0 SMALL STEAM LEAK WITH OTHER PLANT FAILURES

Introduction

The previous section described small steam leaks in general, but did
not discuss other failures that might also happen at the same time.
This section will show what symptoms to look for when other
equipment fails and will show what steps the operator should take to ’

restore the heat transfer from the core to the steam generators.

Figure E-4, "Small Steam Leak Logic Diagram", condenses the event
tree into the main transient path and branches for the major
failures that can occur in addition to the main transient. The P-T
diagrams are shown in Figure E-4. The effects on other parameters '

is shown in Figure E-3, "Time Relationship of Key Parameters".

The event that was chosen for simulation starts with the reactor at
power. A small steam leak occurs that may or may not result in a
reactor trip on high flux. If a trip does not occur, the plant will
stabilize with a power mismatch with the possible conditions given
in Note 1 on Figure E-4. The main path assumes a reactor trip does .
occur. All the data that is shown starts from the time of reactor
trip. The failures are shown to occur when a component has to oper-
ate (for example, after a reactor trip the ICS should automatically

run back MFW; the failure shown is that MFW does not run back).
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It must be remembered that all steam leaks will not look exactly
like the examples used. The primary purpose of these examples is to
promote operator familiarity with the symptoms and effects of steam

leaks.

Branth Discussion

Figure E-4 has separate failuré branches for loss of reactor coolant
inventory control (high and low),‘ loss of secondary inventory
control (high and low), and loss of secondary pressure control.
(Minor failures, such as 1loss of pressurizer heaters, have
relatively little impact on the overall transient. The operator has
‘ time to diagnose and correct such failures; therefore, they are not
shown.) Another valuable tool to facilitate operator recognition
and identification of overcooling transients is Figure 22, "Over-
cooling Diagnosis Chart", in Volume 1 of Part II, Chapter C
"Diagnosis and Mitigation'". The operator should become familiar

with this chart.

. Figure E-3 1is provi:ded to show key distinguishing parameters for
small steam leaks that have a time dependency important to the
operator in identifying both the type and severity of transient.
The parameter plots show typical responses to a steam leak
equivalent to 15% full flow with automatic HPI actution. Arrows,

. where used, show the effect of other failures and of operator

actions on the time relationship.
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Loss of Reactor Coolant Inventory Control (High)

A loss of reactor coolant inventory control (high) exists whenever
makeup or HPI flows are excessive causing the pressurizer to fill and
overpressurizing the RCS for the existing plant conditions. Steam
leaks in the range of approximately 25% of full flow, even assuming
maximum decay heat, will cause overcooling and RCS contraction rates ‘
greater than the full capacity of the HPI system. Therefore,
pressurizer refill and RCS repressurization should not begin to occur
until the steam leak is isolated (refer to Figure E-1 and sequence of
events in Section 1.0 of this appendix). Larger steam leaks or lower
decay heat levels would result in a faster cooldown rate and could
cause RCS saturation even with full HPI flow (refer to Figure 16 in ‘
Part II, "Diagnosis and Mitigation", to see the expected response to
a larger steam leak). However, for small steam leaks and when the
overcooling has been terminated, full HPI flow will more than
compensate for the coolant shrinkage and result in a rapid increase
in pressurizer level and RCS pressure. Rapid operator response may

be required to prevent a solid pressurizer and RCS overpressuriza-

tion. ‘

The operator actions required to restore proper RCS inventory and
pressure control are identical to those discussed in Appendix A under
"Loss of Reactor Coolant Inventory Control (High)". To accomplish

this objective, the operator must be able to control TBV's to limit

reheating of the RCS. ‘

DATE:
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Loss of Reactor Coolant Inventory Control (Low)

A loss of reactor coolant -inventory control (low) exists whenever
makeup or HPI flow is insufficient to overcome the primary leak rate

or (as in this case) the coolant contraction rate, resulting in

. drainage of the pressurizer.

Again, as in Appendix A, too liftle makeup or HPI flow is not a major
concern for this particular transilent. If the overcooling is
terminated before the pressurizer empties, the RCS will reheat and
the resultant swell will restore pressurizer level. If the over-

cooling continues, ES will actuate and HPI will automatically
‘ initiate.

Following the actions specified in III.A of Part I will restore pri-

mary system inventory control and subcooled margin.

Loss of Secondary Inventory Control (High)

A loss of secondary inventory control (high) exists whenever signi-
‘ ficantly more feedwater (main or emergency) is being injected into

one or both steam generators than is required by existing plant con-

ditions. It 1is an overcooling transient and response on the P-T

diagram is very similar to that of a small steam leak. Excessive

main feedwater can be distinguished from small steam leaks,by high
‘ MFW flowrates and high SG levels. Large feedwater mismatches can

cause more severe effects on the RCS than small steam leaks and
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must be corrected much faster. A detailed discussion of excessive

main feedwater is contained in Appendix A.

Excessive main feedwater was defined in Appendix A as basically
supplying more feedwater than could be ©boiled off to make
superheated steam. The definition for excessive emergency feedwater .
(or excessive MFW after reactor trip) must differ slightly in that
1) the steam generator is at saturation conditions and 2) more im-
portantly, whenever the ‘natural circulation setpoint is in effect
EFW (or MFW) must provide more flow than can be boiled off in order
to raise SG levels to the appropriate setpoint. However, the rate
at which FW builds SG levels can be excessive and overcool the pri- ‘

mary system.

In addition, excessive emergency feedwater can cause depressuriza-
tion of the affected SG to a 'larger extent than excessive main feed-
water. This 1is due primarily to the increased condensing action
introduced by spraying colder EFW in near the top of the tube bundle
®

(into the steam space).

Should the EFW or MFW flow be excessive, the operator should recog-
nize the overcooling as well as high FW flow. Following the ac-

tions in Part I, Section III.C for excessive primary to secondary
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heat transfer will terminate the excessive FW.

Figure F-3 shows the impact of small steam leak overcooling compound-
ed by overcooling due to excessive feedwater. The curves for RCS
. pressure and pressurizer level will shift to the left, i.e.,
pressure reduction and drainage of the pressurizer will occur
faster. Excessive EFW (and_excessive MFW through the upper nozzies)

will also cause the steam pressure curve to shift to the left.

Loss of Secondary Inventory Control (Low)

A loss of secondary inventory control (low) exists whenever too
‘ little feedwater is being supplied to the steam generators resulting
in too little primary to secondary heat transfer and overheating of
the RCS. The operator should recognize this condition by low

feedwater flow rates and low SG levels.

The operator may be required, by the procedures in Part I, to
isolate all feedwater in order to determine which SG is leaking.
‘ However, he will also by procedure immediately restore feedwater to

the good SG as soon as the broken SG is identified and isolated.
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A detailed discussion concerning too little primary to secondary

heat transfer is provided in Appendix B, "Loss of Main Feedwater".

Loss of Steam Pressure Control

A loss of steam pressure control exists whenever one or both steam .
generators >undergo a pressure reduction significantly below the TBS
reseat setpoint. It is an overcooling transient and, since a small
steam leak is a loss of steam pressure control, it will look simi-
lar (on the P-T diagram) to the main transient in Section 2.0 of
this appendix. It can be caused by excessive emergency feedwater
(discussed earlier) or by an unplanned steam flow through stuck open
valves or a pipe break. EFW should be throttled to minimize .
pressure reduction while providing a gradual SG level increase as
discussed in "Best Methods for Equipment Operatiom", in Volume 1 of
Part II. Section 2.0 of this appendix already covered loss of steam

pressure control due to steam leaks alone.
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4 120 Operator isolates TBS to stop steam leak. RCS
pressure begins to increase.
5 300 Pressurizer level > 80" and increasing; operator stops

HPI and realigns for normal makeup/letdown. To pre-
vent excessive swell due to reheating, operator should
regain manual control of TBV's; otherwise RCS could
reheat until SG pressure reaches the MSRV setpoint.



IMMEDIATE ACTION SUMMARY L0SS OF SECONDARY INVENTORY CONTROL (HIGH)
. START HP{ If PRESSURIZER LEVEL < 80" L RCS PRESSURE DECREASING
" VF AFEECTED SG IS NOT OBYIOUS, STOP ALL FY TO BOTH SG's; WATCH LEVEL. THE STEAN GENERATOR
WITH THE FASTEST LEVEL DECREASE 1S THE LEAKING GENERATOR. ;
-
- CLOSE T8Y's AND OTHER STEAK EXTRACTION LINES ON AFFECTED SG F 18U fe E 4 SMALL STEAM LEAK LUG I c D IAGRAM
- DETERMINE [F LEAK ISOLATED OR ONE SE STILL LEAKING; ESTABLISH EF¥ 10 -
00D GENERATOR(S) ONLY
. ALLOW AFFECTED SG T0 BOIL DRY IF LEAK CAN'T BE |SOLATED
REFER TO it ?
LOSS OF SECONDARY PRESSURE CONTROL 1105 PART 1 SECTION 101.C FOR PROGEDURE EVENT RECOSNITION SYNPTONS OPERATOR CONTROLS OR
SuALL - . .
. THI'S OVERCOOLING TRANSIENT WILL LOOK SIMILAR TO SWALL STEAN LEAX 1SOLATES EXCESS MFW
- QAGNOSIS AND MITIGATION" FOR O1SCUSSION; FIGURE 12
STEAM LEAK ATOG PART 11, "DIAGHOSIS - KEY DISTINGUISHING PARAMETERS; R EFX
OCEURS EVENT RECOGIITION SYNPTOMS - WIGH NFW OR EFN FLOW RATE
- . - HIGH LEVEL IN R :
LOSS OF SECONDARY PRESSURE CONTROL DUE TO FAILURE OF THE TURBINE TO TRIP OR OVERCOOLING TRANS1ENT :: sun:* BELOW ONE OR BOTH S6's
FAILURE OF TBS VALVES OR MSRV:s TO RESEAT IS THE SAME TYPE OF OVERCOOLING i< - XEY DISTINGUISHING PARAMETERS:
TRANSIENT AS THE (NITIATING EVENT (SWALL STEAW LEAK) THEREFORE, THE REMAINDER - mg:in P«|ngval[x:E{%:Eg::gr:?mm . REFER 70
OF TRIS LOGIC DIAGRAM (S STILL APPLICABLE. THE PRIMARY DIFFERENCE 1S THAT THE REACTOR TRIP ON ) uisnum“ - ATOG PART |, SECTION 111.C FOR PROCEOURE . .
WAGNITUDE OF THE STEAM "LEAK™ HAS INCREASED SIGNIFICANTLY AND THUS THE PLANT HIGH FLUX - - ;Ivgguggrgﬂn UDIAGNDSIS AND MITIGATION" AND APPENDIX A EXCESSIVE FEEDWATER" FOR
RESPONSE WILL BE MORE RAPID, HOWEVER, THE EVENT RECOGNITION SYMPTONS, & s - 22400 |- :‘I’f‘;o;""
CORRECTIVE ACTIONS, AND INPORTANT LIMITS REMAIN THE SAME. < 9200 - CORRECTIVE ACTIONS SECONDARY
F . [F MF¥ FAILS TO RUN BACK, TRIP RUNNING NFW PUMPS INVENTORY
£ 2000 1~ . PROPER CONTROL OF EFW WILL PREVENT OVERCOOLING DUE TO EFN; HOWEVER, IF EFW IS CONTROLLED
o 1800 SUPERHEAT EXCESSIVE DUE T0 EQUIPMENT FAILURES. PERFORM THE FOLLOWING ACTIONS:
STABLE PLANT WITH Z 1500 SURCIOLED REE1ON . START WPI IF PRESSURIZER LEVEL < 80" AND RCS PRESSURE DECREASING
PONER W1 SHATCH 3 REGION ' - ISOLATE EFW. AND TBS VALVES T BOTH S§'s.
BETNEEN REACTOR “;:f;'{[’:" B sar < SATURATION . IF E/THER SE LEVEL/PRESSURE DECREASTNG, ESTABLISH EFW T0 GOOD GENERATOR ONLY AND
EE:E:G?: MEGAWATTS CONTROLLED Z1700 L PRESSURE ALLOX AFFECTED SG T0 BOIL DRY
H] LT 7 END POINT-POST TRIP WITH . IF LEVEL/PRESSURE STABLE IN BOTH SG's, ESTABLISH EFW TO BOTH
<1000 | P rorcen crrcucarion (v o0 T ) OVERCOOL ING DUE YO
" NOTE 1 S o0 | ano ror waromat craculRhion’hy o) LINITS IMPORTANT 10 THIS EVENT EXCESS FX
) ST Bt . §T0P EXCESSIVE FEEDWATER BEFORE WATER ENTERS STEAM LINES G0 TO ATOG PART 1,
3 sugcooren  © ATURATION
L TURBINE TRIP 5 w0 YBCOOLED ) ewb roiny-rost TRi wiTH . STOP OVERCOOL{NG BEFORE PRESSURIZER ORAINS AND RCS REACHES SATURATIO SECTION 111.C
S0 LINE L _{NATURAL CIREULATION (Tygy) . AFTER OVERCODLING TERMINATED PREVENT SOLID PRESSURIZER BY:
M TBS OPEN AND RESEAT E 1 L L L 1 —_ . THROTTLING WPI (ABOVE SUBCOOLED MARGIN)
400 450 s00 950 500 650 700 . LOWERING TBS SETPOINTS TO LINIT RCS REMEAT AND SWELL REFER TO ATOG PART 11,
NO ASSY OPEN AND Reactor Coofant and Steam Qutiet Temp, F DIAGNDSIS ANO
N AND RESEAT
WITIGATION" AND NOTES:
105S OF PRIMARY INVENTORY CONTROL (LOY) LIMITS IMPORTANT 10 THIS EVENT APPENDIX A .
I - STOP OVERCOOLING BEFORE PRESSURIZER ORKINS YEXCESSIVE FEEDPATER" 1. IF SMALL STEAM LEAKAGE PATH IS THROUGH TBS VALVES
. STOP FW TO AFFECTED S& IF LEAK CAN'T BE ISOLATED PLANT MAY OPERATE WITH POWER MISMATCH INDEFINITELY
1CS RUNS BACK KFW . AFTER OVERCOOLING STOPPED PREVENT SOLID PRESSURIZER BY THROTTLING HP| & LOWERING WHILE SOURCE OF LEAKAGE IS BEING LOCATED AND CORRECTED.
¥ i1 LT85 SETPOINTS IF LEAKAGE PATH IS OTHER THAN TBS BUT OUTSIDE OF RS,
OrERATOR. INTTIATES AND EVENT RECOGNITION SYMPTONS ves [ 0w A GRADUAL DECREASE IN SECONDARY WATER INVENTORY
CONTROLS HP1 IN ACCORD- . LON HP1 FLOW WITH LOW PRESSURIZER LEVEL & LOW RCS PRESSURE I . WILL OCCUR. IF LEAKAGE PATH IS INSIDE RS, CONTAINMENT
;:’i% WITH SUBCOOLINE . SUSTAINED LOSS OF SUBCOOLING EVEN WITH CONTINUED COOLING (ARROW A) LOSS OF SECONDARY INYENTORY CONTROL (HIEH) TEMPERATURE AND PRESSURE #ILL INCREASE, THE ES 4 PSIG
NUARY INVENTORY CONTROL (HIGH) TRIP SETPOINT CAN BE REACHED IN ~ 20 SECONDS FOR A 25%
& LOSS OF PRINARY iNVENTORY CONTROL (HIGH) MISMATCH.
es | M o ‘iF TEAKING SG 15 DBVIOUS (WUCH
z OPERATOR ISOLATES ke— LOWER STEAM PRESSURE) DPERATOR NILL
| S0 STEAN LEAK FRON ISOLATE ALL FW AND ALL STEAN 2. AT THESE POINTS "STABLE PLANT" OENOTES FACT THAT OVERCOOLING
S0 - VINDOR _\ Bn]i'ﬁ H EXTRACTION LINES ON AFFECTED SG. DUE TO SMALL STEAM LEAK HAS BEEN TERMINATED AND PROPER
g o e {F ONCLEAR, OPERATOR HILL NANUALLY i PRIMARY TO SECONDARY HEAT TRANSFER HAS BEEN ESTABLISHED
S0 CLOSE TBY'S ON BOTH S6'S. ISOLATE EVENT RECOSKITION SYNPTONS OPERATOR CHECKS
T00 LITILE #P1 FLOW NILL RESULT IN < SUPERHEAT AL Fu 70 BOTH SG's, AND ISOLATE SUBCOOL ING NARGIN AND USING GOOD SG. HOWEVER, THE OPERATOR STILL NEEDS TO RE-ESTABLISM
RCS 21800 | syBCOO.ED STEAN EXTRACTION LINES COMMON TO * - INCREASING PRESSURIZER LEVEL AND RCS PRESSURE EVEN WiTH CONTINUED CODLING H C :
LOSS OF SUBCODLED MARGIN AS SHOWN B REGION ! CONTROLS HP} BEFORE NORMAL PRIMARY SYSTEM INVENTORY CONTROL BY:
INVENTORY . : : 2o | REEIO ©S ON LO¥ RC PRESSURE BOTH: S6'5, (EFAPT STEWM SUPPLY - ONGE COOLDOWN TERMINATED INCREASE IN LEVEL AND PRESSURE WILL BECOKE RAPID PRESSURIZER GOES
CONTROLLED THE OPERATOR WILL TRIP THE RCP's. . AN AND AUXILIARY STEAW SUPPLY), HE ~ WIGH HPL FLOW RATE s0LID - THROTTLING HPI WHEN SUBCOOLED MARGIN RESTORED
CONTROL OF F¥ TO ATTAIN & MAINTAIN S0 - ¥ILL THEN WONLTOR SG LEVELS AND
o SATURATION FLON CONTROLLED PRESSURES T0 DETERMINE IF ONE SG - REDUCING TBS SETPOINT TO LIMIT RCS REHEAT AND SWEI
95% LEVEL N ONE OR BOTH S6'S WILL 2 1200 . LL (ONLY ON
2 - STEAM PRESSURE 1S STILL LEAKING, ves | W 600D SG IF ONE SG IS BROKEN)
PROVIDE ADEQUATE CORE COOLING UNTIL s LT MO POLNTEOST TRIE. - | ves [« REFER TO
THE HP1 PROBLEM S CORRECTED, SH000 b——— - —— (Tygr 8 T - ATOG PART 11, “BEST METHODS FOR EQUIPMENT OPERATION", HP1 -
el XAToRAL CEROLAT {Toaro) ! OPERATION", KP1 CONTROL (T;RMINATE HPI AND RE-ALIGN FOR NORMAL MAKEUP/LETOOWN
3 Q moRWAL OPER POINT_PONER . CORRECTIVE ACTION ERATION WHEN RCS IS ABOVE SUBCOOLED MARGIN AND PRESSURIZER
- 600 oru (Thor) - THROTTLE HP| AS SDON AS SUBCOOLED WARGIN REGAINED LEVEL IS ON-SCALE LOW AND !
s SUBCOOLED "YES" PATH DENOTES LEAX 1S INCREASING.
° END POINT-POST T T - -
% w0 HiRc WA SUBCOOLED MARGIN LOST TS ATED haoN BT S6'S. T:gzc::;nwn RETURN T0 NORMAL MAKEUP WHEN SUBCOOLED MARGIN REGAINED AND A PRESSURIZER LEVEL 1S ats PORY OR SAFETIES THROTTLE FW FLOW TO OBTAIN A GRADUAL SG LEVEL INCREASE
2 v
L N L L L N0 | YES "ND" PATH DENOTES ONE SG (S STILL INVENTORY LIFT AND RESEAT TO THE APPROPRIATE LEVEL SETPOINT
400 450 500 550 00 650 100 : LEAKING. LIRITS A
Rezctor Coolant ang Steam Outiet Teay, F Q———l e e e . CONTROLLED ws | w - IF IN NATURAL CIRCULATION, THE OPERATOR SHOULD RESTART
: AN RCP
- ; - THROTTLING HPI WHEN ABOVE SUBCOOL MARGIN HHEN SUBCOOLED MARGIN IS RESTORED .
(o) ~ LUNIT RCS REWEAT AND SWELL BY LOWERING TBS SETPOINTS
ATOG PART I, SECTION [i1. A FOR PROCEOURE; PART 11 “DIAGNOSIS AND WITIGATION® fOR OPERATOR TRIPS RCP'S - PREVENT VIOLATION OF NOT LiWITS 3. HPI COOLING IS NOT A STABLE END POINT. THE OPERATOR WILL PERFORM
0ISCUSSION R R e FLow THE FOLLOWING ACTIONS TO STABILIZE THE PLANT:
CORRECTIVE ACTIONS 0 YGOOD" SE THROUGH OPERATOR MUST ACT TO REGAIN CONTROL OF LOCA
~ CONTROL FX T0 ATTAIN & WAINTAIN 858 LEVEL IN GOOD GENERATOR(S) UPPER NOZILE. MFW RCS INVENTORY OR PORY OR SAFETIES WILL o 10 AT0G PART | - WHILE ON HPI COOLING MONITOR INCORE THERMOCOUPLES TO PREVENT
- RESTORE HPY FLOW FLOW CONTROLLED, CONTINUE TO RELEASE WATER TO THE SECTION 114 4 THERMAL  SHOCK
LINITS INPORTANT TO THIS EVENT QUENCH TANK WHICH WILL FAIL. ’ - RE-ESTABLISH FW TO AT LEAST ONE SG
- PREVENT VIOLATION OF NDT LINITS ON SUBSEGUENT REPRESSURTZATION WHEN HPI RESTORED m
" T
. PREVENT LOSS GF PRIHARY TO SECONDARY HEAT TRANSFER DUE T0 ¥OIDS IN RCS BY T ves ] PR, - THRUTTLE HPI WHEN SUBCCOLED MARGIN RESTORED
WAINTAINING PROPER SG LEVELS APPENDIX F, “LOCA," - ggg ’f:gESSURIZER HEATERS TO DRAW A BUBBLE AND RESTORE
> _ AND "DIAGNOSIS AND ESSURE. CONTROL
- ¥ T0 AFFECTED SG WUST BE ISOLATED. 1F RCS HAD REACHED SATURATION, SUBCOOLING NARGIN WILL BE RESTORED BY HETICATION" - TSOLATE PORV AND CONTINUE NORMAL PLANT COOLDOWN
LDSS OF SECONDARY INYENTORY CONTROL (L0W) CONTINUED, COOLING AND REFILL BY HPY. XS SHOWN BELOW, CONTINUATION OF EFY FLOW TO_AFFECTED SG WITH
4/"\ | REPRESSURIZATION BY HP1 WILL EVENTUALLY RESULT [N VIOLATION OF NOT LIMITS 4. "STABLE PLANT" DENOTES FACT THAT OVERCOOLING DUE TO SMALL STEAM LEAK HAS
Q) 9 BEEN TERMINATED. HOWEVER, FW AND TBV'S ARE ISOLATED ON ONE SG AND
o ESTABLISHES IF MFW NDT AVAILABLE, = MAYBE BOTH. THE OPERATOR STILL NEEDS TO RE-ESTABLISH NORMAL PRIMARY 7O
PERATOR ESTABL z
F¥ T0 ONE OR B0TH SE'S g;ﬁﬁ;:?gnzg“gf;gs S a0 ! SECONDARY HEAT TRANSFER BY:
EVENT RECOGNITION SYNPTONS ! T0 "G00D" SG. EFW PRESSURE CONTINUES TO S [ rost TP - RE-ESTABLISH NORMAL MFK FLOW THROUGH MFW NOZZLES ON BOTH SG'S (EFW
- LOW EFW FLOX AND LOX SG LEVELS FLON CONTROLLED. N oo REAM OF £ pgf v \ IF MFW NOT AVAILABLE)
. LS WILL BEGIN TO REHEAT AS SG INVENTORY BOILS OFF BRI EXTRACTION LINE 1SOLATION S e - USE MANUAL TBV CONTROL TO LIMIT HEATUP RATE OF RCS.
A 5
REFER T0 VALVES S | SUBGOOLED REGIOH
SECONDARY - #T0G PART I, SECTION 111.B FOR PROCEDURE JL = -—d SOPERHEAT
- S 1800 - REGION 4
INYENTORY ATOG #ART 11, APPENDIX 8, "LOSS OF MAIN FEEOWATER.® FOR DISCUSSION \ G- E o Tor . :
CONTROLLED CORRECTIVE ACTION OPERATOR SOLATES F¥ T0 ] SATURATHON
. ESTABLISH EFW T0 BOTH S&'S UNLESS ONE SG CLEARLY LOWER IN LEVEL AND PRESSURE IN WHICH ——Q)—— Qﬁfﬂ,ﬁ? S6 AND LLOXS 4T T0 c—‘—‘_—_‘_: = e "ff:f: FREssuRt END POINT-POST TRIP WETH .
CASE ESTABLISH EFX TO G0OD S6 AND ALLOW SG WITH LOWER PRESSURE TO 801L ORY g::::;g:nlgglg}gi —: 1000 —_— FORCED CIRCULATION (Tygy L ICOLD) ;
N 2 M
LIMITS INPORTANT TO THIS EVENT EXTRACT(ON L INES ON < L ol { & FOR NAT. CIRCULATION (Tggip) ;
. ENSURE SUFFICIENT EFW FLOW AND LEVEL IN AT LEAST ONE SG TO ESTABLISH AND WAINTAIN AFFECTED SG AND STOPS K R NOPMAL OPERATING POINT-PONER
VATURAL CIRCULATION STEAN LEAK s S0 b gpeRaTION (Tygp)
- W00 = exo point-odY Thie WiTH NaTURAL s
. OBSERVE SUBCODLING RULE WHEN SUBCODLED MARGIN REGAINED THRDTTLE HP1 TO MAINTAIN LINE o] EIRGUATION (Tyg)
PRESSURIZER LEVEL ves | w0 STABLE PLANT- - —L = ! ]
- PREVENT LOSS OF PRINARY TO SECONDARY HEAT TRANSFER.OUE T0 vOIDS IN-RCS BY T | DHR RENGVED 8Y 400 450 500 550 600 650 00 .
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1.

APPENDIX F

LOSS OF COOLANT ACCIDENTS

Introduction

A loss of coolant accident (LOCA) is defined as any event during
which reactor coolant escapes due to loss of integrity of the
primary coolant system. A LOCA can occur at any time (power
operation, cooldown, heatup, cold shutdown) and can be either an
initiating event or a result of another accident. Usually LOCA's
release reactor coolant to the containment environment; however,
there are some LOCA's which can release reactor coolant to the
secondary plant (steam generator tube 1leaks) or to the auxiliary

building (leaks in the MU, letdown, or decay heat removal systems).

LOCA's directly affect one of the five fundamental functions of
reactor operation: "RCS Inventory Control”. The loss of reactor
coolant reduces the plant's ability to transport the core's heat to
the steam generators. If the lost reactor coolant 1is not replaced,
core cooling will be lost and fuel damage may occur. The Emergency
Core Cooling Systems (ECCS) consisting of the High Pressure Injec-
tion (HPI), Low Pressure Injection (LPI), and Core Flooding Tanks
are used to supply emergency core cooling water to prevent fuel
damage. The main feedwater or emergency feedwater system is also
used for core heat removal and RCS depressurization for some sizes

of small break LOCA's.
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A LOCA is a unique accident. Some of ‘the major factors which

"single out" the LOCA from other abnormal transients are as follows:

A. A wide range of leak sizes is-possible:

The rate at which reactor coolant is lost from the p_rimary system
depends on the break size through which the reactor coolant can .
pass. LOCA's can range from small leak rates (leaking pressuri-
zer relief or safety valves, leaking RC pump seals, cracks or
breaks in instrumentation lines connected to the primary system)
to large losses of reactor coolant due to cracks in or a

severance of the RCS piping or its attachments (letdown line, HPI

lines, decay heat drop line). ‘

B. Abnormal system conditions are a natural consequence of the

event:

When reactor coolant is lost at a rate greater than it is re-

plgced, pressurizer level will be lost, the reactor coolant will

become saturated, a loss of normal natural circulation (assuming

the RCP's are tripped) is inevitable and boiler-condenser cooling ‘ ‘
may be the only means by which the steam .generators can remove

energy from the reactor coolant. For many LOCA's these condi-

tions are temporary and can be prevented by operator isolation.

For a LOCA which cannot be isolated, the evolution of the tran-

sient to abnormal conditions is unavoidable.
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C. Steam generator heat removal may be degraded:

The transport of core heat to the steam generators may be
severely reduced depending upon the size of the LOCA. Steam
geﬁerator heat removal is needed for some small breaks, even
though the break itself also removes energy from the primary
' system and uses the reactor building as a heat sink. If the
break is large enough the steam generator is not needed as a heat
sink. In some large breaks the RCS depressurizes below Asteam
pressure, and the steam generator can even be a heat source if
the temperature of the secondary inventory is higher than that of
the reactor coolant.
D. Maintenance of hot shutdown is not a safe end condition in most

a cases:

Some LOCA's can be isolated and the loss of reactor coolant stop-

ped. Hot shutdown is a safe condition. However, when isolation ~
is not possible the loss of reactor coolant cannot be stopped.
Then the RCS must be depressurized to reduce the leak, increase
the ECCS flowrate, engage the LPI system and establish long term
cooling. It is also desirable to depressurize before the BWST is
. empty to avoid HPI piggyback operation. Depressurization is also
desirable to engage the LPI system so the steam generators do not
‘ have to be used with service water when the condensate storage
tank empties (unless supply is available from the other units).
} Depressurization is required for tube leaks to limit the offsite
| doses and to avoid emptying the BWST (tube leakage is not

‘ returned to the sump and recirculation is not possible).
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E. The containment environment will degrade:

If the break is inside the containment (most breaks will be) re-
actor coolant water and steam will collect in the reactor build-
ing. The pressure, temperature and radiation levels in the
reactor building will increase, and use of emergency building
cooling systems may be necessary. In addition to maintenance of ’
core cooling, the operator must also control the reactor building
environment to'prevept or limit offsite radiation releases.
Control of the enviromment is also desired to prevent equipment
damage. Containment isolation is required to limit the offsite

doses.

LOCA's can be complicated events because of the wide range of
system conditions that can happen. The plant's safety systems,
especially the ECCS, are capable of safely limiting the LOCA
effects. Core cooling can be maintained solely through use of
the ECCS, but operator actions and other equipment can be used to

enhance the performance of the ECCS and to achieve better

results. ‘

The remaining portions of this appendix will describe the
response of the RCS for the full spectrum of LOCA's, the general
approach to accident mitigation and establishment of long term

cooling, how the ECCS and other equipment are best used, and also

outline control limits which apply to plant recovery. ‘
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2.0 LOCA CONCEPTS

Loss of coolant accidents are classified in three categories:
1. Large Break
2. Small Break
‘ 3. Small Leak
These categories are used because the response of the RCS is differ-

ent. Each category will be discussed separately.

Large Breaks

A large break is a major failure of the primary system pressure
boundary which depressurizes the reactor coolant system rapidly and
‘ almost completely. This is a designer's event that establishes the
size of the core flood tanks, the capacity of the LPI systems and
the size of the containment cooling systems (sprays and coolers). A

large break LOCA has never occurred at a commercial nulcear power

plant.
‘ As a rule of thumb, a LOCA with a break area greater than that of a
10-inch diameter hole is a large break. For breaks of this size or

larger, the plant transient can be broken down into three distinct

phases: blowdown, refill, and reflood.

Blowdown: Blowdown is a rapid depressurization of the primary

. system as reactor coolant escapes in large quantities.

Large pressure gradients are created in the primary
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system and low pressure zones are created at or near the
break. These pressure gradients disrupt the normal flow
patterns within the primary system, and the reactor
coolant will be drawn to the break (low pressure zone)
from all regions of the primary system. The reactor
coolant will saturate and change to steam due to system '

depressurization and core heat removal.

Blowdown ends when the primary system and the contain-
ment pressures are the same; the loss of reactor coolant
stops. From start to finish, the blowdown period can be
from 20 to 100 seconds depending upon the break size and .
location. At the end of blowdown, the reactor coolant
system will contain very little water and will be mostly

steam.

Druing blowdown, RC pressure drops rapidly and falls
below the secondary side pressure within a few seconds.
The steam generators become a heat source as opposed to a .
heat sink because the temperature of the reactor cool-
ant will be less than the secondary feedwater tempera-
ture. The steam generators remove heat only as long as
the primary temperature is above the secondary tempera-
ture. Steam pressure will hang up initially and then

slowly decrease as energy from the secondary is slowly ‘

transferred to the primary system.
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Blowdown causes a reactor trip, and the fission process
is shutdown to the decay heat level. But, because large
quantities of steam are produced, the core will heat up;
the fuel and cladding temperature will rise until cooling

systems recover the core with water.

During blowdown the HPI and LPI systems are actuated, and
the core flood tanks discharge when the primary system
pressure drops below 600 psig. These emergency core
cooling systems have little or no impact on the blowdown
phase of a large break. The blowdown transient is too
fast, and the cooling water that does enter the primary
sytem is ''swept out" the break along with the reactor
coolant. The ECCS systems restore core cooling during

the second and third phase of a large break.

The blowdown also has a severe impact on the reactor
building. Rapid increase in the containment pressure,
temperature, and radiation levels occur. The emergency
coolers and sprays are started by the ES by high con-
tainment pressure (4 and 10 psig) and water will accu-
mulate in the reactor building emergency sump. The
reactor building becomes the heat sink for the energy

originally contained in the primary system.
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Figure F-1 shows the primary system response during the

blowdown transient for a large break.

Refill: At the end of blowdown the primary system is at a low
pressure, and little or no water is left in it (see end
condition in Figure F-1). However, the CFT's, the LPI .
and the HPI will be adding water to the system. The
emergency injection water entering the system accumulates
and begins to refill the reactor vessel. Refill 1is
defined as the time required to refill the reactor vessel
lower head up to the bottom of the fuel {see end of
refill in Figure F-1). This is a short time (10-12 .
seconds) and for smaller breaks a refill period may not

occur if enough water remains in the reactor vessel.

The refill phase of a large break cannot be detected by

any plant instrumentation. As shown in Figure F-1, no

water exists in the core during refill and the core will

heat up until ECCS water enters the core. When the core ‘
is uncovered the hot zircaloy clad chemically reacts with |
the oxygen of the steam to give zirc oxide and release

hydrogen. Hydrogen may accumulate in the loop or it may

be vented through the break to the containment.

Reflood: The last phase of a large break is called reflood. Dur- ‘

ing reflood, water from the ECCS refloods the RV up to
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the elevation of the inlet nozzles and refills the system
up to the elevation of the break. This is a slow process
because a lot of the emergency cooling water is boiled
off as it enters the core since decay heat levels are

still high.

Within 5 to 10 minutes the core will be . recovered with
water and the fuel clad temperatures reduced to within a
few degrees of the saturation temperature (the core exit
thermocouples should show approximately saturated condi-
tions). Core cooling thereafter is maintained by con-
tinuously adding injection water from the low pressure
injection system so that the /;ore reamins covered by
water. The CFT will empty, and the HPI system can be

secured (see Guidelines for HPI termination in 'Best

Methods for Equipment Operation").

Figure F-1 shows the reflood phase. Two examples are
given: one for a large break at a high location in the

system and one for a large break low in the system.

During the reflood phase, additional steam is created by:
a) boiling of emergency injection water in the core,
b) boiling of emergency injection water due to heat from

the hot metal components, and
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c) boiling of emergency injection due to heat trans-
ferred from the secondary side of the steam genera-
tors (this is a source of additional steam only if

primary side water re-enters the tube region of the

steam generators). .

This steam is vented out the break to the reactor build-
ing. The reactor building pressure and temperature
conditions may rise during the early stages of reflood.
When decay heat and the heat from the hot metal and steam
generators. drop, the steam release rate will decrease as
the sprays and coolers can remove more heat than is being .

released.

Figures F-2 and F-3 give a summary of the expected response

(P-T diagram) of the RCS during large hot and cold leg

breaks. The diagrams also outline the sequence of events.
At the end of blowdown, the reactor coolant is in a saturated
condition at or near the containment pressure. Thereafter, ‘

the core outlet thermocouples should be used to check the
core outlet temperature for saturation. At the end of the
blowdown the core outlet thermocouples may indicate super-
heated conditions since the core may be completely void of
water. As the ECCS refloods the reactor vessel, the fuel
rods will be quenched and the core outlet temperature should .

return to saturation.
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Small Breaks

The second category of LOCA's are small breaks. Small breaks are
not as severe as large breaks. The depressurization is much slower,
the mass is lost at a lower flowrate, and the core cooling can be
maintained throughout the accident as long as the ECCS is operating.
For small breaks the operator can play a vital role in minimizing

the consequences of the accident.

As a rule of thumb, small breaks are between small leaks and large

breaks:
Small Leak Large Break
Break for which the (Area approximately
leak rate is within equal to or greater

the capacity of the < SMALL BREAK < than that of a
MU system (area 10 in. diameter
approximately equal hole).

to that of a 3/8"

hole)

Small breaks include cracks in the primary system piping, breaks of
lines atached to the RCS (HPI lines, letdown line, spray line), and
failed open pressurizer relief or safety valves. The reference hole
sizes given above are not exact boundaries for small breaks. They

are given only as physical reference points to promote a feel for

3-23-82 Appendix F, Page F-11
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the spread in break size for this category of LOCA's. The response
of the RCS during a LOCA is actually a better way to gauge whether a

specified LOCA is a small leak, small break, or a large break.

A small break transient is characterized by a slow depressurization ‘
relative to large breaks. Flow conditions in the RCS change gradu-
ally and smoothly, and temperature and pressure gradients between
different places in the primary system tend to be small. Rather
than the distinct blowdown, refill, and reflood phases associated
with large breaks, small breaks have a period of relatively high
loop flow followed by a period of relatively low or no loop flow.
The no loop flow conditions are a semi-stable period where circula- ‘
tion stops and the steam separates from the water. When the steam
and water separate the reactor coolant system is in a "boiling pot"

mode.

Figure F-4 shows a small break, including P-T responses and sequence
of events. Early in the transient reactor coolant will circulate
from the core to the steam generator, and the steam generator will ‘
remove heat. This part of the transient is called the "flow circula-
tion" phase. Flow can circulate by natural or forced circulation.
For very small breaks natural circulation (normal or two phase) will

not be lost, and the primary system will return to a subcooled
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For "larger" small breaks, the flow circulation phase will

end almost immediately after the RC pumps are tripped. For all

small breaks, core cooling is maintained during the '"flow circula-

tion" phase.

After the "flow circulation portion of a small break, the reactor

coolant

"settles out'". The water falls by gravity and collects in

the lower regions, and the steam bubbles up through the water and

collects in the high points of the system. A "boiling pot" water

level will exist that will vary depending on:

Break Size

Break Location

Primary to Secondary Heat Transfer (steam generator
cooling)

Number HPI/LPI Pumps Operating

Decay Heat Levels

These variables will cause the response characteristics of the RCS

to change in different ways after the reactor coolant

“"settles" into

the "boiling pot". The effects of these variables will be discussed

next.
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To illustrate the effects of break size, steam generator cooling and
the other small break variables, the following five specific examples
will be considered:

1. Small breaks large enough to depressurize the RCS

2. Small breaks which stabilize at approximately secondary side ‘

pressure
3. Small breaks which may repressurize in a saturated condition
4, Small breaks without primary to secondary heat transfer
5. Small breaks within the pressurizer steam space

These discussions will also highlight the effects of break size on

the "flow circulation'" phase of a small break. ‘

Small Breaks Large Enough to Depressurize the RCS

At the '"large" end of the small break spectrum, the breaks release
enough mass and energy from the system such that the primary system
will gontinually depressurize to a stable low pressure condition.
For these breaks the "flow circulation" period is over very rapidly.
RCS pressure will also drop very rapidly below the secondary side ’
pressure. Therefore, for these breaks primary to secondary heat
transfer does not play a vital role in the accident. During the
"boiling pot" period, the water levels in the system will quickly
drop to the elevation of the break. When the water level drops below
the break elevation, the rate of RCS depressurization will increase.
This change in rate is due to the change in break flow from liquid to '

steam. Steam release through a given size break will depressurize

DATE:
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the RCS at a faster rate than water release due to both an increase
in volumetric flowrate (steam has a much higher specific volume) and
an increase in energy lost out the break (enthalpy of steam is much
higher). Thereafter the water levels within the system will decrease
until emergency cooling water flowrate exceeds the rate of RCS liquid
loss due to flashing (if the RCS is still depressurizing) and water
boiloff in the core. The net amount of water in the system will then
increase slowly, and the water levels in the system will gradually
build back up to the break elevation. For small breaks of this size

the primary system will never refill water above the break.

Figures F-5a and F-5b show two examples of the system P-T response up
to the time where the lowest system water levels occur. These
figures show that these breaks depend upon the HPI and CFT's to
maint ain adequate water in the system to keep the core covered. When
the system finally depressurizes, LPI increases the water level up to
the break elevation. The steam generators provide very little
cooling for this size of break and are not very important for

accident mitigation.
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Small Breaks Which Stabilize At Approximately Secondary Side Pressure

When the break size is smaller than that of the previous example,
the leak rate and consequently the energy removal rate of the break
decreases (the break removes energy when reactor coolant escapes).
The smaller breaks cannot remove energy from the primary system fast
enough to allow a continuous RCS depressurization. _Followipg the .
"flow ciréulation" portion of the transient, the system will stabi-
lize at or near the secondary side pressure. For these breaks, the
steam generators can remove a significant amount of the core's decay
heat by condensing primary system steam within the tube region.
Steam generator operation is important for these break sizes. To
promote reactor coolant steam condensation (commonly cailed boiler-
condenser cooling) and to reduce RCS pressure, the SG water levels ‘

should be increased to 95% on the operate range. This must be done

manually and is one of the more important operator actions.

The system response for small breaks within this size range is illu-
strated in Figure F-6. As shown in Figure F-6, the "flow circula-
tion period"” is short-lived, and the system stabilizes slightly a-
bove steam generator pressure. Because the RCS pressure remains ‘
high, HPI is the only means by which emergency cooling water can be
supplied to ensure core cooling until the system depressurizes fur-
ther. Since the generators are removing heat from the RCS by con-
densing steam, another important operator action will be to begin a
plant cooldown and depressurization by decreasing steam pressure. ‘

The primary system will depressurize because more steam will be con-

densed. As system pressure is decreased the ECCS system will flow
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at a higher rate, and a refill of the system becomes more likely.
During the refill, RCS pressure may stabilize or increase slightly
(while still saturated) as the RCS water level covers the condensing
surface in the steam generators. For this break size range, a
. refill and repressurization is not likely until the RCS pressure has
been lowered to the LPI pressure. Repressurization of the RCS when
the RC is in a saturated state will be more likely for the next

category of breaks in the small break range.
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Small Breaks Which May Repressurize in a Saturated Condition

For the sizes smaller than the two previous examples the loss of
reactor coolant mass and energy is sufficient to initially
depressurize the RCS and result in enough steam .formation to
interrupt loop circulation. When the flow stops and the reactor
coolant "settles out", the RCS may gradually repressurize. The
repressurization occurs because the break alone is not large enough
to depressurize the RCS and the reactor coolant steam in the hot leg
i cannot be condensed because the reactor coolant water level is
higher than the tubes. The primary system can repressurize as high
as the pressurizer safety valve setpoint. Once enough RCS inventory
has been lost and the reactor coolant water level drops below the
upper feedwater injection level, reactor coolant steam will condense
on the tube and the reactor coolant pressure will drop to the steam
generator pressure. Figure F-6 illustrates this repressurization
behavipr as it would bé observed on a P-T diagram. During the
repressurization phase, pressurizer level may return on scale, as
shown in Figure F-7, because the reactor coolant is heating up and
expanding. For more severe cases, the pressurizer level may go off
scale high. Because the reactor coolant is saturated, HPI flow
should not be throttled. Two HPI pumps should be kept on full, and
the PORV should be opened if RCS pressure increases to the PORV

pressure setpoint. Reshut the PORV when RCS pressure gets within 50

psig of secondary saturation pressure.
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Summarx

The previous three examples highlighted the importance of small break size
and steam generator cooling and showed how these two variables interplayed
to change the reactor coolant system pressure. The reactor coolant system
pressure is one of the most important factors in small break contro}.
‘ When the reactor coolant system pressure is high the leak flow will be
high and the HPI flowrate will be low. The steam generator is valuable be-
cause it condenses reactor coolant steam and lowers the RCS pressure. To

get the best effect steam generator level should be raised and FW flow con-

tinuously run through the upper nozzles until the steam generator level is

at 95% on the operate range.

Although decay heat level and HPI flow rate were not specifically address-
ed for their effects, their influence is important. As the decay heat
level lowers. with time (or if it was low at the start) the heat input to
the reactor coolant is reduced and the HPI flow can more easily "match"
decay heat. Pressure will fall quicker with lower decay heat levels than

i
with high. HPI flowrate is important because it will keep the core cover-
‘ ed and cooled when two HPI pumps are running. One pump will take much ‘

|

longer to match decay heat and if the system pressure is high the flowrate

will be very low; steam generator cooling is desirable to reduce the RCS

pressure to enable more HPI flow.

The next three examples will repeat the first three, except that steam

’ BWNP-20007 (6-76)
: BABCOCK & WILCOX NUMBER

‘ generator cooling is not available. The final example will illustrate the

importance of break location.
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Small Break Without Primary to Secondary Heat Transfer

Steam generator heat transfer becomes more and more important as the break
size gets smaller. This is due to the inability of the break to remove
decay heat by release of reactor coolant. Without primary to secondary
heat transfer, the RCS 1s more 1ike1§ to repressurize or to depressurize
more slowly. Figures F-8 to F-10 show system responses for three differ- ‘
ent break sizes. These break sizes are approximately the same as pre-

viously illustrated; those had steam generator cooling and these do not.

Figure F-8 shows the size where the break is large enough to continually
decrease RCS pressure. For these breaks, which can depressurize the RCS
below the normal secondary side pressure, the loss of secondary inventory |
has little or no effect on the transient. Core cooling is maintained by ‘
the ECCS. Because these breaks are fairly large, pressurizer level would

rapidly fall and remain off-scale low.

Figure F-9 shows the next size smaller break. The RCS quickly depressur-

izes; the HPI's are actuated; and the RC pumps are tripped when the

reactor coolant subcooled margin is lost. Pressurizer level also goes off- ‘
scale low. When flow circulation stops and the steam and water separate,

the RCS pressure hangs up. RC pressure would normallly drop to the second- |
ary side pressure if primary to secondary heat transfer were available. If

feedwater is restored and primary to secondary heat transfer established,

the RCS pressure would drop and boiler-condenser cooling would start.
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Figure F-10 shows the smallest break size. ES may not be automatically
actuated and the RCS repressurizes when the secondary inventory is boiled
off. It is possible for the RCS to represéurize to the pressure setpoints
of the PORV or the pressurizer safety valves and for pressurizer level to
go off-scale high. For any break size without secondary inventory, the
‘ operator should actuate the HPI (if not already on) and open the PORV when
primary to secondary he;t transfer is lost. The RC pumps should also be
tripped if the RC subcooled margin is lost. The RCS is béing cooled by
"HPI Cooling". Figure F-10 shows a transient where no operator actions
are taken for the first 20 minutes. After 20 minutes, Figure F-10 shows
the effects of restoring feedwater and starting HPI. The RCS depres-
‘ surization causes an outsurge from the pressurizer. A complete loss of
pressurizer level may result. Thereafter, the system response is similar

to that of a small break with primary to secondary heat transfer.
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Small Breaks Within the Pressurizer Steam Space

For small breaks within the pressurizer, the system pressure-temperature
response will be similar to that discussed previously. The initial depres-
surization will be faster because steam, rather than water, is released
(steam has a higher specific volume and enthalpy than water does). The
big change for pressurizer breaks is the response of pressurizer level. ‘
Figure F-11 shows a P-T diagram and transient pressure and pressurizer
level histories for a stuck open PORV. As shown in Figure F-11, pres-
surizer level initially rises; this is due to the pressure reduction in

the pressurizer and an insurge into the pressurizer from the RCS prior to

reactor trip. Once the reactor trips, the reactor coolant contraction
(normal post trip response) causes a decrease in pressurizer level. Be- .
cause RC pressure is dropping, flashing occurs in the hot leg (satura- ’

tion), and the steam bubbles expand and force water into the pressurizer.
The pressurizer subsequently fills and will remain full for the remainder
of the transient. In the long term, the pressurizer may contain a
two-phase mixture, and the indicated level may show that the pressurizer

is only partly full. This peculiar behavior is the main reason that pres-

surizer level cannot be relied on to measure reactor coolant inventory .

until the reactor coolant is subcooled. If the break in the pressurizer is

fairly small and can't be isolated, the HPI can refill the system and the
pressurizer can be water solid and subcooled. This would not be the
expected response for a stuck open PORV since the PORV can be isolated.
However, for unisolable breaks in the pressurizer, attempts to draw a
pressurizer steam bubble will fail, and a solid water cooldown will be ‘

necessary.
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Small Leaks

Small leaks are events where the loss of reactor coolant is within the
capacity of the normal makeup system. Several possible occurrences which
could fall in this category are leaking pressurizer safety or relief
valves, leaking RC pump seals or tiny cracks in the primary system piping
or attachments (instrument lines, RTD hotwells, or auxiliary system
lines). This category would correspond to a 3/8 inch or less diameter

hole in the primary system.

When the leakage rate is very small, there is no impact on the primary or
secondary system. These very small leaks are discovered due to the
necessity to add water to the letdown storage tank more frequently than

normal. The action required is in the Technical Specifications.

At the upper end of the leak rate for small leaks, more direct symptoms
may be observed, such as:

1. Excessive MU Flow

2. Decreasing pressurizer level and pressure

3. Reactor trip

These symptoms would likely exist when the leak, combined with letdown
flow, is greater than the capacity of the MU system. This transient 1is
very slow, but pressurizer low level and pressure and letdown storage tank
low level alarms show the imbalance in reactor inventory control. There
is time to increase the makeup rate to the RCS and stop letdown. Sub-

cooling should not be lost; but if a reactor trip occurs, the pressurizer
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might drain and HPI will be started. The plant can be cooled down in a

near normal manner unless a small leak in the pressurizer steam space

occurs. If the steam release rate is greater than the steam production

capacity of the pressurizer heaters, the pressurizer will fill and a solid

water cooldown will be necessary if the leak is unisolable.

3.0

POST LOCA - PLANT CONTROL

The primary objectiyes during a LOCA are to maintain core cooling, to
cooldown and depressurize, and to establish a stable long-term
cooling mode. Maintenance of core cooling is the first priority and
1s achieved through operation of the ECCS. Maintenance of core
cooling will limit fuel damage and thereby limit radiation release.
With essentially no actions other than verifying the rods fully
inserted following a reactor trip and tripping the reactor coolant
pumps on loss of subéooling, the core can be cooled by ensuring that
the ECCS works when required and can be run continuously until their
safety function is satisfied. In addition to ensuring core cooling,
the operator must make sure that containment cooling is working and
that long-term cooling is established. The general things to be done

after a LOCA are:

Core Cooling

1. Actuate HPI on loss of subcooled margin (if not automatically

actuated).
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2. Trip RC pumps on loss of subcooled margin.

3. Verify automatic start and injection flow rate of LPI and HPI
after appropriate ES setpoints are reached.
4, Balance LPI and HPI as necessary.
5. Verify that Core Flood Tanks release when RC pressure drops below
. 600 psig. Isolate CFT's after discharge to prevent Np from
entering RCS.
6. Locate and, if possible, isolate the break (check for steam
generator tube leaks and leaks inside or outside containment).
7. Control steam pressure and raise steam generator level to 957 on
the operate range if the reactor coolant subcooled margin 1is lost
(except for the "bad" generator for tube ruptures) for small
‘ breaks. If a large LOCA has occurred, both generators can be

isolated.

Containment Control (refer to Chapter G in Volume 1 of Part II for

detailed discussion)
8. Verify that containment cooling systems start (at 4 psig and 10
. psig).
9. Verify that containment isolation has occurred and that cooling
‘ water services to important components (RC Pumps) are restored if

they are to be used later.
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Long Term Cooling

10. Switch the suction of the LPI to the reactor building emergency
sump when the BWST low level is reached. If the RCS is not de-
pressurized enough to use LPI, place the HPI in piggyback on the
LPI and use recirculation from the sump for injection.
11. Turn off containment sprays when containment pressure reaches & .
psig and is decreasing. Keep containment coolers running.
12. For large breaks in the sump recirculation mode, stop one LPI
train and leave one vrunning so long as the core exit thermo-
couples indicate the core is cooled. This will preserve onme pump
in case it is needed later. Continue to monitor LPI flow.
13. Start hydrogen purge system when containment hydrogen samples
show a 3.5% concentration. .

14, Take actions to prevent boron precipitation.

For large breaks, maintenance of core cooling leads directly to a stable
long-term cooling mode because the break is large enough to depressurize

the RCS and secondary pressure and inventory control have little or no

effect on the course of the acciden_t. .

For small breaks, core cooling can be maintained using two HPI's. The core
will be cooled, but reactor coolant will continue to be lost in large quan- |
tities as long as the RCS is at high pressure. Depressurization and cool-

down using the steam generator is necessary to decrease the leak and to
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allow for a potential refill of the primary system. Depressurization to
cold conditions is essential for tube leaks because BWST water is lost out
of the leak and cannot be recirculated from the sump; the plant must be

placed on the decay heat removal system before the BWST drains.

In the following sections, the general approach to accident mitigation
(core cooling) and establishment of long-term cooling using the Abnormal
Transient Operating Guidelines will be outlined for loss-of-coolant acci-
dents. The full spectrum of LOCA's will be addressed with the exception
of the very small breaks or leaks which would typically never result in

loss of reactor coolant subcooled margin. For these accidents, the loss

. of reactor coolant can be matched by the normal makeup system or the HPI

system; and plant control is essentially no different than any other ab-
normal tramsient which results in a reactor trip followed by a plant

cooldown and depressurization.

General Overview

Table F-1 outlines the general approach to post-LOCA plant control from a

‘ core cooling standpoint. This sequential breakdown of operator actions

has many of the same features described in the accident mitigation chapter
for non-LOCA's except that actioms to cool down the plant and to establish
long-term cooling that are unique to LOCA have been included. If a LOCA
can be located and isolated, however, the plant can be stabilized at or

near a hot shutdown condition since the loss of reactor coolant has been
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stopped. Although not shown in Table F-1, the containment environment
must also be controlled; both short and long term actions from a contain-

ment integrity standpoint are discussed in Chapter G of Volume 1.
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Immediate Actions and Vital System Status Checks

The operator actions required during the first 2-3 minutes of a LOCA are
identical to those for any abnormal event. These actions include the
immediate actions and verification that systems are working properly as
outlined in the Abnormal Transient Diagnosis and Mitigation Chapter. For
LOCA's, some of the required actions are of special significance:
1. Verification that ES starts HPI and LPI and that containment
cooling and isolation have occurred. |

2. Trip RC pumps if the reactor coolant subcooled margin is lost.

The ES initiates and aligns the HPI and LPI systems for emergency injec-
tion, starts emergency containment cooling systems (sprays and fan cool-
ers) for high presere containment conditions, and isolates non-vital con-
tainment penetrations to limit offsite dose releases. Tripping the RC
Pumps, as explained in the chapter on Best Methods of Equipment Operation,
is a preventive action specifically for a small break. If the RC pumps
are tripped on loss of reactor coolant subcooling margin, enough reactor
coolant will be retained within the primary system (not lost out the
break) and HPI will maintain the core covered and cooled. Both loss of
subcooling margin and ES actuation are alarmed (visually and audibly) in
the control room to alert the operator of the plant's status. By verify-
ing that the ES-actuated systems automatically start (or by applying
corrective actions in the event of failure in ES-actuated systems) and

tripping the RC pumps, the operator ensures:
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1. Adequate core cooling for the vast majority of possible LOCA's.
2. Containment integrity so that the offsite doses will be within

acceptable limits.

Monitoring
During and imniediately following the immediate actions, the P-T diagram .

and other parameters should be monitored to determine if the abnormal
transient is a LOCA and not some other accident. Many overcooling
accidents will look like small 'breaks, and all small break LOCA's will not
look the same. In some cases, a LOCA can only be determined by showing
that some other accident is not underway. Usually the accidents that can
be eliminated readily are overcooling accidents; these can often be .
eliminated by reviewing steam pressure, secondary water level, and feed

flows.

The operator should get a "feel"™ for LOCA's by comparing the examples of
this section with other transients. LOCA's do have some unique character-
istics; these are shown in Table F-2. (This is Table &4a from the "Ab-
normal Transient Diagnosis and Mitigation" chapter, repeated here for .

convenient reference.)
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Table F-2. HOW TO DISTINGUISH LOCA'S FROM OTHER TRANSIENTS

Unique Characteristics of LOCA's

e Rapid system depressurization to saturated conditions with little
or no change of reactor coolant temperature (characteristic of

all but the very smallest breaks)

o Sustained saturation (HPI does not return the reactor to a sub-

cooled state within 5-10 minutes after actuation)

e Containment radiation (only for breaks in containment)
NOTE : A steam or feed line leak inside containment will cause
high pressure, temperature and humidity but will not

cause high radiation.

. Steam pressure, feed flow and steam generator level do not
indicate overcooling (this helps to differentiate LOCA's from

overcooling transients).
e High steam line radiation alarms (tube leaks only)

e Low letdown storage tank level (in the absence of all of the

above, this indicates a leak outside the containment)

NOTE: LOCA'S CAN BE DIFFICULT TO DETECT, ESPECIALLY IF THE
BREAKS ARE SMALL., IF THERE IS ANY DOUBT THAT AN ACCIDENT
IS A LOCA, ASSUME THAT IT IS AND TAKE APPROPRIATE LOCA
ACTIONS UNTIL CLEARLY PROVEN OTHERWISE. THE GENERAL
ACTIONS INCLUDE HPI COOLING, RC PUMP TRIP, AND COOLDOWN
TO COLD CONDITIONS.
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For. most LOCA's the general symptoms shown in Table F-2 will be apparent,
and other indications will supply additional evidence that a LOCA is in
progress. Table F-3 scopes the characteristics of a wide range of LOCA
break sizes and summarizes the other evidence to be used to diagnose that
. a LOCA is occurring. Table F-3 includes both the pressure-temperature re-
sponse characteristics and other event or plant symptoms for;' the complete
spectrum of LOCA's. Some LOCA's can be isolated. Table F-4 gives
symptoms for LOCA's that can be located and isolated. (This is Table 4b
from the "Abnormal Transient Di>agnosis and Mitigation" chapter repeated

here for convenient reference.)

6 Some LOCA's (such as large breaks) have such distinctive characteristics
that a quick diagnosis is assured. For .small LOCA's the event may not be
properly diagnosed for some time into the event, but core cooling 1is
assured so long as the ECCS systems are flowing fully and the RC pumps are
tripped on loss of subcooled margin. The symptoms in Tables F-2, F-3 and

F-4 should be studied because some LOCA's can be isolated and the loss of

. reactor coolant stopped.
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Corrective Actions for LOCA's - Imntroduction

As outlined in the Abnormal Transient Diagnosis and Mitigation chapter,
the actions to be taken in response to abnormal plant symptoms are aimed
at restoring and controlling primary-to-secondary heat transfer or
starting backup cooling methods. For LOCA's, in addition to restoring
primary-to-secondary heat transfer, an RCS cooldown and depressurization
must be started. The plant is not in a stable condition until it is
depressurized and the ECCS systems are aligned for long-term cooling
(unless the break 1is 1isolated). For large breaks, the plant will
depressurize quickly and only actions to establish and maintain long-term

cooling are required.

The three symptoms for which operator actions are based during any
abnormal event are:

1. Lack of Adequate Subcooled Margin

2. Lack of Primary to Secondary Heat Transfer (overheating)

3. Too much Primary to Secondary Heat Transfer (overcooling)

During a LOCA all of the above symptoms can exist at some time during the
transient. Lack of adequate subcooling and/or primary to secondary heat
transfer are the expected symptoms, because the loss of reactor coolant
will result in saturated conditions and impede the transport of core heat
to the steam generators. The following sections will show how to control
the RCS for LOCA, control containment cooling and ensure isolation, and

establish long-term cooling.
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Corrective Actions for LOCA's - Loss of Subcooling Margin

Figure F-12 outlines the symptoms of and general actions for a lack of sub-
cooling margin for a LOCA. Tripping the RC Pumps is a preventive action
for small breaks as discussed previously, and manual HPI actuation serves
as a backup to the normal sgart feature provided by the ES. Verification
of the HPI flows is a general action to be taken following HPI actuation
at any time, and is required to ensure that the greatest amount of pumped
flow enters the core. The chapter on Best Methods outlines specific ways
to correct abnormal HPI flows. ' The third action in Figure F-12 is raising
the steam generator water level to 95% on the operate range. Controlling
the water level high in the steam generator is required for small LOCAs
when the pumps are tripped because it aids boiler-condenser cooling (boil-
ing in the vessel anq condensing in the steam generator) for decay heat
removal and can help to establish natural circulation. When raising the
water level in the steam generators, full feedwater flow is not required.
FW should be throttled and the water level raised in a continuous and con-
trolled manner as described in the Best Methods chapter. The last action,
which is to attempt to locate and isolate the break, should be taken when-
ever a LOCA is suspected. Typically, the PORV and block valve should be
routinely closed under these conditions as a precautionary measure. In
addition, Table F-4 also outlines symptoms of other specific LOCA's which
can be located and shows how they can be isolated. By performing the four
actions given in Figure F-12, core cooling is assured for the full spec-
trum of small breaks. If the reactor coolant returns to a subcooled state

due to break isolation or system refill by HPI, the plant can be cooled
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down in a near normal manner if no other abnormal plant symptoms exist.
If saturated conditions persist with heat transfer to the steam generators
(see example P-T diagram on Figure F-12), additional evidence to support a
LOCA diagnosis should be gathered (see Tables F-2 and F-3). With evidence
to confirm or suspect a LOCA, an immediate cooldown of the system to
establish a stable long~term cooling mode should be started. If lack of
primary to secondary heat transfer (overheating) exists, these conditions

must be treated to restore use of the steam generators for plant cooldown.
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Corrective Actions for LOCA's with Lack of Primary-to-Secondary Heat
T

Transfer

Figure F-13 outlines the symptoms of and general corrective actions for a

lack of primary to secondary heat transfer (overheating) during a LOCA.
Actions are shown for two types of overheating transients. The first type
(right-hand port»ion of Figure F-13) is overheating due to a loss of second- ‘
ary inventory (no feedwater), and the corrective action is to use HPI cool-

ing (open PORV with two HPI pumps on) until feedwater is restored. The

second type is overheating due to reverse heat transfer (RC pressure drops

below secondary pressure) or due to loss of steam condensing surface in

the steam generators as the primary system refills., For reverse heat
transfer symptoms to exist, a fairly '"large" small break must be in pro-

gress because the break is large enough to depressurize the plant. For .
these LOCA's the primary and secondary systems can be recoupled by lower-

ing steam pressure. If RC pressure follows steam pressure, small break
cooldown procedures should be followed to establish long-term cooling.

For plant symptoms which imply a lack of primary to secondary heat trans-

fer due to the inability to condense steam in the generators, methods are
available to stimulate a return to 'normal" natural circulation. The .
method used to start natural circulation is to lower steam saturation
temperature about 50F below hot leg temperature and bump a RC pump (see

pump restart criteria in the '"Best Methods" chapter). When the pump is
bumped, RCS pressure will drop to secondary pressure as primary steam is

swept into and condenses in the steam generators. As a result of the ‘

reduction in primary system pressure, the HPI can add more water to the .
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primary system and the system may refill and establish natural circula-
tion. If the primary and secondary systems do not recouple after four
successive pump bumps, steam temperature should be dropped until it is
100F below the hot leg temperature and a RC pump should be started and run
continuously. After these actions, a cooldown can be started to establish
. a stable long-term cooling mode. If the RC pumps are not available, the
PORV can be opened (HPI cooling) to minimize the RCS pressure increase and
to increase HPI flow when lack of primary to secondary‘heat transfer

symptoms exist.

|
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Corrective Actions for LOCA's with Overcooliga

LOCA's are not overcooling events. Nevertheless, the P-T response of the
RCS during a LOCA can resemble a severe overcooling event (too much pri-
mary to secondary heat transfer) initially because the reactor coolant
pressure and temperature will drop to saturation and steam pressure can
also be low. Low steam pressure in both steam generators is possible ‘
(without equipment failures) because LOCA's can block the primary to
secondary heat transfer process. This similarity between non~LOCA and
LOCA events will be short-lived because the non-LOCA overcooling event

will return to a subcooled condition fairly rapidly after HPI is actuated.

Figure 22 in the Abnormal Transient Diagnosis and Mitigation chapter out-
lines diagnostic techniques and corrective actions for too much primary to ‘
secondary heat transfer. Corrective actions are identified for high steam
generator level (too much feedwater) and low steam pressure conditions.
These actions are also appropriate for LOCA's because equipment failures
can occur in conjunction with a LOCA to cause excessive heat transfer,
even when the reactor coolant is saturated. If steam pressure or feed-
water control in one steam generator is lost, that steam generator can be .

isolated and allowed to boil dry with no loss of core cooling capability.

Cooldown for Small Breaks

The actions identified in Figures F-12 and F-13 and Figure 22 of the
Abnormal Transient Diagnosis and Mitigation chapter allow the operator to

maintain the plant in a safe condition; but since the plant is still .
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at high pressure, the leak will continue (unless it has been isolated).
Cooldown and depressurization is required. At this point into the acci-

dent, the conditions can be one of the following:

‘ 1. Isolated LOCA with the plant at hot shutdown (forced or natural
circulation). |
2. Small break with HPI "on" and

a. Saturated coolant conditions with primary to secondary heat

on", restarted when treating lack of primary

transfer (RC pumps
to secondary heat transfer, or "off"); or
b. Subcooled coolant conditions with primary to seccndary heat
o transfer (RC pumps 'on" or "off"): or
c¢. Saturated coolant conditions (RC pumps '"off'") with no primary to
secondary heat transfer (HPI cooling).

3. Large break with the primary system completely depressurized.
Cooldown and depressurization from any of these conditions is possible

with or without steam generator heat transfer. Steam generator heat trans-
. fer will permit a faster cooldown and depressurization, but the plant can
be depressurized without it. Large breaks do not require depressuriza-

tion, but long term cooling must be established. The following section

will discuss cooldown from each of these conditions.
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Small Break Cooldown (With Primary to Secondary Heat Transfer)

a. Subcooled Cooldown

If the reactor coolant has a subcooled margin, the plant can be
cooled in a near normal manner to get on the decay heat removal
system for long-term cooling. The RC Pumps should be started (see RC
Pump restart criteria) if the plant is in a subcooled natural ‘
circulation condition on at least one generator. With RC Pumps
running and the reactor coolant subcooled, the steam generator water
levels can also be controlled at the normal forced circulation
setpoint. If the LOCA has been isolated, a pressurizer bubble can be
drawn and cooldown can proceed normally. If the LOCA is not isolated
and not in the pressurizer, a pressurizer bubble can be drawn using
the pressurizer heaters. The HPI system must be throttled to match .
the leak and to maintain the reactor coolant subcooled as the plant

is cooled and depressurized.

If the LOCA 1is in the pressurizer, a solid water cooldown is
necessary because RC pressure is controlled by the discharge pressure
of the HPI pumps. Té maintain plant control, HPI flow must be ‘
reduced slowly to reduce RCS pressure and coordinated with RCS
temperature control (by the secondary system) to maintain desirable
cooldown limits. Tight control of HPI is necessary at low RC
temperatures to avoid a sudden flow increase and subsequent increase

in system pressure. |
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For plant cooldown (with or without a pressurizer steam bubble) the
depletion rate of BWST should be monitored. If low BWST levels
occur, the LPI pumps must be aligned to take suction from the reactor
building sump and the HPI-LPI systems aligned in the piggyback mode
(HPI pumps take suction from discharge of the LPI pumps) so as to
maintain continuous RCS inventory control. The CFT's may also be
isolated if the plant is cooled down in a subcooled state.

Saturated Cooldown

For some small breaks, a plant cooldown with saturated reactor

coolant conditions will be necessary. In this mode, the steam -

pressure controls the reactor coolant temperature and RCS pressure.
Pressurizer bubble control is not possible when the RCS is saturated.
When steam pressure is reduced, the RCS pressure will drop as long as
primary steam can be condensed in the steam generator tube region.
For saturated cooldown, a high steam generator level 1is required and
the HPI cannot be throttled as long as the subcooling margin is lost.
The RCS may refill and reestablish subcooling during saturated plant
cooldown -because (1) the leak flow decreases and HPI flow increases
as RCS pressure is reduced, and (2) decay heat is slowly dropping.
If the RC Pumps are off, the need to apply corrective action for loss
of primary to secondary heat transfer (see left side of Figure F-13)
may again be necessary. BWST level should be monitored and, if it
gets low, the ECCS should be realigned to draw from the sump to

maintain continuous HPI injection. If the RCS remains in a saturated
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condition, the CFT isolation valves should not be closed unless the
tank's water volume has been depleted. The plant cooldown and
depressurization should be continued to acquire approximately 150

psig to establish long-term cooling.

When 150 psig is reached the normal decay heat removal system can be en- .
gaged if the reactor coolant is subcooled. The normal decay heat removal
system cannot be engaged if the reactor coolant is saturated, because
water level may not exist at the hot leg suction nozzle. When subcooled
with the normal decay heat removal system started up, continued makeup
either from the HPI or from the LPI (aligned to the sump or BWST) will
probably be required. If the LPI is used for makeup, then one string will
have to be aligned to the sump or BWST and the other aligned in the .
"normal" decay heat removal mode. Cooling in this configuration is re-
quired until the reactor coolant temperature is below 212F. At this time
the additional makeup can be stopped if the break location is above the
hot leg suction of the decay heat drop line. If it is below this level or

it is not known where the break is, makeup should continue.

Small Break Cooldown (Without Primary to Secondary Heat Transfer, HPI

Cooling)

If a LOCA occurs and primary to secondary heat transfer is not possible
due to a total loss of feedwater, HPI cooling is used to maintain the core
cooled. Generally, as discussed in the Backup Cooling Methods chapter,

this is not a preferred method of plant control and alternative actions to ‘
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restore primary to secondary heat transfer should be started at once.
Should long-term reliance on HPI cooling be necessary, the operator's
primary responsibitlities while the system is saturated are:
1. To open the PORV and leave it open.
2. To monitor the performance of the HPI system and realign the HPI in
. piggyback with LPI to draw from the sump on recirculation if the BWST

runs out.

While saturated conditions and no primary to secondary heat transfer
exist, it is not possible to make the plant depressurize. Depending on
the break size and location, the number of HPI pumps operating, and the
plant decay heat level, some different system trends that can occur are:
‘ 1. A slow but continuous depressurization as decay heat drops and the
break is able to remove more energy.
2. Repressurization to the PORV or pressurizer code safety valve
setpoint followed by a slow depressurization as decay heat drops.
| 3. Either of the above followed by reestablishment of subcooled
conditions (some small breaks will never allow a system refill and

‘ re-establishment of subcooled conditions)

Should the RCS return to a subcooled condition, HPI can then be throttled
to slowly depressurize the plant as the reactor coolant temperature drops.
Because there is little or no circulation within the RCS, the incore therm-

ocouples must be used to gauge the reactor coolant subcooling margin. The
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HPI must be carefully controlled to maintain the primary pressure and
temperature conditions to the left of the subcooling margin curve but to
the right of the RV brittle fracture limits (see Figure 25) until the DHR

system can be engaged.

HPI cooling will eventually allow establishment of a long-term cooling ‘
mode where the DHR System (normal or LPI mode) can be used to keep the
core cooled. This mode of core cooling (HPI cooling) should be maintained

only until alternate means of cooling are possible.

Long Term Cooling

Long-term cooling is defined as the time after a LOCA where the Decay Heat ‘
Removal System, either in a normal or emergency mode (LPI), is operating
and can be used for core heat removal. The duration of long-term cooling
is the period between the onset of long-term and the end of core cooling
requirements by the ECC system. The end of core cooling requirements is
the time when the core is removed from the reactor vessel or other perma-
nent means are used for core heat removal. The exact duration of
long-term cooling will vary depending on several factors, including the .
size of the break and the radiation release.. For the worst case LOCA

(i.e., a large break), the duration of the long-term cooling period may
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vary from one month to a maximum of one year depending upon the resulting
accident consequences. For large breaks, long-term cooling could begin as
soon as 30 minutes after the break occurs. For small breaks, long-term
cooling conditions may take days to achieve depending on how fast the

plant can be cooled and depressurized.
Table F-5 presents a summary of actions required to establish and maintain
long-term cooling following a loss-of-coolant accident. Table F-5 in-

cludes both core cooling and containment related actionms.

To Establish Long-Term Cooling

To establish long-term cooling after a small break, the decay heat removal
system can be aligned with one train in the decay heat removal mode (sub-
cooled only) and the other train in the LPI mode (possibly with HPI piggy-
back from the sump or from the BWST). If the system is saturated, recircu-
lation from the sump in the LPI mode (possibly with HPI piggyback) estab-
lishes long-term cooling. To establish long-term cooling for large

breaks, the LPI system is placed in the recirculation mode from the sump.
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Boron Precipitation

Within twenty-four hours after a LOCA, actions should be taken to preclude
the possibility of boron precipitation. If the RCS is subcooled and one
DHR train is successfully operating in the normal decay heat removal mode,
then no further actions are required to prevent boron precipitation. How- .
ever, if the RCS is not subcooled, other actions will be required. With a
large hole in certain areas of the RCS, the reactor can, acting like a
distiller, boil off almost pure steam and leave impurities (mostly boron)
to concentrate in the vessel. If enough boron accumulates, core flow
blockage might occur. To limit the boron concentration, the following
steps should be taken:
1. Open the series dump-to-sump valves located upstream of the DHR drop- .
line isolation valves. Verify flow through this dump line.
2. If Step 1 is not successful, open the DH drop line isolation valves
and the alternate sump flow path (LP-105 on Unit 1; backflow through
'B' train sump suction line for Units 2 & 3).
3. If Step 2 is not successful, open the auxiliary spray to the pressuri-
zer. This will route relatively diluted injection water to the area
above the core. The flow path is through the auxiliary spray line .
into the pressurizer, out of the pressurizer through the surge line

into the hot leg and then into the vessel.
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Preserving the LPI System for Long Term

If a large break LOCA has occurred, or if a small break LOCA has occurred
that is in a location that does not permit use of the decay heat system in
the normal mode (for core cooling or prevention of boron precipitation),
‘ it may be desirable to take one decay heat pump (in addition to the stand-
by pump) out of service to preserve it for the future (so it can be placed
back in use if the operating train develops problems). One decay heat
pump can be removed from service safely 1if sump recirculation is in
progress and the LPI flow in each train (from the remaining pump through

the cross-connect line) is equal to or greater than 1000 gpm.
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Table F-3  SUMMARY OF GENERAL LOCA SYMPTOMS

~

INITIAL P-T DIAGRAM CHARACTERISTICS
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a. Rapid system depressuriza-
SUPERHEAT tion to saturated reactor
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POSSIBLE EVENTS OR OTHER PLANT LEVEL SYMPTOMS (EXTRACTED FROM LOCA CONCEPTS SECTION)

SMALL SMALL BREAK LARGE

LEAK Small Large BREAK

1. Excessive Makeup X X - -
2. Decreasing Pressurizer Level and Pressure X X X X
3. Reactor Trip X X X X
4. ES Actuation (Low RC Pressure) X X X
5. Loss of Subcooled Margin X X X
6. Lack of Primary to Secondary Heat Transfer X

(System Repressurization along Saturation

Curve)
7. Reverse Primary to Secondary Heat Transfer X X
8. Rapid Depletion of CFTs : X
9. Rapid Drop in RCS Pressure to where LPI X

System becomes Operative
10. Rapid Increase in RB Pressure and Temperature*
11. Increasing RB Radiation Levels* X X
12. Inadequate Core Cooling Symptoms**

*Degraded containments conditions can occur for other events such as steam or feedwater line breaks
inside containment. These non-LOCA events would not have high containment radiation levels. High
containment radiation levels are thus a good indicator that a LOCA is in progress.

**For large breaks, the core exit thermocouples can indicate superheated coolant conditions from
approximately the end of blowdown to up to 10 minutes into the reflood portion of the event. This
is an expected condition. Because the RC pressure is reduced to where the LPI system is fully
operational, actions specified for ICC are not required. The core's temperature excursion will
be terminated when CFT and LPI water reflood the reactor vessel.



THIS CHART WILL AID IN LOCATING SOME BREAKS; ALL BREAKS CANNOT BE LOCATED.
ISOLATED AND THE LOCA CAN BE STOPPED.

WILL CHANGE BUILDING RADIATION LEVELS.

Table F-4 SYMPTOMS FOR LOCAs THAT CAN BE LOCATED
OR ISOLATED

SOME BREAKS WHICH CAN BE LOCATED CAN ALSO BE

IT MAY BE DIFFICULT TO DISTINGUISH SMALL STEAM LINE LEAKS INSIDE CONTAINMENT
FROM LOCA'S; BUILDING ENVIRONMENT WILL CHANGE FOR BOTH AND THE STEAM PRESSURE WILL NOT ALWAYS BE LOW.

HOWEVER, A LOCA

SYMPTOMS FOR LOCA'S THAT CAN BE ISOLATED

SYMPTOMS FOR LOCA'S THAT CANNOT BE ISOLATED

(Symptoms or alarms most likely to show location are underlined)

(Symptoms

or alarms most likely to show location are underlined)

FATLURE LOCATING SYMPTOMS ISOLATING HARDWARE FAILURE LOCATING SYMPTOMS
Makeup and - Low letdown storage tank Letdown valve 1) Steam Generator Tube(s) - High steam line radiation
purification level upstream of - High steam generator level

system outside
containment and
letdown coclers

Seal return
line and seal

High compenent cooling

water surge tank level
(for breaks in Tetdown
cooler)

Local sump levels,
radiation alarms

High CC discharge tempera-
ture from letdown coolers

Low letdown storage tank
level

coolers

Seal return**1)
isolation valve

Pressurizer Safety Valves

HPI Injection

- High condenser radiation

_- Flow Monitor Alarm

- High quench tank level

- High quench tank temperature
(These will only be good while the
quench tank rupture disk is good)

Line Break - Flow imbalance between injection**3)

return cooler - High RCW radiation lines
outside contain- - High RCW surge tank level (High flow will be through broken
ment (for breaks in seal return 1ine)
cooler)
- Local sump Tevels, .
radiation alarms RC Pump Seal Failure : - High seal return temperature (~350°P

Pressurizer
electromatic
relief valve

Makeup-Tetdown

(

High seal return flow

High RCW seal return cooler
discharge temperature
(local)

Flow Monitor Alarm
High quench tank level
High quench tank temp-
erature
These will only be good
when the quench tank
rupture disk is good)

High letdown storage tank

PORV isolation valve

Letdown control**1)

combined with:
Low stage and upper stage pressures
are equal and high

RCS Instrumentation Lines
- Pressurizer Level - False low level reading

- Pressures
- RC Flow

**Footnotes:

- False Tow pressure
- False high or low flow compared with
known pump operation

1) Do not allow letdown storage tank to drain or operating

imbalance (this is Tevel valve makeup pump will lose suction and fail.

not a break, but is - Bleed holdup tank level 2)

a loss of coolant) Makeup flow rate (+) seal
injection flow (-) letdown
flow

Inadequate Core Cooling Guidelines for loss of decay
heat removal should be implemented.

3) Break cannot be isolated to prevent either loss of reactor
coolant or loss of injection water, but the orifice wi]!
1imit the HPI flow out the break. Balancing the two main
injection lines for maximum flow, which is done after any
HPI actuation, will ensure adequate pumped flow enters the
core. It should be noted that with three HPI pumps started
automatically, Train A flow will be 40-50% higher than
Train B flow regardless of RCS pressure.

Decay heat letdown**
drop line valve

Decay heat removal - High or low decay heat
line break outside removal flow
containment (decay heat -Low pump suction press.
removal system in - Local sump and Tocal
operation-plant is radiation alarms

cooled down)

Cooler isolation
valves

Decay heat cooler
tube leak (decay
heat removal sys.
*in operation- plant
is cooled down)

- High LPSW temperature at
DH cooler outlet.




- Figure F-1 FLUID HISTORY DURING A LARGE BREZXK

NN N AN N
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S0 O °o°° 0?300000000
] FROM HP|
FROM HPI > = FRON HP1 C> SYSTEM -
SYSTEM SYSTEM
PRE-LOCA INITIAL CONDITION END _OF BLOWDOWN END OF REFILL
RCS INVENTORY 1S NORMAL WiTH THE REACTOR A LARGE BREAK HAS OCCURRED AND NEARLY ALL OF THE INITIAL REACTOR COOLANT THE ECCS HAS REFILLED THE REACTOR VESSEL
AT POWER AND THE RC PUMPS 'ON'. INVENTORY HAS ESCAPED TO THE RB. BLOWDOWN LASTS ANYWHERE FROM 20-200 UP T0 THE BOTTOM OF THE CORE REGION
SECONDS DEPENDING ON THE BREAK SIZE AND ENDS WHEN THE RCS AND RS
PRESSURES EQUALIZE. AT THE END OF BLOWDOWN THE CFT'S WILL BE OPERATIVE
AND THE HKPI/LP1 SYSTEMS WILL BE FUNCTIONAL WiTHIN 35 SECONDS FOLLOWING
ESAS ACTUATION.
N AN \\\
N
1 FROM CORE
£ FLOGD TANKS
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MAIN > /0 N ) Py
k%o N WATER 7 WATER
FEEDWATER 0% 00950 °o
00 o o
o0 ,° ° o o [<I-) o
o [e]
;;53;0 o (ig‘ o o © °l°0°°
NOTE: o o
COOLING WATER WOULD o 2 o ° o TNO PHASE
FRON W1 i el OVERFLOW THE DOWNCOMER . 52 © 4 0° o] LIQUID STEAM
AND SPILL OUT THE ° °
SYSTEM NAIN 0’—‘ [« ° Og o \0
BREAK. FEEDWATER / o4 °
Page) o - \\
6 o o \\ STEAM
REFLOOD - COLD LEG BREAK o, °d_Jo N\
C o
FROM HP1 > — VON
DURING REFLOOD THE ECCS FLOODS THE REACTOR VESSEL WITH WATER. SYSTEN - SYSTEM 'ON
RESTORES CORE COOLING, AND REFILLS THE SYSTEM UP TO THE ELEVATION
OF THE BREAK. THE CFT'S EMPTY DURING REFLOOD, AND THE LP! SYSTEM - ] SYSTEM 'OFF
. PROVIDES THE COOLING WATER TO REFILL THE SYSTEM. CORE COOLING WILL REFLOOD - HOT LEG BREAK

BE MAINTAINED AS LONG AS LPY FLOW IS CONTINUED.



REFERENCE
POINTS

—_—

!
2

10

DOUBLE-ENOED COLD LEG BREAK AT DISCHARGE OF RC PUMPS

TIME
(SECONDS) REMARKS
0.0 LOCA DCCURS WITH THE PLANT INITIALLY AT 100% POWER,
<i.0 RCS PRESSURE DROPS TO RPS TRIP SETPOINT AND A
REACTOR TRIP IS INITIATED.
<i.0 SUBCOOLING MARGIN S LOST.
<1.0 ES ACTUATED ON LOW RC PRESSURE AND HIGH RB PRESSURE,
HP{ AND LP1 WILL BECOME OPERATIVE WITHIN 35 SECONDS.
<1:0 THE REACTOR 'COGLANT SATURATES IN THE HOT LEGS.
12.0 RCS PRESSURE OROPS BELOW SECONDARY SIDE PRESSURE;
THE SG’s BECOME A HEAT SOURCE INSTEAD OF A HEAT
SINK.
17.0 RCS PRESSURE DROPS TO 600 PSIG AND BORATED WATER
FROM THE CFTs BEGINS TO ENTER THE REACTOR VESSEL.
4.0 THE END OF BLOWDOWN IS REACHED AS THE RCS AND

CONTAINMENT EQUALIZE IN PRESSURE (~ 20-40. PSIG).
THE RCS 1S ESSENTIALLY YOID (LITTLE OR NO WATER
EXISTS) AND THE CORE OUTLET THERMOCOUPLES WOULD
INDICATE SUPERHEATED CONDITIONS.

35.0 END OF REFILL. THE RY WAS BEEN REFILLED UP T0
THE BOTTOM OF THE ACTIVE CORE. AT THIS TIME,
THE HP! AND LPI SYSTEMS ARE FULLY OPERATIVE.

50.0 THE CFT WATER VOLUME IS DEPLETED.

380.0 THE CORE 1S RECOVERED BY WATER AND THE FUEL'S
TEMPERATURE EXCURSION 1S TERMINATED. THE CORE
EXIT THERMOCOUPLES RETURN TO SATURATED CONDiTIONS.

Reactor Coolant And Steam Outlet Pressure, psig
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Figure F-2 SYSTEM RESPONSE FOR LARGE

BREAK IN COLD LEG PIPING

WOTE: FOR A LARGE BREAK STEAM PRESSURE &
- TEMPERATURE WILL SLONLY DROP AFTER
REFERENCE POINT 6. POST TRIP
- ¥ INDOY ,
- SUBCOOLED
REG1ON
5

STEAM PRESSURE LIMIT ‘&

[~ SUBCOOLED
MARGIN LINE

=

\

2
SATURATION g

I 1

END POINT-POST TRIP WITH FORCED
CIRCULATION (Tygr & Teguo) AND FOR

NATURAL CIRCULATION (Tggyp)

NORMAL OPERATING POINT-POWER
OPERATION (Tyop)

END POINT-POST TRIP WITH NATURAL
CIRCULATION (Tyor)
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) Figure F-3 SYSTEM RESPONSE FOR LARGE BREAK
IN HOT LEG PIPING

DOUBLE -ENDED HOT LEG BREAK

REFERENCE TINE 2600
POINTS  (SECONDS) REMARKS NOTE: DURING A LARGE BREAK STEAM PRESSURE &
- 200 - TENPERATURE WILL SLOWLY DROP AFTER
i 0.0 LOCA OCCURS WITH THE PLANT INITIALLY AT 100% POMER. REFERENCE POINT 6). bOST TRIP
2 <1.0 RCS PRESSURE DROPS TO RPS TRIP SETPOINT AND A REACTOR TRIP IS IN{TIATED. w 2200 F WiNDOW \ T
3 <10 SUBCOOL ING MARGIN 1S LOST. L 0 f
4 <10 ES ACTUATED ON LOW RC PRESSURE AND HIGH RB PRESSURE. HPI AND LPI 2 ] SUBCOOLED
WILL BECONE OPERATIVE WITHIN 35 SECONDS. 2 80 - REGION SUPERHEAT
- REGION
5 <1.0 THE REACTOR COOLANT SATURATES IN THE HOT LEGS. 2 00 f
6 4.9 RCS PRESSURE DROPS BELOW SECONDARY SIDE PRESSURE; THE SG'S BECOME 2
A HEAT SOURCE INSTEAD OF A HEAT SINK. g M0
7 9.0 RCS PRESSURE DROPS TO 600 PSIG AND BORATED WATER FROM THE CFTs BEGINS 2 oo
T0 ENTER THE REACTOR VESSEL. - STEAN PRESSURE LINIT
s 1000 | \ 6
8 18 THE END OF BLOWDOWN |S REACHED AS THE RCS AND CONTAINWENT EQUALIZE IN s -—— - —— — " — —— —
o S END POINT-POST TRIP WITH FORCED
:RESSURE (~ 20-40 PSIG). THE RCS IS ESSENTIALLY VOID (LITTLE OR NO ; s00 L CIRCULATION (Tygr & TopLg) AND FOR
ATER EXISTS) AND THE CORE OUTLET THERWOCOUPLES WOULD INDICATE £ A NATURAL CIRCULATION (Tggp)
SUPERHEATED COND1TIONS. 2 600 b
SUBCOOLED ! R NORMAL OPERATING POINT-PONER
9 19 END OF REFILL. THE RV HAS BEEN REFILLED UP TO THE BOTTOM OF THE ACTIVE MARGIN N OPERATION (Tyop)
CORE. AT THIS TINE, THE HPI AND LP1 SYSTEMS ARE FULLY OPERATIVE. 400 - 89 1011 LINE - v
e SATURATION r 1END POINT-POST TRIP WITH NATURAL
10 30 THE CFT WATER VOLUME IS DEPLETED. w0 b C-JCIRCULATION (Tygy)
1" 350 THE CORE IS RECOVERED BY WATER AND THE FUEL'S TEMPERATURE EXCURSION IS . : |
TERMINATED.  THE CORE EXIT THERMOCOUPLES RETURN TO SATURATED CONDITIONS.
200 300 400 500 600

Reactor Coolant And Steam Outiet Temperature, F
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TYPICAL SYSTEM RESPONSE DURING

—\ Figure F-4

psig

Reactor Coolant anag Steam Dutlet Pressure,

©
o)
U & FLOW CIRCULATION PHASE OF A
¥ FLOOD TANKS FLOOD TANKS o A | FLOOD TANKS i
O]
] " | > SMALL BREAK
e > | <3 enon e i bl 3 <J FRON LRI |0 LAGLE 2 | FRON LPY °
0 SYSTEM AP SYSTEN S o ‘]\' SYSTEN A
N b A
MAIN STEAN STEAM R
STEAR — £ o X
o o
o o
o
> -//‘ ° f 0o ©
o °[[ooc°S ° 4 °fo?® o0 y
L e 7 L
\I 4 J NI
° o .
. miv > . 3 NOTE:  TWO-PHASE NATURAL
w i > WorE:  ARROWS INPLY RC puNPS ruumzn¢ MO TR P aND: i = VELeaT i Srars
FEEDWAYER ARE ‘ON’ AND FORCED SYSTEN IS IN THOD- WHEN SUFFICIENT
FLOW EXISTS, PHASE NATURAL STEAM BUILDS UP IN
/‘ CIRCULATION THE HOT LEG T0 PREVENT
- : WATER CARRYOVER T0 SG.
FROK HPI —
FROW HP1 0> — il FRON vpy i —
SYSTEM

2600

2400

2200

2000

1800

1600

1400

1200

1000

600

600

400

TYPICAL SYSTEM RESPONSE UP TD REACTOR TRIP
(POINTS 1 TD 2 ON P-T DIAGRAM)

THE SWALL BREAK OCCURS AND SUBCOOLED REACTOR COOLANT 1S LOST
AT A FASTER RATE THAN CAN BE SUPPLIED BY THE MU SYSTEM.

PRESSURIZER LEVEL DROPS, AND RC PRESSURE DECREASES AS THE
PRESSURIZER STEAM SPACE EXPANDS. LITTLE OR KO CHANGE OCCURS
IN THE REACTOR COOLANT TEMPERATURE: THE REACTOR COOLANT
RENAINS SUBCOOLED.

THE REACTOR TRIPS ON VARIABLE TEMPERATURE AND PRESSURE
{DIAGONAL PORTION OF THE RPS TRIP ENVELOPE), AND THE RODS
ENTER THE CORE AND SHUT DOWN THE FISSION PROCESS. CORE
POWER DROPS TO DECAY HEAT LEVELS.

THE TURBINE TRITS, AND A MAIN FEEDWATER RUNBACK TO CONTROL SG
LEVEL AT THE LOW LEVEL LIMIT BY THE 1CS 1S STARTED,

THE REACTOR COOLANT TEMPERATURE DROPS (SIMILAR TO THAT WHICH
OCCURS AFTER ANY REACTOR TRIP); AN INCREASE IN THE OUTSURGE
FROM THE PRESSURIZER OCCURS TO COMPENSATE FOR TEMPERATURE
REDUCTION (SHRINKAGE) OF THE REACTOR COOLANT; AND PRESSURIZER
LEVEL AND RC PRESSURE CONTINUE TO DROP.

POST TRIP
WINDOW

-

SUBCOOLED
REGION

POSS|BLE RECOVERY
PATH (F BREAK IS
- VERY SMALL

$6 Tsay

o STEAM PRESSURE

[SL Rt
S S

5
1

SATURATION

r-
|

SUBCOOLED
r MARGIN LINE

=N

7//77)

SUPERHEAT
REGION

END POINT-POST TRIP WITH
FOMCED CIRCULATION » Tyoy

L Toorp! AND FOR NATURAL
CIRCULATION Tegyp!

NORMAL DPERATING POINT-POWER
OPERATION Thar?

END POINT-POST TRIP Wi TN
NATURAL CIRCULATION Tagrt

wad

1 L
400 450 500 550

1
600 690 1

Reactor Coolant and Steam Outiet Temperature, F

POST-TRIP EVOLUTION TO TWD-PHASE NATURAL CIRCULATION
(POINTS 2 T0 3 ON P-T DIAGRAM)

1. RCS PRESSURE AND PRESSURIZER LEVEL CONTINUE TO DROP OUE TO
THE LOSS OF REACTOR COOLANT AND RCS CONTRACTION FOLLOWING THE
REACTOR TRIP.

2. BECAUSE COOLANT IS BEING LOST, RCS PRESSURE OROPS
FASTER THAN NORMAL. AS A RESULT, THE REACTOR COGLANT SUBCOOL-
ING MARGIN 1S LOST, ES (S ACTUATED ON LOW RCS PRESSURE, THE
PRESSUR1ZER EMPTIES, AND THE HOT LEG SATURATES.

3. HPI IS STARTED; THE RC PUNPS ARE TRIPPED MANUALLY; MF¥ IS
AUTOMATICALLY DIVERTED TO THE UPPER NOZZLES WHEN THE RC PUMPS
ARE TRIPPED; AND THE PRESSURIZER LEVEL GOES OFF SCALE LOW.

4. RCS FLOW DECREASES TO NATURAL CIRCULATION LEVELS AS THE PUMPS
COAST DOWN.

5. STEAM BEGINS TO COLLECT IN THE PRIMARY SYSTEM LOOPS
@ STEAM ENTERS THE HOY LEG FRON THE PRESSURIZER

@ SOME OF THE REACTOR COOLANT FLASHES TO STEAM BECAUSE
THE SYSTEM PRESSURE 1S OROPPING

@ STEAM CAN POSSIBLY BE FORMEG IN THE CORE IF THE REACTOR
COOLANT IN THE CORE SATURATES AND BOILING OCEURS.

6. TWO-PHASE NATURAL CIRCULATION IS N PROGRESS.

NOTE: AT THIS POINT INTO A SKALL BREAK, THE SYSTEN
RESPONSE CAN GO IN TWD DIRECTIONS. IF THE
BREAK IS VERY SMALL, THE STEAM WITHIN THE
PRIMARY SYSTEM CAN BE CONDENSED WiTHIN THE
STEAM GENERATOR OR BY COLD HP1 WATER, AND THE
REACTOR CODLANT CAN BE RETURNED TO A SUBCODLED
STATE. ONCE THE REACTOR COOLANT SUSCOOLING
MARGIN 1S ESTABLISHED, THE HPi CAN BE THROT-
TLED AND A HOT SHUT DO¥N CONDITION CAN BE
ACHIEVED. IF THE BREAK IS SOMEWHAT LARGER,
ADDITIONAL STEAM WILL BE FORMED (SEE NEXT
SEQUENCE).

SYSTEM RESPONSE TO THE END OF FHE "FLOW CIRCULATION" PHASE
(POINTS 3 TO 4 ON P-T DIAGRAM)

THE RCS P&T (S SLOWLY OROPPING AND APPROACHING THE SATURATION
PRESSURE AND TEMPERATURE OF THE STEAN GENERATORS.

2. ADDITIONAL STEAM IS FORMED, AND THE STEAN AND WATER START T0

SEPARATE (1.E.. STEAM CAN RISE FASTER BECAUSE I7 IS LIGHTER).

STEAM WILL START TO ACCUMULATE IN LARGE ANOUNTS IN THE HIGH
POINTS N THE SYSTEM (UPPER HEAD OF REACTOR VESSEL AND UPPER
HOT LEG PIPING).

AS STEAM COLLECTS N THE UPPER HOT LEG PIPING, THE TWO-PHASE
NATURAL CIRCULATION FLOY DRDPS: THIS ENCOURAGES BOILING iN
THE CORE AND MORE STEAM PRODUCTION.

THE VOLUME OF THE HOT LEG OCCUPIED BY STEAM GROWS: AND THE
UPPER HOT LEG 180° ELBOWS BECOME COMPLETELY OCCUPIED BY
STEAR,

TWO-PHASE NATURAL CIRCULATION STOPS AS WATER {S NO LONGER
CAPABLE OF .FLOWING UP THE HOT LEG PIPING AND INTO THE STEAM
GENERATORS.

THE "FLOW CIRCULATION" PHASE (S OVER.

LEGEND

PRIMARY SIDE

D WATER

TKO PHASE L14uiD

SECONDARY SIDE

WATER

STEAM

LN

@ ssien o
<3 sisTEw ‘oFF
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Table F-5 SUMMARY OF LONG-TERM
COOLING ACTIONS

ACTIONS TO MAINTAIN CORE COOLING

1. ECCS Alignments

a. For saturated reactor coolant conditions (RCS pressure < 150 psig):

e UYhen BWST reaches Tow level limit, transfer suction of LPI pumps to containment sump.

e If LPI flow in each train is > 1000 gom, HPI can be stopped. If LPI .flow in each train can be main-
tained > 1000 gpm with one LPT pump, the other LPI pump can be stopped to preserve it for future use.

e If neither or only one LPI train flow is > 1000 gpm, run two HPI pumps in the piggyback mode.
b. For subcooled reactor coolant conditions (RCS temperature < 280F):

e If both LPI pumps are operative, place one LPI train in normal decay heat removal mode. Cool
down to 100F with decay heat coolers.

o If only one LPI pump is operative, maintain SG cooling. Control RCS inventory using HPI with
suction from BWST or in piggyback mode. Start normal decay heat removal when second LPI pump
becomes available.

2. Start Action within 24 Hours to prevent boron precipitation following large breaks.

a. Try to establish normal decay heat removal if two LPI pumps are available, or
b. Establish gravity draining from the hot leg to the reactor emergency sump, or -
c. Start the auxiliary spray to the.pressurizer.

CONTAINMENT ENVIRONMENT ACTION

1. Containment Sprays

a. On low BWST level, switch suction of spray pumps to RB sump (switched when LPI pump suctions are switched).

b. Once containment pressure turns around and decreases below 4 psig, the sprays can be shut off.

NOTE: Emergency coolers should be kept running.

2. Hydrogen Purge

a. Draw samples of containment atmosphere and monitor hydrogen concentration.
b. Start hydrogen purge system when hydrogen concentration exceeds 3.5%.
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Figure F-5a SYSTEM RESPONSE FOR SMALL BREAK WHICH
CONTINUALLY DEPRESSURIZES THE RCS

0.5 FTZ BREAK IN COLD LEG PIPE
(0.5 FT2 BREAK [N COLD LEG PIPE)
REFERENCE TINE
POINTS £SECONDS) _REMARKS 2600
1 i} LOCA OCCURS WITH REACTOR INITIALLY AT POWER: BREAK IS | NOTE: §[§QTYP3§3§”ZETQEDREE!géﬁél“ﬁﬁ,:?”k”
EQUIVALENT TO 9.5 INCH DIAMETER HOLE. - 2400 )
: (REVERSE HEAT TRANSFER WOULD BE
12 0-.2 PRESSURE DROPS DUE TO RELEASE OF REACTOR COOLANT QUT 200 F INDICATED) POST TRIP : ———n
THE BREAK. o vinoow Tl w__J
2 0.2 RPS TRIP SETPOINT IS REACHED: = L
CHED; A REACTOR TRIP IS o 2000 THot SUPERHEAT
INITIATED, @ REGION
2-3 0.2-0.5 BREAK IS LARGE ENOUGH TO DEPRESSURIZE THE RCS T0 2 1e00 I SUBCOOLED REGION
SATURATED CONDITIONS BEFORE PRESSURIZER EMPTIES. & APPROX IMATE
WITHIN 0.5 SEC. ES IS ACTUATED AND THE RC PUMPS - RESPONSE OF ~— ]
SHOULD BE TRIPPED BECAUSE SUBCOOLING IS LOST. = 1600 [0 TeoLp
3 0.5 HOT LEG SATURATES. S
URATES £ 1400 [
3-4 0.5-40 RC PUMPS ARE TRIPPED AND MFW FLOW IS DIVERTED TO THE UPPER NOZZLES. 2
THE RCS CONTINUES TO DEPRESSURIZE [N A SATURATED STATE AND - 1200 F
THE HP1 BEGINS TO DELIVER FLOW TO THE RCS. £ STEAM PRESSURE LIMIT
4 40 THE "FLOW CIRCULATION" PERIOD ENDS, AND THE PRIMARY 5 100 F __\\\__
SIDE PRESSURE AND TEMPERATURE DROP BELOW THE PRESSURE B - - - — - - — — — - T =
AND TEMPERATURE OF THE SG's. THE SG's BECOME A HEAT © so0 F 3 END POINT-POST TRIP WITH FORCED
. SOURCE . s /] CIRCULATION (Tygy & Tggup) AND
4.5 40-110 BOTH THE HOT AND COLD LEG ARE SATURATED, AND RC PRESSURE S s00 I SUBCOOLED FOR NATURAL CIRCULATION (Tgqup)
CONTINUES TO DROP. BARGIN LINE § QSE::#|35E?¢TINE POINT-POWER
N
5 110 RC PRESSURE HAS DROPPED T0 600 PSIG AND THE CFT's BEGIN 480 _ HoT
ADDING WATER TO REACTOR VESSEL. C o e At o an
- | -
$-6 110-200 RCS PRESSURE CONTINUES TO DROP. ES ACTUATION AT 500 PSIG 200 : HoT
STARTS LPI. . \ A
5 200 RCS PRESSURE IS BELOW 200 PSIG AND THE LP| PUMPS BEGIN 200 300 400 500 600 700
TO DELIVER FLOW TO THE REACTOR VESSEL.
7 200 THE RCS BEGINS TO REFILL BACK TO THE ELEVATION OF THE Reactor Coolant And Steam Outlet Temperature, F
BREAK. CORE COOLING WILL BE MAINTAINED SO LONG AS LPI
IS CONTINUED.
75
2500
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3
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2 1500 =
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a 2
< 1000 2
: s 5[
=
500 |
¢ 0 I 1 1 1 1} 1 1 1 ] 1 A ’
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REFERENCE TIME

POINTS (SECONDS)

1 0
1-2 0-5.0

2 5.0
2-3 5-18

3 18
3-4 18-140

4 140
4-5 140-270

5. 270
5-6 210-910

6 910

7 >910

0.1 F12 COLD LEG BREAK

REMARKS

LOCA OCCURS WITH REACTOR INITIALLY AT POWER, BREAK 1S EQUIVALENT
TO 4.3 INCH DIAMETER HOLE

RCS PRESSURE AND PRESSURIZER LEVEL DROP DUE TO LOSS OF REACTOR
COOLANT OUT THE BREAK.

RPS TRIP SETPOINT IS REACHED; REACTOR TRIPS.

RCS DEPRESSURIZES TO SATURATED CONDITIONS; ES 1S ACTUATED ON LOW
RC PRESSURE; AND THE PRESSURIZER EMPTIES.

PRESSURIZER |S COMPLETELY EMPTY AND THE HOT LEG 1S SATURATED.

THE RCS CONTINUES TO DEPRESSURIZE. THE RC PUMPS ARE TR{PPED; MFW
FLOW IS DIVERTED TO THE UPPER NOZZLES; AND TWO-PHASE NATURAL
CIRCULATION EVOLVES.

THE "FLOW CIRCULATYON" PHASE ENDS; THE RCS IS IN BOILER-CONDENSER COOLING.

THE RCS CONTINUES TO DEPRESSURIZE. STEAM PRESSURE DROPS DUE TO
REDUCED PRIMARY TO SECONDARY HEAT TRANSFER.

PRIMARY PRESSURE DROPS BELOW THE SECONDARY PRESSURE.
ARE NOW A HEAT SOURCE.

THE SG'S

RCS PRESSURE CONTINUES TG DROP.

RCS PRESSURE HAS DROPPED TO 600 PSIG AND THE CFT'S BEGIN ADDING
WATER TO THE REACTOR VESSEL.

THE RCS WILL CONTINUE TO DEPRESSURIZE SLOWLY UNTIL THE LPI SYSTEM
BECOMES OPERATIVE.
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Figure F-5b

»
SYSTEM RESPONSE FOR SMALL BREAK

WHICH CONTINUALLY DEPRESSURIZES

THE RCS (0.1 FTZ COLD LEG BREAK)

-

POST TRIP
YINDOW

STEAM PRESSURE AND TEMPERATURE
WOULD SLOWLY DROP AFTER REFERENCE
POINT 5. REVERSE HEAT TRANSFER
WOULD BE INDICATED.

SUBCOOLED
REGION

STEAM PRESSURE

LIIIT-—-Yi

[N
r

b
I
| |
- 4

SUPERHEAT
REGION

ENC POINT-POST TRIP WITH
FORCED CIRCULATION (Tyop

L Togeg) AND FOR NATURAL
CIRCULATION (Tgg )

NN

NORMAL OPERATING POINT-PONER
OPERATION (Tygp)

7777}
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- L _J NATURAL CIRCULATION (T )
HOT
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REFERENCE TINE
POINTS (SECONDS)
1 0
1-2 0-15
2 15
2-3 15-23
3 23
3-4 23-30
4 30
4-5 30-340
5 340
6 >340

0.64 F12 COLD LEG BREAK

REMARKS
LOCA GCCURS WITH REACTOR INITIALLY AT POWER; BREAK {S EQUIVALENT TO 2.7 INCH
DIAMETER HOLE.
RCS PRESSURE AND PRESSURIZER LEVEL DROP DUE TO THE LOSS OF REACTOR COOLANT
PRESSURE DROPS TO RPS SETPOINT; THE REACTOR TRIPS.

RCS PRESSURE CONTINUES TO DROP AND SUBCOOLING MARGIN 1S LOST. AN RC PUMP TRIP
IS REQUIRED.

ES ACTUATED ON LOW RC PRESSURE
THE PRESSURIZER EMPTIES AND THE HOT LEG CONDITIONS APPROACH SATURATION.
HOT LEG SATURATES.

THE RC PUMPS ARE TRIPPED; MFW FLOW 1S DIVERTED TO THE UPPER NOZZLES; AND HEAT
CONTINUES TO BE TRANSPORTED FROM THE CORE TO THE SG BY TWO-PHASE NATURAL
CIRCULATION, RCS PRESSURE AND TEMPERATURE ARE SLOWLY APPROACHING THE SECONDARY
SIDE SATURATION CONDITIONS.

THE FLOW CIRCULATION PHASE ENDS; THE SYSTEM IS IN A BOILER-CONDENSER COOLING MODE.

THE RCS STABILIZES AT OR NEAR SECONDARY SIDE CONDITIONS. OTSG LEVELS SHOULD BE
SLOWLY RAISED TO 95% ON OPERATE RANGE. THE RCS WILL REMAIN IN THIS CONDITION
FOR A LONG TIME PERIOD AND THEN BEGIN A SLOW COOLDOWN AND DEPRESSURIZATION AS
DECAY HEAT DROPS

NOTE: OPERATOR ACTION TO COOLDOWN THE PLANT SHOULD BE INITIATED TO ACHIEVE
A LONG-TERM COOL ING MODE.
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Figure F-6 SYSTEM RESPONSE FOR SMALL BREAK
WHICH STABLLIZES AT SECONDARY
SIDE PRESSURE
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REFERENCE TIME
POINTS (SECONDS )
! 0
1-2 0-50
2 50
2-3 50-80
3 80
3-4 80-100
4 100
4-5 100-600
9 600
5-6 600-1250
[ 1500
6-7 >1500

0.01 FTZ BREAK AT PUNP DISCHARGE

Figure F-7

SYSTEM RESPONSE FOR SMALL BREAK

WHICH REPRESSURIZES

IN A SATURATED

3000

RENARKS STATE
LOCA OCCURS WiTH REACTOR INITIALLY AT POMER; BREAK IS EQUIVALENT
TO 1.35 INCH DIAMETER HOLE. 2600
RCS PRESSURE AND PRESSURIZER LEVEL DROP DUE TO THE {0SS OF REACTOR pOST TRIP
COOLANT. 400 WINOOW
PRESSURE DROPS TO RPS TRIP SETPOINT; THE REACTOR TRIPS.
L 00 | oy
RCS PRESSURE CONTINUES TO DROP; THE REACTOR COOLANT SUBCOOLING z Z Lo _ 8
MARGIN IS LOST (PUNP TRIP REQUIRED). 000 b SUBCODLED SUPERHEAT
v REGION
ES ACTUATION ON LOW RCS PRESSURE. 2 - REGION
HOT LEG APPROACHES SATURATED CONDITIONS AS THE PRESSURIZER ENPTIES. N
THE RC PUMPS ARE TRIPPED AND MFW FLOW IS DIVERTED TO THE UPPER S o b
NDZILES. 2
E
THE HOT LEGS ARE SATURATED. S 100 R
v
RCS IS IN TNO-PHASE NATURAL CIRCULATION. = A e o
S 1200 | STEAM PRESSURE RCED CIRCULATION i Tygy
THE "FLOW CIRCULATION" PHASE STOPS; A LOSS OF PRINARY TO = LNl 4 1 Tog p) AND FOR NATURAL
o
SECONDARY HEAT TRANSFER OCCURS BECAUSE STEAM CONDENSATION 5 w00 b \ CIRCULATION (Teg )
IN SG TUBES IS NOT POSSIBLE. S - - S - == - == o
N NORMAL OPERATING POINT-POWER
RCS REPRESSURIZES BECAUSE NO CORE HEAT CAN BE RENOVED BY STEAM S 800 | Ny OPERATION (Tygp)
GENERATORS. STEAN BUBBLE IN HOT LEG PIPING 1S SLOWLY GRONING JN & SATURAT 1 ON 7 END POINT-POST TRIP Wi TH
SIZE. REACTOR COOLANT EXPANDS INTO THE PRESSURIZER AS THE SYSTEN 500 | L _J NATURAL CIRCULATION (Tyq)
REPRESSURIZES.
o SUBCOOLED
STEAM CONDENSATION STARTS IN SG TUBES. NARGIN LINE
BOILER-CONDENSER COOLING IS ESTABLISHED;. AND THE PRIMARY SYSTEM 0 | L L | |
. 4 500 550 500 £50 700
PRESSURE AND TEMPERATURE SLOWLY DECREASE TO THE SECONDARY 0 * R Steam 0 . . ¢
SIDE SATURATION CONGITIONS. eactor Coolant ano Steam Qutiet Temperature,
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Figure F-8 SYSTEM RESPONSE FOR SMALL BREAK ™
WHICH DEPRESSURIZES THE RCS
WITHOUT FEEDWATER

0.07 FT2 BREAK WITHOUT FW

' 2600
REFERENCE TIKE
ECONDS REMARKS - B POSY TRIP
POINTS (s ) _ 2400 WINDOW
2200 |- , R
1 0 LOCA OCCURS ¥ITH REACTOR INITIALLY AT POWER;BREAK o r i
'S EQUIVALENT TO 3.6 INCH DIAKETER HOLE. 2 00 ' ---
. - SUPERHEA
1.2 a-10 RCS PRESSURE AND PRESSURIZER LEVEL DROP DUE TO LOSS s SUBCOOL £ reeon T
OF REACTOR COOLANT. 2 REGION
S o0 |
2 10 RCS PRESSURE DROPS TO RPS TRIP SETPOINT; THE REACTOR =
TRIPS. »
2-3 10-24 AS RCS PRESSURE DROPS, THE REACTOR COOLANT SUBCOOLED = 1600 -
WARGIN IS LOST (RC PUMP TRIP IS REQUIRED) AND ES IS S STEAM PRESSURE AND ~ ==~
ACTUATED ON LOW RCS PRESSURE. 5 oo b TEMPERATURE WOULD SLOWLY = 3
E DROP AFTER REFERENCE POINT44v"
3 2% THE HOT LEG SATURATES. 2 p ;4 PUINT.POST TRIP Wi
= +
3-4 24-150 THE RCS SLONLY DEPRESSURIZES: THE RC PUMPS ARE TRIPPED; =m0 STEAN PRESSURE % FORCED CIRCULATION (Tyqy
RESIDUAL FEEDWATER IS SLONLY BOILED OFF. = LT t Tggip) AND FOR NATURAL
4 150 $6 COOLING IS ESSENTIALLY LOST. g woop \ CIRCULATION (Tgqyp)
4.5 150-1200 THE RCS CONTINUES TO SLOWLY DEPRESSURIZE BECAUSE THE = N NoRMAL OPERATING POINT-PONER
BREAK CAN REMOVE DECAY HEAT BY RELEASING REACTOR COOLANT S os00 N OPERATION (Typ)
T0 THE RS. = SATURATION T 77 END POINT-POST TRIP WITH
5 1200 RCS PRESSURE HAS DROPPED TO 600 PSIG; THE CFT BEGINS TO : 500 | L | NATURAL CIRCULATION (Tyny)
ADD WATER TO THE REACTOR VESSEL. 5 - HOT
SUBCOOLED
QOLING IN " 6
5.5 >1200 THE RCS CONTINUES TO DEPRESSURIZE WiTH HPI C 400 WARGIN LINE
PROGRESS.
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REFERENCE TIME
POINTS (SECONDS)
| 0.0
1-2 0-29
2 29
2-3 28-60
3 60
3-4 60-250
4 250
5 >250

0.02 FTZ BREAK AT PUMP DISCHARGE
(NO FEEDWATER)

REMARKS

LOCA OCCURS WITH REACTOR INITIALLY AT POWER; BREAK 1S EQUIVALENT
TO 1.9 INCH DIAMETER HOLE

RCS PRESSURE AND PRESSURIZER LEVEL BROP DUE TO LOSS OF REACTOR
COOLANY.

RCS PRESSURE DROPS TO RPS TRIP SETPOINT, THE REACTOR TRIPS.

AS RCS PRESSURE DROPS, THE REACTOR COOLANT SUBCOOLED MARGIN IS
LOST; THE RC PUMPS ARE TRIPPED, AND ES 1S ACTUATED ON LOW RCS
PRESSURE.

HOT LEG SATURATES

THE RCS STABIL1ZES IN PRESSURE AND THE STEAM GENERATORS SLOWLY
BOIL DRY.

SG COOLING IS ESSENTIALLY LOST

THE RCS HANGS UP IN PRESSURE AS THE BREAK IS NOT LARGE ENOUGH TO
CONTINUALLY DEPRESSURIZE THE SYSTEM. THE CORE 1S BEING COOLED BY
HP1 COOLING. THE PLANT WiLL SLOWLY COOLDOWN AND DEPRESSURIZE AS
DECAY HEAT DROPS.

2500
2000
b
p
> 1500
a
(23
=
1000 P~
500 1 1 1
0 500 1000 1500

Time, sec

2000

psig

Reactor Coolant ano Steam Outliet Pressure

2600

2400

2200

2000

1800

1600

1400

1200

1000

800

400

SYSTEM RESPONSE FOR SMALL BREAK .
THAT STABILIZES AT HIGH RCS PRESSURE
WITHOUT FEEDWATER

Figure F-9
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0.01 FT2 BREAK AT PUMP DISCHARGE
(BOTH HPI AND EFW ARE ASSUMED TO
BE DELAYED FOR 20 MINUTES)

REFERENCE TIME
POINT (SECONDS) REMARKS
1 0.0 LOCA OCCURS WITH REACTOR INITIALLY AT POWER; BREAK !S EQUIVALENT
TO 1.35 INCH DIAMETER HOLE.
i-2 0-50 RCS PRESSURE AND PRESSURIZER LEVFL DROP DUE TO THE LOSS OF REACTOR
COOLANT.
2 50 RCS PRESSURE DROPS TO RPS TRIP SETPOINT; THE REACTOR TRIPS. LOSS
OF OFFSITE POWER OCCURS, AND THE RC PUMPS AND WAIN FEED ARE LOST.
EFW FAILS TO START.
2-3 50-120 AS RCS PRESSURE DROPS, THE REACTOR COOLANT SUBCOOL ING MARGIN IS
LOST AND ES IS ACTUATED ON LOW RCS PRESSURE. HPI 1S ASSUMED
TO FAIL.
3 120 HOT LEG SATURATES.
3-4 120-280 SG'S SLOWLY BOIL DRY.
4 280 SG COOLING IS ESSENTIALLY LOST.
4-5 280-1200 RCS REPRESSURIZES DUE TO LACK OF PRIMARY TO SECONDARY HEAT
TRANSFER AND THE BREAK'S INABILITY TO REMOVE ENOUGH ENERGY
(1.E., BREAK IS TOD SMALL TO KEEP THE SYSTEM PRESSURE DOWN).
5 1200 OPERATOR ACTION TO START EFW AND HPI| IS ASSUMED.
5-6 >1200 BOILER-CONDENSER COOLING 1S ESTABLISHED; AND THE RCS SLOWLY
DEPRESSURIZES TO THE SECONDARY SIDE SATURATION CONDITIONS.
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5 1500
o
8
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Figure F-10 SYSTEM RESPONSE FOR SMALL BREAK

THAT REPRESSURIZES

IS LOST

|F FEEDWATER

2600
NOTE. STEAM PRESSURE & TEMPERATURE 5
WOULD DROP AFTER $G —_—
2400 - ORIES OUT. STEAM PeT '\ |
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800 ¥INDOW
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1400 | 3.4
7 ENC POINT-POST TRIP WiTH
1200 b STEAN PRESSURE é FORCED CIRCULATION (Tyor
it & Tpgip) AND FOR NATURAL
oo b _ ~ \ ______ CIRCULATION (Teg, o)
g NORMAL OPERATING POINT-PONER
800 N OPERATION (Tyqq)
, _
s SATURATION [ "7\ END POINT-POST TRIP Wi TH
500 ( _ 1 NATURAL CIRCULATION (Tyor)
SUBCODLED
400 - MARGIN LINE
0 1 1 1 1 1
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Reactor Cooiant and Steam Gutiet Temperature, F
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STUCK DPEN PORY. Figure F-11 SYSTEM RESPONSE FOR SMALL BREAK

REFERENCE TINE

POINTS (SECONDS) REMARKS WITHIN PRESSURIZER STEAM SPACE
1 0 LOCA OCCURS WiTH REACTOR INITIALLY AT POWER: STUCK OPEN PORV
IS EQUIVALENT TO ABOUT A ONE- INCH DIAMETER HOLE. ~ 2600
1-2 0-60 RCS PRESSURE DROPS AS THE PRESSURIZER STEAM SPACE IS VENTED 2400  POST TRIP
OUT THE BREAK. PRESSURIZER LEVEL INCREASES. ¥iNoow
2 60 PRESSURE OROPS TO THE RPS TRIP SETPOINT: THE REACTOR TRIPS. 2200 ---s
g % N1
2-3 60- 185 AS RCS PRESSURE DROPS, THE REACTOR COOLANT SUBCOOLING MARGIN 2 CUPERHEAT
IS LOST (RC PUMP TRIP |S REQUIRED), AND ES 1S ACTUATED ON LOW o DO sugcooien REGION
RCS PRESSURE. 2 REGION
s 1800 |
3 185 THE HOT LEG SATURATES. -
3-4 185-490 RCS IS N TWO-PHASE NATURAL CIRCULATION. PRESSURE AND TENPERATURE S 100 |
=2
CONDITIONS DECREASE ALONG THE SATURATION CURVE AND STABILIZE AT ABOUT S
1200 PSI. PRESSURIZER LEVELS ARE INCREASING AS THE STEAM SPACE IS g 1400 |
DEPLETED. v - ENC POINT-POST TRIP WITH
2 [ FORUED CIRCULATION (Tyqy
4 430 THE PRESSURIZER FILLS. S 170 | STEAN PRESSURE L Z TepLp) AND FOR WATURAL
5 L
4-5 >490- SYSTEM STABILIZES AT ABOUT 1200 PSI, AND TWO-PHASE NATURAL 3 1000 b ' S CIRCULATION (Tg p)
CIRCULATION IS NEVER LOST. HPI WILL EVENTUALLY RETURN THE SYSTEN e R NoRMAL GPERATING POINT-PORER
TO A SUBCOOLED STATE. WITHOUT ISOLATION OF THE PORV, A SOLID WATER = w0 b N OPERATION (Tyop)
COOLDOWN WOULD BE REQUIRED. M _
< SATURATION ™71 END POINT-POST TRIP WITH
500 - L —J NATURAL CIRCULATION (Tyor)
SUBCOOLED
400 - MARGIN LINE
0 1 1 1 4 1
400 450 500 550 600 550 700

Reactor Coolant and Steam Outiet Temperature, F
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Figure F-12 POST-LOCA CORRECTIVE ACTION FOR
LACK OF ADEQUATE SUBCOOLED MARGIN

EXPECTED POST TRIP RESPONSE FOR LOCA WITH LOSS OF SUBCOOLING LACK OF ADEQUATE EXPECTED POST LOCA P-T CONDITION WITH SUSTAINED SATURATION & PRIMARY TO SECONDARY HEAT
o — SUBCOOLED MARGIN TRANSFER
2600
POST TRIP 2600
2400 WINDOW
POST TRIP
2400 - WINDOW
2200 -
w
2 2200 |
_ 2000 ® N
] SUBCOOLED \ ° 2000
2 e REGION SUPERHEAT " -
g 1800 - REGION »1. TRIP RC PUMPS s SUBCOOLED
‘: 2 1800 | REGION SUPERHEATY
= ik *2. CONFIRM 2-HPI ON AT MAX. & REGION
é CAPACITY & BALANCE FLOWS s 1600
S np +3  CONFIRM FW FLOWING 3
@ iaD POINT-POST TRIP WITH THROUGH UPPER NOZZLES AND & 1400
o [7] *ORCED CIRCULATION (T, . ] r
5 1200 5 equo) AAD FOR WATURAL RAISE LEVEL TO 95% a £ND POINT-POST FRIP WITH
- STEAM PRESSURE 7. coL = D] FORCED CIRCULATION (T
g CIRCULATION (T 5 1 4 Tyt
E o Ly coLo) 4. ATTEMPT TO LOCATE AND S o0 Hot 7 AR R
s TfF-————— (Y FORMAL OPLRATING POINT-PONER ISOLATE THE LOCA (SEE TABLE B STEAM PRESSURE CIRCULATION (Teg o)
s N ereration 17,000 F-4) 2 IOBD—___HH_”_____&__
< sof N o [ "ORMAL OPELRATING POINT-PONER
& SATURATION [T~ END POINT-POST TRIP Wilh 2 800 § OPERATION (Tyqq)
- I 1 waryrat corcytatson (1,000 s
§00 —_J Hot & SATURATION T"77 £n0 POYRT-POST TRIP WITH
SUBCOOLED s00 U} waTURIL CHRCULATION (3y0p)
40 WARGIN LINE .
400 - SUBCOOLED
o L L L L o | MARGIN LINE
400 450 500 9§50 600 650 700
1 F 0 1 i 1 L Il
Reactor Coolant and Steam Qutlet Temperature. 400 50 500 530 500 550 700
Reactor Coolant and -Steam Outlet Temperature, F
NOTE: 1. Tgo p COULD BE EQUAL TO Tygy OR SLIGHTLY SUBCOOLED.
2. SEE FIGURE F-6 FOR A TYPICAL LOCA EXAMPLE.
SUBCOOLED MARGIN?
VES | Mo
THROTTLE- HPT
(SEE BEST METHODS FOR EQUIPMENT et
OPERATION)
ABNORMAL SYMPTOMS?
HEAT TRANSFER
(OVERHEATING OR
OVERCOOLING) IN BOTH SG?
[ ves ves |

T T L

G0 TO PLANT COOLDOWN PROCEDURE FOR

SUBCOOLED CONDITIONS WITH A SMALL BREAK

TREAT OVERCOOLING OR OVERHEATING PER

PROCEDURE (SEE FIGURES 22 OR F-13)

GO TO PLANT COOLDOWN PROCEDURE FOR

SATURATED CONDITION WITH A SMALL BREAK

GO TO LACK OF PRIMARY TO SECONDARY HT.

TRANSFER (GO TO FIGURE F-13)

*FOR MORE DETAILS, GO TO ATOG PART II BEST METHDDS OF

EQUIPMENT OPERATION.



'; Figure F-13 POST-LOCA CORRECTIVE ACTION FOR LACK |

TO SECONDARY
HT TRANSFER

. LACK OF PRIMARY A ANS E R |
LOCA REPRESSURIZATION OUE TO LOSS OF STEAM CONDENSING SURFACE IN SG'S UF PR I MARY T 0 S E C UND ARY HE T TR F
1
2500
TREAT LACK OF ADEQUATE
POST TRIP SUBCOOLED MARGIN -
oo viKoos SEE FIGURE F-12
2200 |-
o
2
© 2000 | .
< SUBCOOLED - ke
- UPERMEAT '
$reon |- RLEIN REGION
s IS ONE SG LEVEL
5 sm INC. TO 95% ON
H OP RANGE ~ LOCA REPRESSURIZATION DUE TO NO FEEUKATER
c
5 ol
E (%0 PoINToPOST TRIE wiTH ves | N
o CORCED CIRCULATION (T 0y
S 1200 4 tgoyp) MWD FOR WATVRAL
z ? craanon (Toouny NO HEAT TRANSFER DUE TO LOSS OF STEAM CONDENSING NO HT TRANSFER DUE TO 2600
~ 0
3 ol VAW PRESSURE “'”—\_ oo SURFACE OR RCS DEPRESSURIZATION LOSS OF SEC. INVENTORY
L] [ 10T 0% EATING aunt-sonte : POST TRIP
é . § QPrRATION 17,00 i b el
K SATURATION =7 twp POINT-FOST TRIP wiTH 00 b
500 F L) werums crcutation (0 @
- sugcooLED REVERSE HT. TRANSFER? START HPT COOLING s F SUBLOOLED
- WARGIN LINE 2 -
s | w0 - OPEN PORV & MAINTAIN 2 e REGION SUPERHEAT .
0 L I L L L MAX HPI - I i REGION
40e 50 500 550 500 550 700 “
Reactor Coolant ang Steam Dutlet Temperature, F (SEE BACKUP COOLING METHOOS) § 1600 |
E]
RS
h H €xb POINT-POST TRIP WITH
= ] FONCED CHRCULATION (T
| % O+ o) wmo ror manoiil |
NOTES: 1. FW IS AVAILABLE TO AT LEAST 1 SG. CAN RC PUMPS B STEAM PRESSURE CIRCULATION (Teg o
€07 S ok T |
2. SEE FIGURE F-7 FOR EXAMPLE LOCA TRANSIENT. LOWER STEAM PRESSURE BE STARTED? RESTORE FEEDWATER (MAIN OR & F-q—-————— R FTHIL RRTING Rolar-poTs
WNTIL (Tgar) S6 1S ) ves | EMERGENCY) & RAISE LEVEL TO ok N ereranen (yoy)
EQUAL TO (Th - 50F) l l 95% ON OP RANGE USING UPPER K SATURATION =7 taD PoUxT-rOST Te1p with
. NOZZLES IF POSSIBLE 500 L) raruman concutation 3,000
SUBCOOLED
i 400 - WARGIN LINE
[] 1 1 i - —tﬁ
HEAT TRANSFER? LONER STEAM PRESSURE UNTIL (Tgar) IF Ppeg > 2300 PSIG QPEN PORV . a0 50 500 550 560 3 To0
SG IS EQUAL TO (Th:50) CLOSE PORV WHEN PRCS < Pgg Reactor Coolant and Stear Outlet Temperature. F
ves | NOTE: IF Pgeg > 1500 PSIG NO + 100 PSIG . IS F/W RESTORED 70
LOCA WITH REVERSE HT TRANSFER DUE TO RCS DEPRESSURIZATION REDUCTION IN STEAM PRESSURE AT LEAST ONE SG?
IS REQUIRED
k—— | NO | YES
2600 HEAT TRANSFER? NOTES:
POST TRIP YES ] NO O
2400 INow P 1S REVERSE HT 1. NO FW IS "ON": SG LEVEL IS LOW OR ZERD.
60 TO COOLDO IRANSFER FE-ESTABLISHED? BUMP AN RC PUMP & LET SYSTEM STABILIZE 2. SEE FIGURE F-9 AND F-10 FOR TYPICAL LOCA EXAMPLES
200 SATURATED CONDITIONS WITH A SMALL HEAT TRANSFER TO
= BREAK (SEE BEST METHODS FOR EQUIPMENT OPERATION) PeRATIVE SGces
" t| s
ELLTS ves | 60 TO HPI COOLING
: SUBCOOLED
2 REGION SUPERKEAT = =
2 isoo REGION
&
2 sl SUBCOOLED MARGIN GO TO HPI
3 COOLING
S 100 HEAT TRANSFER 70O s -
H i XD POINI-PAST TESP WITH ONE OR THO SG?
b4 P FORCED CIRCULATION |7 ‘
% o A & teos #r0 ros e ) v [ xes
€ CIREULATION (Tegip; . STOP HPI COOLING
= jogo| STEM PRESSRE -
8 F————— ] "ORAL OPERATING PauNT-rORrE (CLOSE PORV)
= % oPERsTION {T,40) GO TO LONG TERM COOLING
S el R R
= A
£ =7 teo roIntorosT TRIs Wit FOLLONING A MAJOR LOC - sy
500 Tyor L] wmvma cireuuarion (rygp) 2
WAIT 15 MIN GO TO PLANT COOLDOWN (A
SUBCOOLED v
s e OPEN PORV - TF Ppeg > 2300 CLOSE PROCEDURE FOR SUBCOOLED
. | . : PORV WHEN Pgeg < Psg CONDITIONS AND A SMALL 3 |
L 1 L T T + 100 SUBCOOLED MARGIN?
' 50 500 50 G 550 700 BREAK . )
. Reactor foolant and Steam-Dutlet Tempesature. F {:
ves | N %
- {
HAVE 4 RC PUMPS \
NOTES: 1. Ppcs < Psg: . BEEN BUMPED? Y-
2. SEE FIGURE F-5 FOR TYPICAL LOCA EXAMPLE. e
THROTTLE W1 G0 TO COOLDOWN PROCEDURE FOR
(SEE BEST METHOD FOR EQUIPMENT OPERATION)
SATURATED CONDITIONS WITH A
SMALL BREAK |

LOWER STEAM PRESSURE .

START AN RC PUMP & GO TO COOLDOWN PROCEDURE FOR 0 TO COOLDGKN PROCEDURE FOR
ONTIL (Tgay) S6 = LET IT CONTIMJE TO SATURATED CONDITIONS WITH A SUBCOOLED CONDITIONS WITH SMALL
(Th - 200) RN SMALL BREAK BREAK
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