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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 ‘re ].& of these studies are given as
examples: _ w\ '
%o .

‘1.  Excessive Feedwater

2. Loss of Feedwater

3. Steam Generator Tube Iv..eaksv
4. Loss of A/C Power

Small Steam Line Break

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 z"eviewing. these individual transier;ts in deta.ilv, the
ope._rator should be able to see that regafdlesé of (1) the‘ initial event,
or; (2) wheth.er or not he can immediately identify the initial eveﬁt or,
(3) how many additional failures‘ occur‘,.'he caﬂ keep the core and the plaﬁt

inva_safe condition by following Part I of these ‘guidelines.

Each appendix discusses the plant ‘designed response to its initiating
event and, if 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.

w
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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
| event. Again the appropr_iate operator actions for that particular se-
quence of failures are given. Part 1 iAreferenced -s0 that the operator -
can see how the basic procedure cov.«*. :va’ny‘multiple failures.b
%_’ L
Each appendix contains a logic diagram which is a summary sﬁeet>for the
transient being discussed. It is a simplified event tree which has been
modified to show how correct operator actions will influence the outcome
of the transient, The central vertical block diagram is the initiating
event without additional failures. The failure paths branch out to the
‘right and the left. The details on the diagram show identifying symptoms,
including P-T, the corrective actibns, and the limits to be considered for
each additional failure fhat might occur. References are made to the ap-
propriate 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 used are the sanie, 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.

DATE:’ 3-9-81 ' ) PAGE . o
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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.

| A
W
W
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~In general, main feedwater overfeed can happén in three‘ ways:
1. A failure of f:he Feedwater Control System to run'back after.
reactor trip. |
2. An operator error of feedwater &ntrol while in manual.
e\ v
3. Equipment failure when the“&gnt is in automatic

[ ]
. o%
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
generators will fill at different rates depepding on what the plant -
power lével is- when the high flow begins. The rate ofrfill of the
generator will be greater when the reactor is.at low power (or trip-
ped)v than at high power. The overcooling effects on the reactor
coolant system will be greater at low power, Th‘e reasons are that at
low power 1e§s core heat exists to boii off the additional feedwater
and the feedwater system (valves énd pumps) has a lot of capacity
ieft to ‘ove‘rmatch the low reactor power. At full 1oéd, 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.

DATE: 3-2-81 : n : ' _ : '.Appendix A, Page A-3
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The P-T curve and sequence of events shown in Figure A-1 depict a
typical main feedwater tramsient that is termminated by the ICS before
water enters the steam lines or the pressurizer is drained. The

transient shown is also applicable if terminated early by the

A

° T .
The P-T curve and sequeﬂ%’ of events shown in Figure A-2 depict an

operator.

_excessive main feedwater transient that is not terminated before

water enters the steamlines or before the pressurizer is drained.

The transient is initiated by a reactor trip from 100% power with a

failure of feedwater to.runback 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'frip. Thus, 1f the failure
causing the excessive feedwater condition is not corrected by
the ICS the operator has little time available to prevent spill-
age into the steam lines. fhe high OTSG level trip of the.MFW
pumps provides backup to the ICS runback df MFW. However, due
to the rapid nature of this transient and the potentially ;evere
consequences the operator should not rely on this trip. For
this case the automatic trip was assuméd to fail.

= The operator is required to trip the RC pumps and raise OTSG
levels to 95% on the operate range if the subcooiing margin 1is

lost. The additional cooling worsens the transient.

DATE :
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" APPENDIX A

EXCESSIVE MAIN FEEDWATER '

1.0 GENERAL TRANSIENT DESCRIPTiON

Excessive main feedwater is a failyré\to control secondary inventory.

. L d .. .
It is an overcooling transi&i&hat results in too much primary to

' °
secondary heat transfer. %

Excessive main feedwater is defi'ned‘ as tﬁe sustained .addition of more .
water to -the steam generétor than caﬁ-bé boiled off by the available

core heat to 'm'a.ke‘ ‘superheated steam. _Thisi,mismatqh bei:ween heat
source and heat ~sink will cause the steam generator level to rise and

will cool the reactor c}oov‘lant down. The seyerify and rapidity of the
transient will vary with the. size of the mismatch. Under worst case
 conditions >(‘i.e., maximum mismatch and failure of - the automatic MFW

pump trip on high SG 1evei) the excessive main feedw.ater flow must be
terminated within two minutes to prevent water spillage into the

steam lines. Thus, this is a transient that may require fast

operator actiom.

As the reactor coolant température decreases, the RCS water vo lume

will shrink, d:opping_ pressur‘izer level. This in turn causes RCS

.pre,ssﬁre to drop. In the set:oﬁdary side, while at power, the
. excessive feedwavter‘- will cause a ldss of superheat and may cause a

slight reduction of steam pressure. A reactor trip may occur

DATE : - -3;2.;31 ‘ "~ Appendix A, Page A-1
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on low pressure or high flgx. If a trip occurs and the excessive
feedwater continues, the mismatch will be much larger (less core
heatj and the steam generator fill rate and RCS cooldowp rate will
increase.. If the shrinkage of the RCS water §olume is -sufficient to
drain the pressurizer, the RCS !'ul rapidly approach saturation con-
ditions and ES will occur.‘A&ss’JOfsubcooling margin will require
that the RC pumps be trgasgd and &Fwibe;directed to the upper noizles
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.throttleé to obtain a

gradual increase in SG level and thereby limit the overcooling. 1If

the loss of subcooling margin is caused only by the o&ercooliné-it

-

‘will be temporary. When the subcooling margin is restored HPI can be

throttled and RC pumps can be restarted.

If the excessive addition of feedwater to fhe 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 1is not
known; therefore it 1is very important that the excessive feedwater
iransient is ﬁerminated before spillage. occurs. 1In addition,'it is
highly desirable to stop the RCS éooldown before the pressurizer is
drained and ES actuates. This will significantly reducelthe magni~-

tude of the transient and. number of operator actions required, as

~well as limit chalienges of protection systems and allow for quicker

Tecovery to stable plant conditions.

DATE :
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However, the operatbr shéuld throttle FW flowrto obtain a gradual
level increase. (See Part II. Section I.E. "Best Methods for
EquipmentvOperation".)

- Excessive M?W flow to OTSG A gas allowed to continue fér almost
three minutes after'thé7s§_ 5 generator ‘was full. Thus a signif-
icant quantity of@a&. was sjpil_'lle'd into the steam lines with the

' potential for éevere consequeﬁcés. Since the consequences are
not known, this discussion does not describe those effects.

~ Even though the operator started.HPI.early in the transignt, the
’HPI'fiow was not sufficient to o§er¢ome the shrinkage due to the
cooldown and the pressurizer was drained. |

- Once the overcooliﬁg-tfansient has been términated, the RCS will
reheat and the water volume will swell. Since a large quantity
of cold HPI water was added to-the RCS,'the operator must act to
prevent the pressurizer from going solid. This will be discuss-

ed in more detail later.

Actual Plant Excessive Feedwater

On 3/18/77, an excéssive feedwater transient occurred at an éperating
plant. The tfansient was not seribus.and the plant ended in a good

condition because the operator recognized what was going on and toék
control quickly and the excessive feedwater was términated automatic-

ally by the ICS after reactor trip. The steam generator did not fill

— s " N . . .
0 . s . .

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

DATE: ' 3-2-81 : . ' Appendix A, Page A-7
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limit fsr this transient. The operator also turned HPI on and
prevented the pressgrizer from draining and that is another important
limit. Because the cooldown was stopped early in this transient, the
operator did not have to take draiic acti.on to prevent filling the

' .
pressurizer solid due to rea‘?r&q’oolant reheating. After trip, the

[ ]
HPI flow was throttled.$o$

The plant was operating at 757 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

=3

on generator "A" and within about 30 to 45 seconds, its affects
appear in other signals: "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). When T,y 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 ﬁook the appropriate aétion. He tried to

cut back feed flow. He did this by manually reducing the feedwater

demand; this did not work (more about this later).

DATE: 3-2-81 : _ : Appendix A, Page A-8
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He then put rod control into manual to try to raise T,v» and he also

started HPI to stabilize the pressurizer level. The reactor then

tripped at 85% power because of the low overpowef trip setting. When
the reactor tripped, the ICS switched into track and controlled.the
feedwater on 1eve1;vbecause 9f<€be high steam generator level,‘the
"A" main feedwater valve c*aéé‘cgtopping the transieﬁt (the "A" start-
up flow also closed 4 .) and tée "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 éoélant considerably (illustrating the effect
on core heat removal due.tovthe boil off of the extra inventory in
the generator). The reactor steam generator heat transfer interplay
is shown well by this example. After the_trip, the reactor pressure
increased and the pressurizer level inéreased; this is largely due to

HPI.

A look at steam pressure shows a very slight reduction (before trip)
because of the cooling and condensing effect of the excessive feed-
water on the steam in the generator. This illustrates the magnitude

of steam pressure loss to be expected because of excesive feedwater;

a greater loss would indicate an additional failure that the operator
would have to correct. The - reason "A" pressure is lower than ng"
after trip is mostly because .of one mis—éet'safety valve; the water

in the generator would have some pressure reduction effect, but it

DATE : 3-2-81 , o » o Appendix A, Page A-9
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would be 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.'movg,tl A inconvenience; if it had been
-greater (about 200 psi), the Qrg '1.1"1'1:!szerv __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 beforre trip when a high
reactor powér (75% to 857%) was aivailable 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 a main feedwater failure had
occurred after trip, the rate of level rise would have been must

faster. Excessive feedwater is probably the one transient the

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

generator can fill and water can spill into the steam lines vin as
little as 3 to 4 ﬁxinuteé (after' trip). The operator must act fast to
stop feedwater and the equipment he chooses to use is important. He
should 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 : 3-2-8]
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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 ﬁs;e&ially dead, and no signal would
have made it respond. Excggss qlnain feedwater is a complex accident
which can be caused by Q:)ut 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
tovfigure out what failure has_occurred. Therefore, the best way to
correct a very fast overfill is to use the direct controls to trip
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 féstest 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 high, increasing level by closing the MFW control

and isolation valves.

The following figures sho& actual plant data from the above trans-
ient. Note the large disparity between levels and feedwaterv flow;
rates for the two steam generators. This magnitude of mismatch
should, and did, facilitate rapid recdgnition and response by the

operator.

DATE: , 3_2_31‘
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Figure A-4. ACTUAL PLANT RESPONSE DURING AN EXCESSIVE MAIN FEEDWATER TRANSIENT
(STEAM GENERATOR PARAMETERS)
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2.0 OPERATOR ACTIONS SUMMARY

Immediate Actions

- Attempt to closé feedline isolation valves if the overfill
is slow and the affected generator is obvious.

- Trip running MFW pumps to f& fast overfills.

-~ Start EFW and ver1 ilon, control EFW to limit

overcooling.

- Start HPI if pressurizer level is less than 80" and RCS

pressure is decreasing.
- TFollow remainder of Part I, Section III.C.

Identifying Symptoms

-~ - Excessive feedwater is an overcooling transient as shown below:
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- Other identifying symptoms to distinguish excessive
feedwater from other-.overcooling transients are:
- High steam generator level
- High main feedwater floy\ate
X
S
NOTE: Rapid excessive f%d&er trans1ents e.g., large MFW flowrate
after reactor trip, will result in the pressurizer being in a
near-drained. conditvion by the time Ty/pressure exceed the
post—-trip window. Drainage and RCS saturation will occur very
quickly after the post-trip window boundaries are exceeded
(dotted path in Figure A-5) and water will enter the steam
lines, 'fherefore, it 1is very important that the ope;ato‘r
recogniz.e 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 previo_us section discussed three of the many .possible examples for
excessive main feedwater transients. However, it can be seen.fr'om that
discussion that the primary transient of concern is the rapid filling of a
steam generator that is not> automatically terminét'ed early by the ICS run-
back or high level trip of th_e MFW pumps. Such a transient requires rapid

response by the operator. In addition, the operator must exercise caution
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whenever feedwater is in manual control to prevent large feedwater mis-
matches from developing. Historically, oversights while in manual control
have been a significanp' contributor to the frequency of excessive
feedwater transients. .
A

This section will discuss how ¢ %§§:§$(§ctions in accordance with Part I
will terminate the overcool‘bé transieﬁt 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 tﬁe order of 8,000 gpm. This transient was
selected 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 iohger 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 Pért I, Section I, the operator
will verffy vital éystem 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 fof the OTSG "A" are high. Thé corrective action
noted is to trip the running feedwater pumps and start and verify proper
~operation of the EFW system. These actions will terminate thebexcessive

feedwater and return the plant to stable conditions.
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However, for illustrative purpéses it is assumed the operator fails to
note the abnormal conditions at this time. Step 12.0 of Section II re-
quires the operator ;o’verify that primary to secondary heat transfer is
not excessive. The operator should note by RCS response on the P-T curve
that an overcooling transient is in giféSESs (see Section I.B of Part II)
and therefore primary to seconia:&‘%éap;transfer is ekcessive. He does
A e
not need to concern himself ;§>this time Qhe:hér the overcooling is due to
excessive feedwater, loss of steam pressure control, or loss of feedwater

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

Step 1.0 of III.C requires the operator to start HPI if pressurizer level
goes . below 80" and RCS pressure is decreasing. While full HPI flow will
not maintdin pressurizer level during this magnitude of shrinkage due to
overcooling, it will slow down the rate of pressufizer level decrease and
provide additional time for the operator to terminaté the overcooling
transient before the pressurizer drains (see Figure A-6). If RB pressure
and temperature are normal, which will be the case Vfor this particular

transient, the operator is directed to Step 5.0 of Section III.C.

Steps 5.0, 5.2, 5.3, 5.4, 5.5, and 5.6  of III.C effectively isolate the
steam generators from most failures that would cause overcooling and
indeed, by isolating MFW in Steps 5.3 and 5.4, this particular overcooling

transient will be terminated.
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O0TSG "A" 1level ié high therefore the operator will perform the actions
under Step 6.0. Maintaining RCS temperature at.the present value by low-
ering the TBS setpoint will prevent filling the pressurizer solid due to
RCS reheating and swell and is especially important since RCS inventor)-r
has been increased due to HPI. I-f;)We_;ler.&H‘PX is still in progress and m'u'st
be throttled or stopped when the .%@.&li.r;g ‘.Rgle is satisfied. Establish-
‘ing EFW flow to maintain OTSY levels will V}estore‘ stable primary to

secondary heat transfer.

I1f 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 .x‘vill‘ probably prévent wéter entering the steam
lflnves and drainage c;f the press'urizer.. Iﬁ 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 rapidly approach satura-
tion conditions aﬁd further operator actions and precautions are in ofder.
When the subcooling margin is lost the operator wiil trip the RC pumps,
verify MFW transfers to f:he upper nozzles, énd begin to raise SG levels.
For this particular transient these actions will worsen the overcooling by
remoying pump heat input and spraying FW into the steam space (decreasing
the heat source and incceasing the heat sink). However, the_‘operator
should immediately throttle FW flow ‘to obtain a steady, grad‘ual 'i.ncre‘as-e
in SG level. thus minimizing tha overconling aue to FW. (S "Best Methods

for Equipment Operation'" in Part II, Sect ion I1.E).
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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 Steps 5.3 and 5.4,
temminate the excessive MFW.
V‘\
. ' [ X

With the overcooling transient @c&iated," 'HPI flow will overcome the
shrinkage of the RCS and ra&.ly recover'f{CS pressure and pressurizer
level. The operator must again respond to prevent HPI refill, and reéctor
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.

- vThrottle' 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 1level. Throttling should be
accomplished by using one 'HIPI pump (preferably the normal makeup‘
pump) and one inject ionb line (preferably the normal makeup nozzle
with the thermal sleeve). |

-~ 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 nommal makeup/letdown operation.
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- 1f 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.

The excessive feedwater trans:.entsw‘ussed herein all involve a reactor
trip. If a feedwater excursi%&curs 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 powér if possi-
ble. A manual reactof 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 shoy 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 cofe to the steam genera-
tors. The event that was chosen for .simulation starts with the
reactor at 100% power; a failure 1in 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 showﬁ starts from the_time_ of plant

trip.

DATE: '3—2-81 o ' | ' Appendix A, Page A-20




BABCOCK & WILCOX
NUCLEAR POWER GENERATION DIVISION

BWNP-20007 (6-76)

NUMBER

TECHNICAL DOCUMENT 76-1123298-00

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

QS

® o R . .
Figure A-7 has separate %ilure branches for loss of reactor inven-

tory control (high and low), loss of secondary inventory control
(high and low), and loss of secondary pressure control. Significant
failures in RC éressure control, such as those due to overcooling or
excessive HPI, are ade'quately covered by these branches; therefore
separate branches specifically for loss of RC pressure control are
not shown. Min_or failures, such as loss of pfessurizer heaters, are
discussed at the end of the main transient path. This section will
discuss each of these additional failure branches and illustrate how
operator actions in accordance with the procedures - in Part I and
witﬁ the '"Best Methods for Equipment Operation" in Part II, Section

1.E, will restore proper control of the parameter in question.

These branches are structured to address the particular function
failure in question even though the excessive feedwaterv transient
may étill 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 -
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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 Part II; Section I1.C. The operator
should become familiar with thlS chaﬂ
o
3

Figure A-6 is provided t“%w key dlstlngulshmg parameters for ex-
cessive main feedwater that have a time dependency important to the
operator in identifying both the type and severity of tramsient.
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 fegdwater transients on steam pressure in the unaffected
generator. The preséure is reduced because the pritﬁary 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.

Loss of Reactor Inventory Control (High)

A loss of reactor Aiv.nventory control (high) exists whenever makeup or
.HPI flows are excessive causing the pressurizer to fill and over-
pressurizing the RCS for the existing plant conditions. Severe ex-

cessive feedwater transients imvolving large mismatches between
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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 aﬂen in Figure .A-6 where manual
initiation of HPI early it‘!&;_transients (before autom;tic
® i T
initiation by ES) shifts“ﬂ&urves fotr ‘RCS ‘pressure and pressurizer
level to the right, i.e., more time is .avamilable before pressurizer
drainage occurs. However, for smaller feedwater transients, and
when the excessive feedwater has been temminated, ful‘l HPI flow will
overwhelm 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 ac-
complished using one HPI pump (preferably the normal makeup
pump) and one injection line (preferably the one utilizing
the normal makeup nozzle with the thermal slee_ve).
2) If the RCS is reheating and thus swelling, lower the TBS set-
point to a value near the corresponding saturation pressure

- for the existing cold leg temperature. This will stop the
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RCS heatup and swell, If desired, the operator can the;l
gradually increase the setpoint to allow a gradual heatup
while controlling pressurizer level.

3) When pressurizer level returns on-scale low (with the RCS

above the subcooled mg%gin) nd is increasing, the operator

should temminate HPI a“. e'}alq'iign, for normal makeup/letdown
. ST

operationm. “’*

NOTE: Throughout Part I the operator is required to throttle HPI
as soon as the subcooliné margin is restored and to reduce
TBS setpoints to maintain RC temperature. Thus, adhering to
these guidelines v;rill prevent a loss of RCS inventory

control. This is discussed in more detail 1in Part II,

Section I.E., "Best Methods for Equipment Operation."

Loss of Reactor Inventory Control (Low)

A loss of reactor inventory control (low) exists whenever makeup or
HPI flow is insufficient to overcome a primary leak rate or the
<A:oola.n‘t contraction rate, resulting in drainage of the pressurizer.
As stated previously, full HPI flow will be insufficient to maintain
pressurizer level during sevefe excessive main 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 1is

terminated before the pressurizer emptieé, the RCS will reheat and
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the resultant swell will restore pressurizer level. If the over-
cooling continues, ES will actuate and HPI will initiate. . It 1is
extremely unlikely that at least one HPI pump will not start; how-

ever, should that occur the RCS will lose subcooling margin. The

3

. . . ' :
Control of FW to attain%nd maintain 95% level om the operate range

operator will trip the RC pumps.ﬁf.\

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 inventory control and subcooled margin.

Loss of Secondary Inventory Control (High)

A loss of secondary inventory control (high) exists whenever signifi-
cantly more feedwater (main or emergency) is being injected into ome
or both steam generators than is required by existing plant
conditions. It is an overcooling tfansient and 1is v_er.y similar to
the main initiating event covered in this section (excessive main
feedwater). However, there are basic differences in definition and

plant response.

Excessive main feedwater was defined in Section 1.0 of this Appendix

as basically supplying more feedwater than could be boiled off to

Appendix A, Page A-25
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make superheated steam. The definition for exceséive emergency feed-
water (or excessive MFW after reactor trip) must differ slightly in
that 1) the steam generator is at saturation conditions and 2) more
importantly, wvhenever the natufal circulation setpoint is vin ef fect
EFW (or MFW) will provide “‘morga_fllo&han can be boiled off in order
to raise SG levels to the ap&g?&igte setpoint. However, the rate

L ]
at which FW builds SGQ&&S can be excessive and overcool the

primary system.

In addition, excessive emergency feedwater will cause depressuriza-
tion of the affected SG to a larger extent than excessive main feed-
water. This is due primarily to the increased condensing action
introduced by spraying colder EFW in ngér the top of the tube bundle

(into the steam space).

Thus, even when the EFW (or MFW) system performs aé designed, 1t can
cause overcooling of the primary system, particularly when achieving
the natural circulation level setpoint (20 ft) with low decay heat.
Therefore, Section I.E of Part II states that the operator should
throttle FW to obtain a gradual increase in SG levels and to main-
tain 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 o§ercooling while attaining the low level setpoint

for forced circulation. It should also be noted that automatic

DATE: 3-2-81 _ ' Appendix A, Page A-26




BWNP-20007 (6-76)

BABCOCK & WILCOX NUMBER

NUCLEAR POWER GENERATION DIVISION

TECHNICAL DOCUMENT ~ 76-1123298-00

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 il, the operator should recognlze
the overcoollng as we11 as h H‘FW flow and SG level higher than the
appropriate setpoint. “F&low1ng the actions in Part I, Section
I11.C for excessive primary to secondaryl heat transfer will termi-
nate the runaway FW. Step 5.0 of III.C requires the 6perator to
close the EFW regulating valves and steps 5.3 and 5.4 isolate MFW.
The operator should not restore FW to the generator with high level
until the failure causing gxcessive W has been identified and cor-
rected. 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.

Figure A-6 shows the impact of excessive main feedwater overcooling
compounded by overcooling due to excessive EFW. 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.
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" 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. This is an unlikeliléventﬂifnce the initial condition was
T e e
excessive main feedwater w1thvoo much primary to secondary heat
transfer. In any case, QQ?<§§ a totaf loss of both main and emerg-
ency feedwater subsequently occur, the operator will have more time
available for corrective actions due to initial SG inventory in-

crease caused by the excessive main feedwater transiemt. 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 1look
similar (on the P-T curve) to an excessive feedwater transient. It
can be caused by excessive main or emergency feedwater (discussed
earlier) or by an unplanned steam flow through- stuck open valves or
a pilpe break. Improper EFW flow control (or MFW flow éontfol
through the wupper nozzles) will élso result in a SG pressure

reduction.
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The operator will isolate both 8G's (by isolating all FW, common
steam extraction 1in¢s, and closing TBV's) and then monitor their
respective levels and pressures. If both SG's stabilize, indicating
a steam leakage path downstream of one of the steam extraction line
isolation valves or in the IBV'ssﬂ\Pe can ‘restore FW to both. 1If
only one SG stabilizes hevw£!§:r‘storg FW to that SG for DH removal

and allow the broken SQ.to boil ciry. In the highly unlikely event

that neither SG stabilizes, the operator must pick one for DH re-

moval while trying to locate‘the leakage path. One SG may be broken

and the other may have a leaking MSRV.

It should bé noted that the overcooling caused by the excessive feed-

water coupled with the overcooling due to loss of secondary pressure

-control may be too rapid and too severe to prevent pressurizer drain-

age and saturation of the RCS, Figure A-6 shows the impact of exces-
sive feedwater overcooling compounded by overcooling due to loss of
steam pressure control. - 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. When the overcooling transi-

ent is terminated, the operator must react to prevent overpressuri-

zation of the RCS and possible violation of NDT limits.
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APPENDIX B

1L0SS OF MAIN FEEDWATER

1.0 GENERAL TRANSIENT DESCRIPTION

Loss of main feedwater is a failure ? control secondary inventory.
€ o —
Loss of Main Feedwater (LOFW)“'{S‘nbt by itself a severe transient.
e i
The plant was designed ‘espond "la;atb‘matically to this event so
that the important plant parameters, like RC pressure and tempera-
ture, will stay within acceptable limits. The recent addition of an
anticipatory reactor trip has helped reduce the severity of this

transient even more.

However, when main feedwaterlis lost, some important backup systeﬁls
like the Emergency Feedwater System afe called into play‘. If these
backup systems fail to function correctly, a much more severe tramsi-
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 tranmsient,

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.

DATE:  3-2-81 ‘ - : Appendix B, Page B-1
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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, CQ\ld have a number of causes in-
cluding a loss of the condensas:&u.nps. Main feedwater pump trip is
° ¥
significant because it Q&s 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 antiéipatory trip, the core will contimue 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
control valves, the main feedwater isolation valves, or by a feed-
water line break. If these failures occur, they may not result in
an anticipatory trip. However, they are much less likely than a
main feedwater pump trip. So for the remainder of ﬁhis 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 Following a LOFW
For the first few seconds foilowing 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:  3-2-8]
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turbine also trip, and the effects of the turbine trip are seen more
quickly fhan the reactor trip. The turbine trip causes steam pres-
sure to‘increase and reduces érimary to secondary heaﬁ removal. The
reactorbcoolant gets hotter and expands slightly causing an increase
in pressure and pressurizer leve On the P-T diagram below, ‘this
. . .
initial spike 1is shown (“e&lyﬁr‘f exaggerated) to indicate its
° B e
direction. In actual%f’&ice the spike is so small and so quick
that the operator probably won't see it. (Note: Only for the case
where there is no aﬁticipatory trip does the spike become signifi-
cant. 1In that case RC pressure will rise to 2300 psig before

causing a reactor trip).

2600

2400 |+
POST TRIP :
WINDOW \ g
2200 7 bttt
= : Lo
= SUBCOOLED : ‘
had p—
s REGION
o 1800 |
s
S 1600
[ ~]
5
o 1400 |-
=
<
= 100 | STEAM PRESSURE
= ENO PDINT-POST TRIP WITH FORCED
2 wm b \ L CIRCULATION (Tygr & Tggup) AND FOR
- P K2 NATURAL CIRCULATION (Teg p)
= _
= 800 |-
& N NoRAL OPERATING POINT-PONER
s00 k § BPERATION (Tyo)
T=7) END POINT-POST TRIP WITH NATURAL
w b SUBCOOLED MARGIN L CIRGULATION (Tygn)
LINF : --
1 1 | L | .
400 450 500 550 600 650 700
Reactor Coolant Andg Steam Outiet Temperature-F
FIGURE B-1
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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. ThlS part of the transient takes - much
longer and will probadb %}:\e flrst 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~2
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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 controliteam pressure near the 1010 psig
v B ‘. -

setpoint. o\.-

“" T

Because the reactor trip and turbine trip occur so quickly 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 fast

indication which also should be checked.

The emergency feedwater pumps are actuated early in the transient,

but no EFW flow will occur until the steam generator levels have

droppea 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 reméin

nearly constant. Pressurizer level will slowly increase in response 1
to the additional makeup flow, and operation of the pressurizer

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

DATE : 3-2-81 | ‘ 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 EWW pumpé and check EFW
valve alignmenﬁ. Control‘féW‘%gg\ rate to prevent overcooling.
°
(EFW throttling should %&\e -rvxvece'ssary when all RC pumps are
. T

off and the higher lggtl setpoint for natural circulation is in
effect.)

ldentifying 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 résponds normally, there is no need fo: the operator to
take any immediate actions other than his normal post-trip response
(Part I, Sections I and II). If the loss of main feedwater is com-
poﬁnded by other failures, Sections I and II of Part I will help the

operator identify these situations and take the appropriate actioms.

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: 3-2-81 v _ 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 plant failures can also occur atvthe same
time which will compound the LOFW, §a‘n; and increase the complexity
of the transient. These c¢ ga?;d events. require.operator recogni-
tion and corrective acti .to mitigate the transient. 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.

There are three significant fail@res which may compound the. loss of
main feedwater event. These are:

- Loss of Secondary InQentory 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 tramsfer will

result .

DATE:  3_o_g
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The operator can recognize the total loss of feedwater by the lack
of both MFW and EFW flow indication én t;he floumeters and by the low
steam generator level which will be decreasing below 25 inches on
the -startup range. Secondary steam pressure will decrease below the
post—trip setpoint of 1010 psw&qn ) the steam generator drles. out
and can no longer prod‘\nough steam - to hold the setpoint
pressure. Also, by folybwing the steps’ in‘ﬂPart I, Sections I and
II, the operator will identify that inadequéte primary to secondary
heat transfer exists at Step 11.0 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'restbring proper primary to secondary heat transfer are
given. - Use of HPI cooling protects the core wﬁile pfoviding the
d 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 wﬁen the loss of heat transfer is noted (Tcold
decouples from steam generator saturation temperatufe and steam
pressure drops). Also at that time all but one RC pump should be
tripped; if the subcooling margin is lost the femaining RC pump
should be stopped. After HPI cooling h.as been established, the
operator should continue. attempts to feed at ieast one SG from any

avallable source.

DATE‘: 3-2-81 ' Appendix B, Page B-9
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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
feedwater with no EFW both RC temperature and pressure respond
initially like a nommal LOFW trip but then within minutes both

parameters increase due to the inad‘;uate primary-to-secondary heat

transfer. '&.
N

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
‘ B because too much primary to secondary heat removal occurs; however,
it is different from the excessive feedwater event of Appendix A
Vbecause 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:
- 'H-igh steam génerator level in one or both generators
- Continuous EFW feed flow indication above the correct level
setpoint in one or both generators

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

DATE: = 3,81 Appendix B, Page B-10
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By  following the instructions in Paft I, Sections I and II, the
operator will identify the excessive primary to secondary heat trans-
fer at Step 12.0 of Section II. This step directs him to Part I,
Section III C. Following those actions will terminate the excessive
EFW. A more detailed d1$Cussmnﬁ)f Loss of Secondary Inventory
Control (High) is provided- mgp&ndlx A.
N
N}
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 Tg,y throughout the transient.

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:
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The operator should follow the instructions in Part I, Sections I
and II. Step 12.0 in Section II will identify the overcooling event
and direct him to Section III C which provides the explicit instruc-
tions for identifying and dealing with the steam leakage.

> |

°
These steps include isol"a}hll feedwater to the "bad" OTSG by
closing the control or%.olation valves. and verifying the TBV's aré
closed, and if the leak cannot be isolated then boiling the "bad"

0TSG 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 :.
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Figure B-4.
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CPERATOR ACTUATES
HPT COOLING BY
STARTING HPT AND
OPENING PORV

ves | w0

TOTAL LOSS (OR INADEQUATE) FEEDWATER
i

!

I =

—

RCS CONTINUES TO OVERMEAT
AND EXPAND UNTIL HPT
COOLTNG MATCHES DECAY HEAT
(SEE TRACE *8*)

4

1

RCS IS OVERHEATING AND
EXPANDING, RCS PRESSURE
IS INCREASING

(SEE TRACE A"}

OPERATOR TRIPS ALL AUNNING RC PUMPS WHEN SUBCODLING MARGIN IS LOST. PR CYOLES
(NOTE: 17 IS DESIRABLE, TO TRIP ALL BUT ONE RC PUMP BEFORE SUBCOOLING
15 LOST T0 REDLCE HEAT INUT TO RCS THAT THE HPT HAS TO REMOVE)
@ L) SG INVENTDRY
CPERATOR CORRECTS EFW PRORLEM Yes
0
r PORV (& POSSIBLY PZR SAFETY VALVES) CYCLE TO RELIEVE RE PRESSURE
\
DURING ONCE THROUGH COOLING MORE RELIEF
WHEN THE REACTOR COOLANT 1S ONE OR WORE
SUBCOOLED (KO CIPCULATIONY VALVES FAIL OPEN
MONITOR INCORE THERMOCOUPLES SUCCESSFUL CPERATOR #LLL TRIP BEFORE PZR FILLS
AND THROTTLE HP1 TD MAINTAIN w1 RC PLMPS WHEN
THE MINIMM SUBCOOLED MARGIN COOLING SUBCDOLING MARGIN ves | N
0 AVDIO BAITTLE FRACTURE 15 1087
(SEE FIGURE 25 OF PART I1) .
IF POSSIALE, RESTART AN RC

PP IN

NITH
RESTART GUIDELINES IN "BEST
METHODS*

—

)

OPERATOR WILL STABILIZE THE PLANT:

1) RE-ESTARLISH EFW.

2) THROTTLE HP1 MHEN SUBCOOLING MARGIN IS ATTAINED AND WILL MAINTAIN
THE NINIMM SUBCOOLED MARGIN TO AVDID BRITTLE FRACTURE

3) USE PZR HEATERS TO DRAW A STEAM SUBELE AMO REGAIN RC PRESSURE
CONTROL .

LOCA DCCURS BUT RC
PRESSURE DROP
ACTUATES WP1

4) ISOLATE PORY AND CONTIMUE NORMAL PLANT COOLDOWN.

HPI COOLING CAN CAUSE THE PORY OR PRESSURIZER VALVE TO FAIL DPEN. IF
THE PORY FAILS, [T SHRAD BE BLOCKED AFTER EFW IS RESTORED.

IF A PRESSURIZER SAFETY VALVE IS FAILED OPEN, THE OPERATOR wILL:
1) RE-ESTABLISH EFA.
2) COOLDOWN PLANT PER CP-103.

RC INVENTORY EJECTED FROM
CYCLING RELIEF VALVES. RC PRESS
REMAINS HIGM. CORE EVENTUALLY
UNCOVERS, ICC CONDITIONS EXIST.

CONTROLLED

EVENT RECOGNITION SYMPTOMS:

. NO EFW FLOR PER FLOX INDICATORS.

. $/G LEVEL DECREASING BELOW 25",

. R PRESSURE, TEMPERATURE AN PZR LEVEL DECREASE FOR 2.3 MIN AND THEN INCREASE
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REFER TO:

- ATOG PART I, SECTION III B FOR PROCEDURE
. ATDG PART IL,*DIAGNOSIS AND MITIGATION® FOR DISCUSSION
CORRECTIVE ACTIUNS:

- ATTEMPT TO RESTORE EFW OR MFA
- OPEN THE PORV ANG ACTUATE FULL HPT "LOCA* COOLING (2 HPI PUMPS) MHEN PRI. T0 SEC. HEAT|
TRANSFER IS LOST (POINT 1): STOP ALL BUT ONE RC PUMP TO LOWER HEAT ADDITION T0
REACTOR COOLANT
- TRACE “B" SHOWS THE TYPICAL PATH IF THESE ACTIONS ARE TAKEN AT POINT 1; TRACE "a"
SQNS THE TYPICAL PATH IF NO ACTIONS ARE TAKEN AT POINT *1".
- WHEN THE SUBCOBLED MARGIN IS LOST (POINT 2) ALL RC PUMPS WUST BE TRIPPED.
. RE-ESTABLISH EFW THEN STABILIZE FLANT (REFER TO APPENDIX 8 FOR DISCUSSION OF
CPERATOR ACTIONS)
LIMITATIONS IMPORTANT TO THIS EVENT:
. RUN TWO KPI PUMPS UNTIL SUBCOOLING IS REGAINED.
. ONGE SUBCOCLING IS REGAINED, THROTTLE EFW (IF AVATLASLE) AND #PI TO AVDIO VIOLATION
OF NOT LIMITS. MONITOR INCORE THERMOCOLPLES YO AVOID BRITTLE FRACTLRE.
RESTART RCP'S IF AVAILABLE. SEE RCP RESTART GUIDELINES IN “BEST METHOOS."

7/

TOO MXCH PRIMARY TO
SECONDARY HEAT TRANSFER

REFER TO ATOG PART II,
APPENDIX A, FOR

OISCUSSION OF EXCESSIVE EFN.

IF TRANSIENT PROGRESSES, RELIEF VALVES MAY BE OPEN ALMOST
CONTIMUOUSLY TO RELIEVE PRESSURE. A VALVE FAILING OPEN AT THIS
POINT RILL NOT REDUCE PRESSURE ENOUGH TO ACTUATE ES

IMMEDIATE ACTION SUMMARY:
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FEFER TO:

ATOG PART I, SECTION II1.8 FOR PROCEDURE
ATOG PART T1, "DIAGNOSIS ANO MITIGATION* FOR DISCUSSION

EVENT RECOGNITION SYMPTOMS:
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LIMITS IMPORTANT TO THIS EVENT:
EFN TS REQUIRED AN MUST BE CONTROLLED TO LIMIT QVEROOOLING IF THE RC
PSS ARE TRIFPED AND A HIGH STEAM GENERATOR LEVEL 1S NEEDED FOR NATURAL
CIRCULATION OR IF EFW REQUIRED MANUAL INITIATION (I.E.. AUTOMATIC
EFW FLOW GONTROL MOT AVAILABLE).

STEMM LEAKAGE PATH-LOSS OF SECONTARY PRESSURE CONTROL

Figure B-5 LOSS OF
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SETPOINT.
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OF EFW OVERFILL
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REFER TO: 56 INVENTORY
ATOG PART I, SECTION III C FOR PROCEDLRE CONTROLLED
ATOG PART II. “DIAGNOSIS AND MITIGATION® FOR DISCUSSION
CORRECTIVE ACTIONS:
ATTEMPT MAMAL CONTROL OF EFW FLON CONTROL VALVE: CHECK FEED FLON METER AND LEVEL
FOR DECREASE
IF INSUCCESSFUL, CLOSE THE EFN FLOW CONTROL VALVE TO THE AFFECTED S/G AND ATTEMPT

TO CONTROL FLOW WITH THE ALTERNATE PATH.

- IF ABOVE ACTIONS FAIL, CLOSE OME OF THE CROSS-CONNECT VALVES AND TRIP THE PUMP

FEEDING THE AFFECTED $/6

LIMITATIONS IMPORTANT TO THIS EVENT:

00 NOT PERMIT STEAM LINES TO FILL.
STOP OVERCOOLING BEFORE PRESSURIZER DRAINS

MAKEUP AND LETOOWN MILL AUTOMATICALLY AOWST PZR
LEVEL, PZR HTRS WILL ACTUATE. FAILURE OF

THESE ACTIONS WILL RESLT IN & SLOW TRANSIENT
AND THE OPERATOR WILL HAVE TIME TO CONTROU

QC PRESS & INVENTORY MANUALLY.

AC INVERTORY
CONTROLLED

RC PRESSURE

CONTROLLED

STABLE PLANT

CVERFEED, T0O MUCH PRINARY TO SECONDARY WEAT REMOVAL OCCURS. FOR SUCH
CASES, COLD LEG TEMPERATURE: CAN BE EXPECTED TO FOLLOW STEAM GENERATOR

Tgay THROUGHOUT THE TRANSIENT AS LONG AS THE PRESSURIZER DOES NOT ORAIN. IF
SEVERE OVERCOOLING CAUSES THE PRESSURIZER TO DRAIN AND THE REACTOR COOLANT
BECOMES SATURATED THE RC PUMPS MUST BE TRIPPED; STEAM BINDING IN THE HOY LEGS
CAN CAUSE NATURAL CIRCULATION TO STOP, HPI WILL BE ACTUATED. MHEN THE
SHRINKAGE 1S REPLACED AND SUBCOOLING MARGIN IS RESTORED THE RC PUMPS CAN

BE RESTARTED TD RESTORE CIRCWLATION.

b

EVENT RECOGNITION SYMPTOMS: 1

.. STEAM PRESSURE IN ONE OR BOTH GENERATORS FALLS BELOW 960 PSIG.
. RAPIOLY FALLING STEAM GEMERATOR PRESSURE IN BOTH GENERATORS NITH *BAD™ GENERATOR

'PRESSURE FALLING QUICKER. AFTER 2 MIN. GOOD GENERATOR MAY LAG BAD GENCRATOR BY AS MUCH

S 200 PSI.

. LOW STEAM GENERATOR LEVEL IN *BAD" GENERATOR. GENERATOR LEVEL MAY BUILD AT THE
PROPER RATE IN THE GOOD GENERATOR BUT NOT IN THE BAD GENERATOR. IF BOTH LEVELS ARE
INCREASING AT THE SAME RATE, EFW FLOW SHOULD BE HIGHER TO THE BAD GENERATOR.

- THIS IS AN OVERCOOLING EVENT. RG PRESSURE, TEMPERATLRE 4D PZR LEVEL FALL. PRESSWRE

A0 PZR LEVEL WILL BE TURMED AROLND BY HPT INECTION.
. MANUAL TBS CLOSURE QUICKLY REVERSES A TBS VALVE FAILURE TRANSIENT (SEE TRACE "A")
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- ATOG PART I, SECTION IIl C FOR PROCEDURE
- ATOG PART II, "DIAGNOSIS AND MITIGATION® FOR DISCUSSION

CORRECTIVE ACTIONS:

- ISOLATE THE 8AD GENERATOR BY CLOSING STEAM EXTRACTION ISOLATION VALVES®
- IF LEAK CANNOT BE ISOLATED, STOP EFW TO THE BAD GENERATOR.

LIMITATIONS IMPORTANT TO THIS EVENT:

- NOT LIMITS MUST BE OBSERVEQ
. STEAM GENERATOR TUBE TO SHELL 4T LIMITS MUST BE MONITORED
- RCS COOLDOWN LIMITS ARE ALSO IN JECPARDY
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APPENDIX C

STEAM GENERATOR TUBE RUPTURE (SGTR)

INTRODUCTION

A SGTR is a loss-of-coolant accident (LOCA) that allows reactor cool-

ant to leak into the secondatry <E;§\of the once through steam génera-
. PY :

tor (OTSG) where it is r%é&d into the steam plant. A SGTR is a

A S :
serious accident; it !gktaminates the éecondary plant and can lead
to significant offsite doses if steam from the affected steam genera-
tor(s) is released to the environmeqt. It can have the complica-

tions associated with a normal small break 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), exces-
sive thermal or hydraulic loadings during severe plant transients,
or mechanical wear due to foreign objects in the primary or second-
ary 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). Some of the major factors which influence

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

DATE :
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1. The number of defective tubes,
2. The size (break area) of the tube failure(s),
3. The pressure and temperature conditions in the primary and

secondary systems, and

generator tube bundlew\f Co
%’ e

On B&W plants, SGTR's have been limited to small leaks with leak

4. The 1location (elevation) Qﬁ\the tube failure in the steam

rates less than 20 gpm. However, 1'arger leak rates can occur. For
a complete severance of ~one SG tube, a leak rate of approximately

400 gpm at normal steam pressure and temperature 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 de-

pressurized and the  primary system loops have been drained. Hot

shutdown is not a safe end condition for a SGTR.

Maintaining an RCS subcooling margin will prevent the equalization
ofvthe primary and affected OTSG pressures. The primary to second-
ary elevation difference will also prevent termination of the tube
leak until the RCS is drained. Therefore, a rapid plant cooldown

and depressurization 1is 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

DATE :
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very important. The RCS must be at cold shutdown before the BWST is
depleted because recirculation from the sump is not possible, all in-
jection water is lost through the steam lines. Therefore, the RCS
cooldown and depressurizationv must be initiated as soon as safely
possible. Since a tube leak isﬁ small break LOCA, the general

C .
procedures for LOCA correcti“‘&gst be also followed (see Appendix

F). Some modificatio%’% the LOCA;“_r:lfules are required for this
unique accident: 1) the leak rate through the tube will increase as

subcooling margin iancreases, 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 failureé occur
in plant systems in addition to the tube leak. 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 leaks, with and without additional

failures.
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2.

GENERAL OPERATOR ACTIONS

The most important stages in the treatment of steam generator tube

leaks are:

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

2. Bring the plant to a stalz‘?&erqpower condition by:

e Performing a plan%f'u ack, or .
e Applying the appropriate Abnormal Transient Operating Guide-
lines if a reactor trip occurs during another accident.

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

4. Once the RCS temperature is approximately 500F ( 540F for small
leaks), isolate feedwater to the generator with the tube leak.
Isolate all steam extraction lines from ‘the steam generator with
the tube leak except the turbine bypas line. Leak sizes of 5-20
gpm are small and will probably not £ill thé 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 secondafy plant and the cleanup
efforts associated with it. For all large leaks and small leaks
without RCP operation, secondaryA plant contamination 'w.ill, occur
because the generator Qith the leak will have to be steamed
periodically to prevent filling. The opefator should make every

effort to limit the degree of contamination in the balance of
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plant without inhibiting mitigation of the SGTR event. This
includes isolation of the auxiliary 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 v'ﬁfa_iluﬁs have occurred which will pre-
vent a) plant depressur‘wt"‘;n_ with the spray or PORV,. or b)
prevent the use o B&l generaté'r;;" then repair or bypass the
failures if possible.

6. Cooldown and depresurize 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 1if
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 disc‘uss the LOCA as it related to.

plant control.
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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-
;izes those actions required to identify the accident and to bring

the plant to a stable zero power condition and Sheet 2 addresses
plant cooldown. Table C-3 outl'né&\actions to minimize offsite re-
leases for SGTR's with ad t}\.al ‘equipment failures. These figures

. o o
should be studied as a &)plement to the follow-on sections.
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Figure C-1. STEAM GENERATOR TuBt LEAKS-OPERATOR ACTION OUTLINE
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3.0 EVENT DETECTION

The first stage for correction of steam generator .tube leaks is
prompt detection and determining which generator has the 1eak.> It
is mandatory to know that a tube rupture has occurred and it is very
important to know which generato;‘? affected, Table C-1 summarizes
Lo :
the ways a SGTR and the af.‘cﬂ:gq .;;s’ge.am generator can be detected.
Secondary plant radiat%'%vels are 'tl‘r;g]i.bést and most timely indica-
tors of a SGTR. The 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 sequenée 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).

- e .
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Table C~1. WAYS TO DETECT A SGIR

1. Abnommal Radiation Level in The secondary plant radiation monitors give
Steam Plant the best indication of a primary to secondary
' leak. They are effective when the SGIR is
e High readings and alam " the only accident or when a SGTR occurs along
of condenser radiation with another accident. Both the steam line
monitor and condenser radiation monitor will indicate
a SGTR; but, the individual steam line moni-
e High readings and alarm - tors will show which steam generator is leak-
of main steam line ing. Typically, a condenser radiation alarm
radiation monitors. and an alarm on one of the steam line moni-

tors will sound if a SGIR occurs.

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

2. LOCA Symptoms ‘ The LOCA symptoms depend on the size of the
% SGTR (leak rate) and may not show up immedi-
e Decreasing RCS Pressure ately if the leak rate is within the capacity
e Decreasing Pressurizer Level of the normal MU system. These symptoms are
e High MU FLow (or HPI initiation) best utilized as confirmatory indicators of
e Low Letdown Storage Tank Level @~ 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.

3. Asymmetric SG Conditions Once the plant is tripped, asymmetric OTSG water

: levels may develop. When feedwater is stopped
- @ Increasing water level with and water level is at or above the appropriate
zero feedwater addition. control setpoint, the water level in the affected

SG may continue to rise because of the primary

to secondary leakage. 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 will not be
significant enough to detect.

e High activity levels or . The affected SG can also be identified by drawing -
boron concentrations in a SG water sample. The affected SG will contain
the secondary water . some activity and boron due to the presence of
inventory. _ 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 becomes less effective
as the transient evolves and the reactor coolant.
is mixed with the secondary coolant.

3-2-81 Appendix C, Page C-8 Serial: 76-1123298-00.
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4.0 PLANT CONTROL AT POWER FOLLOWING A SGTR

The second stage for correcting a SGTR is to stabilize reactor cool-

ant. (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 J.l.ev1e>1l The makeup (MU) system will
. - )
automatically increase MU fw&td“ stabilize pressurizer level and

the pressurizer heate%’&l come on to ‘restore RC pressure. Let-

down storage tank (LDST) level will drop, but must not be allowed to
drain. Action must be taken to supply the LDST.with a water supply
with a boron concentration. equal to or greater than RéS boron
concentration., Larger tqbe leaks or a complete rupture of a tube
will require starting: a sécond makeup pump or manual initiation of
HPI‘.. Action to start HPI should be taken if pressurizer level

cannot be maintained with MU. Shift HPI pump suction to BWST if

unable to maintain LDST level. 1If the leak rate is greater than the

MU or HPI flow rate, pressurizer level and RC pressure will drop,

the heaters will turn off on the low level interlock,band 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 ﬁot initiate HPI (refer to Figure C-2). For
tube ruptures with a Aflow greater than apﬁroximately 700 gpm (more
than one tube ruptured), the rate of RCS depfessurization.will be
too rapid to preirent a reactor trip, even with initiation of full
HPI. Letdown should‘ be secured as rapidly as possibie for all

SGTR's.

DATE: 3-2-81 ' ' : Appendix C, Page :C-9
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Once RC pressure and pressurizer level have been stabilized (''normal”

plant conditions) by any of the above actions, the third stage of actioms

(Section 5.0) should be followed. By achieving RC pressure and inventory
control, the plant may be manually run back. If a reactor trip does

occur, the minimum RC subcooling marg'rx‘and pressurizer level must be
' .

e .

re-established. Actions to be take\gg,discussed in Section 5.0.
[ ] , .

Y

'
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5

.0

PLANT CONTROL TO HOT ZERO POWER (See Sheet 1 of Figure C-3)

The third stage for corrécting a SGTR is to b‘ring. the plant to hot
shutdown (unless the leak is large enough to depressurize the plant
to a low pressure and automatically trip the plant). Depending on
the leak size and other factors, ‘e plant may be.runback or it may
trip. It is preferable to W&fa;k as much as possible, ever; if a
) T
reactor trip 1is immi%ﬂ& to avbi&_dr limit 1lifting the steam
safeties and releasing radioactive steam to the environment. Tube
leaks can occur alonme or other plant failures can occur at the same
time. If other plant failures occur at the same time, it may be
difficult to establish hot shutdown and then proceed with cooldown

and depressurization. Generally, but not always, 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 will be given in a later portion’

of the text {Section 9.0).

Action should be initiated to stablize pressurizer level and RCS
pressure while conducting a plant runback ( 5% per minute) to low
power without tripping. RCS inventory should be closely watched

during the plant runback and subsequent cooldown,

DATE:
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Upon reaching a low power level where the turbine bypass capacity is
sufficient to avoid lifting the steam safeties, the plant can be
tripped as follows:

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

2. Unload turbine generators and‘Q:lp the turbine.

3. Trip reactor \&
4. Place TBV's bac“%& automatic with appropriate pressure

setpoints or control header pressure in  manual (at operator

discretion).

1f 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.

— _
. - @8

3. Ensure that MFW flow is diverted through the upper nozzles and

-l

is controlled.

4. Throttle HPI once the reactor coolant subcooled margin is

|

regained and maintain pressurizer level at 100 inches or

greater.

DATE : 3-2-81 igpendix C, Page C-12
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5. Bring the plant to a hot stabie condition so that a plant

cooldown may be initiated.

The status of the plant is now at hot zero power. The next step is

to begin a rapid cooldown and depr‘surization.

B
0\ o i
o

-‘ - “ -
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6.0 RAPID COOLDOWN AND DEPRESSURIZATION

Once the plant has been brought to a hot zero power condition by a
runback or has been stabilized following a reactor trip, a rapid
cooldown and depressurization of the RCS should be started while

‘maintaining the reactor coolant ﬂth a minimum subcooled margin.

s . ‘
NOTE: THE RAPID COOLDOWN OW’XFLIES TO LARGE LEAKS OR CONDITIONS
— o W )

WHEN THE CONDENSER 1S wT OPERATING. IT DOES NOT APPLY TO SMALL
LEAKS WITH THE CONDENSER AND RC PUMPS OPERATING, WHERE A NEAR NORMAL

COOLDOWN SHOULD BE USED.

This action is required to minimize the offsite doée 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 objective of the rapid cooldown is to bring the RCS subcooled
_temperature to a value that corresponds to a saturation pressure

which is below the steam safety valve setpoint. This action will

o N s T 99 ' un &

prevent inadvertent lifting of the steam valves and will limit

atmospheric radiation releases. The initial rapid cooldown and

depressurization should bring the RCS pressure and temperature to
about 1000 psia and about 500F. The rapid cooldown rate should be

about 100 F/Hr.

DATE: 3-2-81 _ Appendix C, Page C-14
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The plant cooldown and depressurization should -be continued to cold
shutdown conditions because the primary-to-secondary leak will not

stop completely until the léops are drained.

Prior to and during the cooldown an\stabilization period, the opera-
c .

tor should check the status s:&veral things so that he can decide
Py R

on the best method for QG%OW.

1. Estimate .leak size by maintaining constant b'pressurizer ievel.
Normal makeup will be adequate for a small tube leak. A large
tube leak wili require ini.tiation of HPI.

2. Verify the operability éf all TBV's. Any leaking or stuck open
valves should Be manually blocked closed (refer to SGTR with
other failures section).

3. Verify the 'availat;ility of botthTSG's‘. Assure both can be fed
and are able to maintain pressure. If not, refer to SGTR withl
othgr failures section.

4. Verify operation of RC pumps for use of pressurizer spréys. 1f
tripped and the RC conditions permit, restart one pump per OTSG

(one in spray loop) as soon as possible.

DATE:

3-2-81 " Appendix C, Page C-15




BWNP-20007 (6-76)

BABCOCK & WILCOX [ romse

NUCLEAR POWER GENERATION DIVISION

TECHNICAL DOCUMENT _ - 76-1123298-00

7

.0

ISOLATION OF AFFECTED SG

During the rapid cooldown and depressurization of the plaﬁt, isola-

tion of the affected steam generator is recommended once the reactor

coolant temperature approaches 560 F. Below this temperature, steam

pressure wili be below the ség‘da‘x safety valve lift setpoints and

reactor coolant subcooli‘.oxuirements can be met. Isolation is

.

defined as: Q

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

2. 1f the:condenser is évailable, the TBV's should be used if
steaming is needed. |

3. 1If the condenser is not avaiiable, the ADV's will have to be
manually opened or the RCS must be cooled down by HPI cooling
(very slow).

4. Switching both the main and emergency feed pump and other steam

supplies to the unaffected SG.

The reactor coolant which leaks into the steam generator eventually
must be steamed to limit the water accumulation in the generator.
Steaming must be done when 957 on the operator ‘range is reached.
Steaming may also be needed to maintain natural circulation so that
a reasonabie rate of RCS cooldown to cold shutdown can be achieved.

The decision to steam should be based on the actual situation; RCS

DATE :

3-2-81 ‘ Appendix C, Page (C-16

: Ay
- .




BWNP-20007 (6-76)

BABCOCK & WILCOX

NUCLEAR POWER GENERATION DIVISION

TECHNICAL DOCUMENT © 76-1123298-00

NUMBER

cooling, steam generator level, tube-to-shell AT, and the need to

add feedwater for natural circulation will help make this decision.

Feedwater should be isolated until the leak size is known. Small
leaks will not provide enough wat to the generator to maintain a

e ®
minimum level and therefore.“:é%&i'o‘dbic‘ feeding will be required to
keep the shell cool»an%’& of coalao@ constant. Large leaks will
provide enough water without feedwater addiﬁion. 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 situaﬁion; RCS cooling, steam generator

level, tube-to-shell AT, and the natural circulation condition will

help make this decision.

1f the plant is in natural circulation, feedwater addition and stearﬁ-
ing will be required from both loops fo prevenf 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. When natural circulatién is stopped, 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

DATE : 3-2-81 ' o Appendix C, Page (-17
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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 fast rate of cooldown will
limit the total water that le.aks iﬂ:o the steam generator, limiting
: . [ J
the offsite releases. A tit:‘y&o-oldown will also allow the plant
to be brought to a col%‘&pressurized condition before the BWST is
drained. Therefore, a rapid rate of cooldown (100F/hr) should take

priority over isolation of the OTSG.

Specific isolation actions for wvarious plant conditions are

addressed below (additional failures that may occur are covered in

Section 9.0):

,-

A. Small Leaks (Approximately 20 gpm) with RC Pumps Running

For this condition, the reactor coolant pumps will force
circulation through the isolated loop so it will not stag'nabte
and flash; a continuous uninterfupted cooldown with the other
generator is mandatory. The cooldown rate should be close to
normal, but the tube-to-shell temperature difference should be
monitored and maintained within normal 1limits (60F) to avoid
excessive tube stress. Feed addition should be maintained at
the low level limits to keep the lower shell covered. Depres-

surization of the RCS is required continuously to maintain a

DATE: 3-2-81 Appendix C, Page C-18
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minimum sub.cooling ﬁargin while proceeding with RCS cooldown,
If heat removal does become interrupted, then a pat‘n to the con-
denser from the affected OTSG should be opened to prevent radio-
active release through the s.afety valves or ADV's of the iso-
lated generator. Inter:git;tent. .eeding to the isolated generator
may be required to maint.a*. A?.:mirnli'.‘mum water level if minor steam
leaks occur. A 'le%. of this 51ze ﬁay 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 (prefer-
ably to the condenser). = Steaming of‘ the affeicted OTSG may be

required at lower RC temperatures to maintain a reasonable rate

of cooling. (COOLDOWN MODE 1 should be used for the entire

fie

transient if the condenser and RCP's are available -~ See Figure

C-3, Sheet 2.)

B. Small Leaks (Approximately 20 gpm) 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 but may have to be lowered so
that makeup can keep up with the leak and the RCS contraction.
Pressurizer level should be maintained. The tube-to-shell temp-

erature difference should be maintained within the emergency
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limits (150F). Continuous feeding and steaming of the affected
OTSG, at low flow rates; may be required to maintain 100 F/hr
cooling and the tube-to-shell limits. (Cooldown Mode 2 should

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

C. Large Leaks/Ruptures wék‘s On or Off
If the tube leak 1&arge enough, the affected OTSG will contri-
bute significantly to RCS cooling. The best approach 1is to
steam the affected OTSG at a rate adequate to maintain a con-
stant level. The rate of cooling (100 F/hr) can then be con-
trolled by steaming the unaffected OTSG. If the affected OTSG

begins to fill, steaming should be increased to limit level to

GE g U G N am e

{

95% on the operate range. The rate of RCS cooling may be temp-
orarily exceeded to achieve level control. Once the 95% level
is reached, - continuous steaming of tﬁé leaking OTSG, without
feedwater addition, will be required to maintain a constant rate
of RCS cooling and to prevent overfill. If isolation of feed-
water and adequate steaming of the affected OTSG is achieved
early in the transient, the difficulties associatAed .with OTSG
overfill can_ibe avoided. Toward the latter stages of the cool-
down, the affected OTSG may begin to fill because the reduced
core heat rejection wil_l be unable to boil off the leaking ré—
actor coolant. 1If this occurs, most of the heat removal should

be transferred to the affected OTSG. Intermittent feeding and

Gl U N ou N o
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steaming of the unaffected OTSG may be required to maintain
natural circulation (if RCP's are tripped), 100 F/hr cooling,
and the emergency tube-to-shell limit. (Cooldown Mode 2 should

be used - See Figure C-3, Sheet 2.)

I

DATE : 3-2-81 ' ' Appendix C, Page (_o] .




BWNP-20007 (6-76)

K & wi
Elélaeﬁovg/vsa %ENERAIT'SNO DXIVlSION NUMBER

TECHNICAL DOCUMENT 1 | _ | = 76-1123298-00

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 préssure is approximately equal to the steam
generator pressure. To acbieve'ms condition, the RCS rﬁust be
depressurized so that the eg‘:’helat removal system can be started.
The RCS subcooling requ ement s willv‘np_t allow equalization of RCS
and secondary system pressures while the steam generator 1is removing
heat. When the decay heat removal system 1is startea 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 lowest when the RCS is placed on the
deéay heat removal system and the steam pressure is then incre;sed
by OTSG steam isolation, further cooldown and depressuriz’a;ion is
required. ASince the elevation of the hot leg "candy cane" is always
higher than the tube leak, elevation head will cause the leak to
continue. Spécial actions for handling the leak after thé 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 1%1 the decay heat removal system

: B [ ]
will depend on the conditions‘?é‘ghe plant at the start of cooldown.
o ¥

To determine the mode :ggolaown.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 cooldowﬁ:

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;
"normal" and "emergency". The '"emergency" approach applies to

‘an RCS cooldown when either one or two genmerators are available.

A "Normal" cooldown is defined by limits as:
- A close-to-normal cooldown rate is used
- Tube-to-shell temperature limits do not exceed 60F

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

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

possible = ".
[ ] ‘.

- After 500F is reag%a\thé"c'délidown 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 two
conditions: leak éize and availability of the condenser. These
two conditions take into account the severit}; of the event. If
the leak is large or the condenser is not available, offsite
releases will be large and the emergency approach 1is chosen.
Small 1leaks with the condensex; and RCP's available will not

allow a significant release so a normal approach is selected.

Mode 1 (near 'mormal" 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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Note that all conditions must be satisfied to use the "normal®

mode.

Mode 1 is a ''mormal" cooldown except that the affected SG is

isolated when the reactor codiint temperature (Tyo¢) is reduced
. : L]

to less than 540F. It :aFf d be used for SGTR's where the leak

rate is small (wel éﬁ%ﬁin the tapacity of the MU system) and no.

additional equipment failures have occurred. For this mode, all
normal plant equipment or systems (condenser, RC pumps, pres-—
surizer sprays, etc.) must be available. The plant should be
cooled within normal plant cooldown limits (fuel compression
limits, 60F tube-to-shell AT's;.etc.). This cooldown mode will
most likely be preceded.by a plant runback since the leak rate
is small. This cooldown mode is the most likély condition which

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

The entire cooldown must be by the single operating generator. To
cooldown with oné generator under these conditions the following
apply:

1. RC Pumps will keep circulation in both loops; if all RC Pumps
were off the reactor coolant in the 1isolated generator would
flash and prevent cooldown and depressurization. The RC Pumps
also allow" spfay depressurization which 1is more rapid and

controllable 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 can truly be used to store the leak-

% ing reactor coolant.,”Thg egsk should still be closely moni-

| : tored and steaming s o:.‘%.zbe‘._started if the water 1e§e1 ap—
proaches 95% on the%e;ate rénge',' '

3. Continuous heat removal by the single generator is needed.‘ The
single generator will not only remove heat from the reactor cool-
ant and core but also from the secondary fluid in the isolated
generator, which acts as a heat source. At lower RC tempera-
tures, the additional heat removal requirements on the good OTSG
may result in a significant reduction in the rate of RCS cool-
ing. If the rate of cooling is significantly reduced or inter-
rupted, the isolated generator TBV's should be opened to in-
crease RCS heat removal, preventing overfill of the affected
OTSG.

4, Depressurization should be controlled so that it closely follows
the cooldown. A minimum reactor coolant subcooled margin should
be maintained so that the leak rate is as small as possible.

5. Feedwater to the ruptured generator should be isolated after a
normal level is establiéhed. The feedwater will be cooled as

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

The "emergency' mode is sel%gkéh wheni

a. the condenser is n&.available, ’or

b. the leak is large , or |

c. the RPC's are not available.

Note that if either one of the above conditions exists, the

"emergency' mode must be used.

Figure C-3 shows emergency modes for conditions when one generator

or both generators are available.

The cooldown mode 2 shown in Figure C-3 is to be used for a SGIR
when HPI must be used to makeup for the leak rate and both steam

generators are available and removing heat when the plant cooldown

"is initiated. This cooldown mode can be preceeded 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 and depressurized
to about 500F and 1000 psi, pressurizer level has been
stabilized, and the isolation step has been performed:

) If the condenser is not available 'the-ADV's must be control-
led manually to gopt‘inue e cooldown. If the condenser is

. .
available, then the w&_should be used.

[ J
e If the RC Pum%’&re tri{»ﬁedi on loss of subcooling margin
they should be restarted if c§nditions permit; restart of
the pump in the spray loop taking precedence to make the
pressurizer spray available (See Pump Restart Criteria in
Part II "Best Methods of Equipment operation). 1If 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.

e Monitor the water level in the isolated SG and initiate
steaming if fhe water levei rises above 95% on the operate
range. ‘

e If the leak does not pr:ovide enough water to keep a minimum

level (natural circulation or forced level as appropriate),

then feed the ruptured generator as required.
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. If the plant is in' natural circulation, both generétors
must be fed and steamed as necessary to maintain natural
circulation in both loops.

e Monitor tube-to-shell 1iﬁits and slow the planf cooldown so
as not exceed a AT of L‘lSO.X(See Part II, ''Cooldown With One
Steam Generator Out.$: f;;riqé"f)

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

be drained and repairs started.

"The above cooldowr; procedure is an eme.rgency measure. Its goal is
to get the plant to a depressurized state as quickly as possible to
stop the leak and minimize offsite releases. 1In 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 oonffsivte bower. Figure C-3 outlines tﬁis cooldown
mode; it éhoﬁs the ways the plant can be controlled énd 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
~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
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loss of steam pressure control to one SG. The failed steam genera-
tor may or may not contain the SGTR. The actions required for Mode
3. are the same as Mode 2 except that isolation of the affected SG

at less than 540F is not required. .For Mode 3, significant offsite
releases can occur under some f:\}ure modes. Figure C-3 outlines
this third cool'downvmode %"t— e circumstances when large offsite

L ]
doses could occur. “
Since the Mode 3 "one generator cooldown" can only come about be-
cause of failures, it will be discussed in more detail in the

. following sections which address failures.

A summary of the SGTR conditions and appropriate cooldown modes

follows:

SGTR Conditions Cooldown : Comments
Normal

Small Leak RCP's On Mode 1 Isolate Affected OTSG

(Condenser Available)

Emergency

Small Leak RCP's Off Mode 2 Isolate Affected 0TSG (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

Some other plant failures, in addition to the tube leak, can make
plant cohtrol very. difficult. Some failures will make it difficult
to establish a stable coﬁdition for cooldown; some will cause .the
cooldown rate to be ﬁuch slqwer tb{l desired. Some failures can
cause the‘ offsite release&g&’.be large. Some failures can be

® LN ’
repaired or bypassed &me car;n‘ot';f:. (All of the failures that can
make plant control difficult will be o;- two kinds:

- Those that 1imif the heat removal of the steam gen‘erator(s)
(these failures will 1limit the ability t’o establish hot
shutdown and will limit the cooldown rate).

- Those that limit the ability to deéres_sur.ize the RCS (these
f.ailures' Qill 1imit the depressurization rate and may
require the cooldown rate be limited in order to stay

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 ﬁoint 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.

® 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 cq 1Ag and - depressurization. Details
of the effects of ‘d.‘?rrectiorns for failures are shown in
Tables C~2 and C-Z&.

° If the failures cannot be corrected to enable both generators
to be used or the RCS cannot be depressurized with use of spray
or the PORV, then the cooldown will be difficult. In 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 isolated. 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
val\}e is in the same generator >as the tube leak. During
cooldown, the generator with the steam failure (low 'pres-_
sure) must be continuously fed at approximately 100 gpm,
preferably thr0ugh. the main feedwater nozzles. Periodic
feeding will maintain cooling of the lower shell and kee-p
the tube-to-shell temperature difference within limits. If

the generator is completely depressurized, extreme care
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must be exercised when feeéing. A .flow path thréugh the
wérmup valve can be used té achiéve 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 of maintaip gs‘ral circulation. If the steam
failure is in t e.\{féqf?dﬂ (ruptured) generator and the
leak flow 1is ‘@F}ge, the i;bé; leak will usually vprovide
adequate cooling. Unlike any other transients which do not
récommend feeding a  depressurized generator, a SGIR
requires RCS cooldown to términateA the transient; there-
.fore, cafeful feeding of a depressurized generator is

allowed.

Steam leaks will most likely occur outside containment and
be caused by valve failures rather than piping failures
(TBS, MSRV's, etc). 1If the steam leak occurs inside con-
tainment, it will likely be a .piping failure in a steam,
feed, or drain line. If the steam failure is on the steam
generator with the tube léak and is inside the containment,
the reactor coolant from the tube leak will be returﬁed to
the containment sump. Although adverse containmept condi-
tions may result, the offsite releases will be minimal
after the RC temperature reéches 540 F. ‘Tﬁe time require-
ments for termination of the SGvatransient may then be re-
laxed because HPI sump recirculatiop can be utilized and

offsite releases are minimized.

DATE : '3-2-81 o ' Appendix C, Page C-33




BABCOCK & WILCOX

NUCLEAR POWER GENERATION DIVISION

TECHNICAL DOGUMENT

BWNP-20007 (6~76)

UM 1123298-00

b.

Partial loss of feedwater, where no feedwater is available
to one OTSG, will normally require cooldown on the remain-
ing 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 c'c;olivr'xg -}:Qb\e even slower; feactor coolant
[ ] .
will not naturﬂy\ci{rtﬁ_late;_ in the idle loop. The
° o .
stagnant loop %'st be closely monitored for saturation in
the hot leg. Releases offsite will be significant because
of the slow rate of RCS cqoling and depressurization.
Every effort should be made to realign feedwater to both
generators. If realignment cannot be made, plans shoqld be
arranged to ‘repleni’sl'i_”the BWST inventory to avoid loss of
injection water. If feedwater is lost to the ruptured OTSG
and large leak flows are prvesent, the leak will provide

enough feedwater to maintain cooling of the affected OTSG.

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 1loss of subcooling.
Offsite releases of reactor coolant may be significant due

to the lengthy time that may be required to completely
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cool and depressurize the RCS in this manner. Therefore,
depressurization of the RCS should take precedence over a
quench tank disc rupture. The BWST inventory should be
carefully monitored when this mode of depressurization is
utilizéd for extended pe&ig& of time.
\O
.%.

d. Total loss of fMdwater (MFW and EFW) will require a solid
water cooldown without the benefit of secondary heat re-
moval. Aftempts should be made to obtain feedwater from
any available source. For cases of this type which require
excessive cooldown times, BWST inventory should be c\are-
fully monitored. HPI inventory from the BWST will flow
into the affe'ctéd 0TSG and ultimately be released offsite.
It will not be returned to the reactor building sump and
cannot be reclaimed. 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 decompression limits pm to the case of small leaks with
RC Pumps running and tp‘:'c_fqugQSer available; they may be vio-
lated for other c&os Y

2. Normal tube-to-s.hell temperature limits (60F) apply to the case
of small leaks with RC Pumps running and the condenéer
available. Emergency tube to shell temperature limits (150 F)
apply td all other situa;ions, except:

The emergency limits may be violated at maﬁagement ‘discre-
tion, if loss of core cooling injection water is eminent
(BWST draining). The steam generators are likely to be
unusable if the.emergency limits are violated, however core
cooling takes priority.

3. Cooldown rate is near ''mormal" for small leaks with the conden-
ser available and RC pumps running. Cooldown rate is 100 F/hr
for all other cases excépt where tube-to-shell 'temperature'
limits restrict cooldowﬁ rate. Overcooling should be avéided
and the pressurizer should not be aliowed to drain. If the
plant is on natural circulation, the cooldown rate should be re-
duced to avoid RCS voiding (the recognition of void formation
is discussed in Part II, Volume 1 of the ATOG). Cooling with

both OTSG's may be required to maintain 100 F/hr cooling.
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4. The ﬁinimum subcooling margin shbuld be maintained. Excessive
subcooling should be avoided to keep a minimum leak rate.

5. The plant should be completely cooled down and depressurized
before the BWST is drained. Simply placing the decay heat
removal system into operat \s not adequate.

6. It is desu‘able to lg%ge plant on the decay heat removal

system before poo&quallty backup . water must be injected into

the steam generator by EFW.
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11.0 SPECIAL TOPICS RELATED TO COOLDOWN

11.1 Ways to Depressurizer the RCS

Two ways are available to depressurize the primary system.
The first wéy is to use the pressurizer spray, and the
second is to open the PQ\ Use of the pressurizer spray
is the preferred me&&& since PORV operation can result in
a quench tanl“ﬁ%ure, abnormal reactor building pressure
and temperature, and addltlonal RB° cleanup efforts.
Pressurizer spray also provides better control and more

rapid depressurization as opposed to cyclic PORV operation.

The pressurizer spray is dependent on RC pump o'peration.
Consequently, if the RC pﬁmps have been tripped, two RC
pumps should be restarted as soon as the restart criteria_
are satisfied (See RC pump Restart Criteria in '"Best
Methods for Equipment Operation.'). An early restart of
the RC pixmps allows the pressurizer spray to be used and
also limits the need to add additional feedwater to the
affected OTSG to susltain natural circulation. The perform-
ance of tfle pump motor and seal cavity cooling systems
should also be periodicglly monitored to enéure that the
pumps can be comntinuously run until the decay heat removal

system is placed into a cooling mode of operation.
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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. 1In general, it. will not be possible to

open the PORV and still maintain pressurizer level and pressure

control.

necessary. The

continue the RCS

o\ .
best v&tgv maintain plant control 1is to
[ J .

Instead, cyclic erration (open-shut) will be

d&wn and depressurize with the PORV in a

sawtooth manner between the 50F subcooled line and the
subcooling margin 1ine,‘ as shown on the P-T diagram below.
2600
2400 ,
. POST TRIP
= 2200 |- WINDOW \ e
a ' % e —— -
= SUBCOOLED
= 2000 |
=z - ‘REGION
@ / SUPERHEAT
< 1800 } _ ya "REGION
= PORV —
Z 1600 | OPEN S/
g 4
2 1400 |
= PORV SHUT a
= 1200 | -
= ~50F SUBCOOLED y
= STEAM PRESSURE LINIT >, 7 END POINT-POST TRiIP WITH FORCED
S 1000 | v ) CIRCULATION (Tygr & Tpgp)
S - —— = = —— 3 - /A AND FOR NATURAL 0L
S wk P CIRCULATION (Tggyp)
<
& A y NORMAL OPERATING POINT-POWER
’ D N
600 E e > DPERATIUN (Thot)
40 ~ SUBCOOLED Il""lI END POINT-POST TRIP WITH NATURAL
0 MARGIN LINE L _  CIRCULATION (Tyoy)
L | l | |
400 450 500 550 600 650 700
Reactor Coolant And Steam Qutlet Temperature-F
DATE : 3-2-81 Appendix C, Page (-39




BWNP-20007 (6-76)

BABCOCK & WILCOX B “umoEs

NUCLEAR POWER GENERATION DIVISION

TECHNICAL DOCUMENT | | 76-1123298-00

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 thg MU/HPI flow may be necessary to

o .
W essurizer water inventory and to

maintain an adequac‘.&'

. o .,‘:
prevent a 105&& subcooling margin. Also, monitor the

quench tank conditions and if possible, adjust the PORV
"open" time to prevent failure of the rupture disc.
However, RCS cooldown and depressurization to 500 F and
1000 psia should take precedence over quench tank disc

rupture.

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 depressurization. Special actions must be taken for
tube leaks when the decay heat system is- actuated to
continue SGTR mitigation. Special actions must be taken to
place the DHR system into voperation 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 will
only occur if several tubes are failed), it may not be
possible to place the DHR into operation; (1iquid_1evel

>’above the drop line is not known and a loss of decay
heat suction would ca.&e pump cavitation). However, if
it is definitel:wri bwn that no LOCA other than a tube
leak exis%. the decé§'heat removal system can be
placed into operation. The reason is that the leak
location is- such that 1liquid will be trapped in the
lower parts of the hot leg and the RCP internal "lip"
will ﬁrap water between the pump and the vessel. When
the RCS 1is satﬁrated_ 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 Aecay 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 t;ate
needs will dgtemine the choice.

3. Due to the locétitm"of the decay heat removal drop line |

' v lband return line, the system will not adequately cool
the higher ©portions of t‘he reactor coolant loop,

especially if the plaﬁt has been cooled down on natural.
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circulation. Cooling of the lower poftions 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 naxﬂral circulation cooldown rather

than a forced civ&i;ﬁion was used. To avoid this
R A

possibility, t“O&nt should be operated as follows:

Decay heat removal system startup after forced circula-

tion cooldown: (The following options may be available):

- Continue RC pumb operation until the hot leg tempera-
ture is lower than 212F (One pump. in each loop is
adequ.ate) or

- Place the decay heat removal system into operation at a
higher temperature. After the DHRS 1is placed into
operai:ion, stop the RC pumps, monitor hot leg temp-
eratures .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 over-

pressurized.
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Operator. Actions During DHRS Operation:

Isolate 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 wel ‘be lower than the steam genera-
- L J
tor liquid tem;i%&t"re; lack of heat ‘transfer into the
generator %Il not pe‘rm:i't steam pressure to build up.
Add nitrogen to the isolate;d steam generator to prdvide
a slight overpressure. When the RCS is completely de-
pressurized, the nitrogen pressure should be about 2-3
psi greater than RCS pressure.
Do not isolat.e‘ the remaining generator; it may have to
be used for heat _reﬁ\oval if the RCS repressurizes and
reheat;.
Since the hot ieg is at a higher _elevation than the
sfeam generator, a small leak rate can occur into the
generator after the RCS is depz;essurized. Liquid can

be allowed to accumulate in the isolated generator as

long as continued heat removal occurs and reheat and

repressurization 1is  avoided. It may be .desirabl'e-to
manually drain liquid accumulation to avoid complete
filling (600 inches on the wide range level) if a
radioactive vwéste reservoir 1s available. Draining

should not be performed above the design pressure of

the waste systems.
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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
reacto% éoolant c§§‘be cooled to 212F using the steam
generators .%kquently hot 1leg flashing 1is more

likely. To avoid hot leg flashing:

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

or

- When the decay Heat system is placed into operation,
control the rafe of éodldown and further depressuri-

zation to avoid hot leg saturation.
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- |Re press. & e ‘ : § FAILURE TD CONTROL RCS INVENTORY ; IKVENTORY CONTROL-HIGH) INVENTORY CONTRO!
- b PIRLEVEL ® ATOG PART I, SECTION III, D FOR PROCEDURE. § A SECONDARY SIDE $ALFUNCTION WHICH AFFECTS . : YCESSIVE HPY INSUFFICIENT WP I
. STEAM PRESSURE OR FEEDWATER CONTROL - EXCESSIVE HP) RESULTS ~INSUFFICIENT WP) RESULTS IN
ves | wo . @ ATOG PART II, SECTION II, APPENDIX C FOR DISCUSSION. O A LOSS OF OFFSITE POWER | N Res | RCS DEPRESSURIZATION
SNALL TUBE LEAK . | LARGE TUBE LEAK ¥ ANDTHER ACCIDENT FOR WHICH THE SGTR IS OVERPRESSURIZATION -LOSS OF AC SUBCODL ING MARGIN
- : @ ALSO REFER TO ATOG PART II, APPENDIX F, "LOCA®. CONSEQUENSE B - HIGHER AC PRESSURES WILL OCCUR: PIR WILL EMPTY
! : INCREASE TUBE LEAK i ~UPON RCP TRIP, NATURAL CIRC
. SHOULD A REACTOR TRIP OCCUR, THE PRESSURE- 60 7O TABLE -3 RC G0 TO TABLE C-3 v ; :
OPERATOR INITIATES HPI; EVENT RECOGNITION SYRTOMS (BEFORE REACTOR TRIP) TEMPERATURE RESPONSE OF THE RCS WILL OEPEND ;t?:igégissm OFFSITE INVENTORY 2 ALSO REFER o INVENTORY-2 :II]H;SN‘" 8E ESTABLISHED DUE TO
HP1 FLOW ADERUATE T0 @ RADIATION ALARMS WILL OCCUR ON ‘#E‘.’L‘;‘?ﬁg%%&'&éﬂff&!%ﬁ&&;ﬁb“???‘ T ~ FAILURE T0 REDUCE OR TG SMALL BREAK LOCA . LuiTHOUT WP1 INADEQUATE CORE
STABILIZE RC'PRESS. - CONDENSER VACUUM PUMP DISCHARGE MONITOR POSSIBLE) AND THE PLANT SHOULO BE STABILIZED . TERMINATE HPI WILL GUIDELINES COOLING WILL RESULT,
AND PZR LEVEL ! BEFORE TUBE LEAK CORRECTIVE ACTIONS CAN BE RESULT IN A SOLID ] ADDITIONAL FUEL FAILURE WAY
. - STEAM LINE RADIATION MONITOR ON AFFECTED SG TAKEN. ONCE_STABIL1ZED,COOLDONN AND . PZR-SNALL LOCA THRU OCCUR-OFFSITE RELEASES WILL
- . YES | WO . DEPRESSURI ZATION CAN BE STARTED. PORV & PSV'S . BF EXCESSIVE
l ; I ® A SGTR IS A LOCA; DEPENDING ON THE LEAK SIZE; POSSIBLE LOCA SYMPTOMS ARE: : . REFER T0:
- DECREASING RCS PRESSURE : REACTOR ATOG-PART |, SECTION ) FOR PROCEDURE
' ’ : ATOG-PART [1, “DIAGNOSIS AND MITIGATION" FOR .
- REASING PRESSURIZER LEVEL : . :
DECREA ) TP DISCUSSION OF ADDITIONAL FAILURES ) RCS PRESSURE

RCS
CONTROL

PRESSURE 2
. Y SETR 1 ' :
INVENT: . GTR 15 STILL 1N PROGRESS BUT PLANT . LON MAKEWP TANK LEVEL

CORRECTIVE ACTIONS LtMITS .
9 PERFORM IRMEDIATE ACTIONS 3 m ] =

- HIGH MAKEUP FLOW

STABLE C 3 STABLE WITH HU/HP| MATCHING The : . B PERFORN VITAL SISTENS STATUS VERIF1GATION
¥ . . FOR ABNOR
- NG/ Hi 1 ELON NG o w1 £ 00w ) : . : ¢ IF THE TUBE LEAK RATE (S VERY LARGE AND A REACTOR TRIP OCCURS UNAVOIDABLY, REACTIVITY b AT | Resrowse (FAILURE OF RCS PRESSURE CONTROL)
CLOSED WHILE MAINTAINING THE AFFECTED STEAM GENERATOR LIQUID LEVEL WILL BEGIN TO INCREASE. 0 IF ES SIOML OLCURS, ENSURE WPL STARTS,
AND BALANCE FLOW. ,
PRESSURIZER LEVEL CONSTANT. RUNBACK CORRECTIVE ACTIONS/LIMITS CONTROLLED A TEn e CONTROL CRITERIA (SEE - .
N THE AKELP o RAT e raE . A. GENERAL ACTIONS FOR ALL TUBE LEAKS: ATOG-PART (1, "AEST METHODS®) - 2 oTsE's
Ene 8 RoNDAK_ & A onohe Tuse ’ i § IF A LOSS OF SUBCOOLING MARGIN OCCURS, o SR R R B TS
ek b UNBACK IS KD POSSiatg : } ) 8 BALANCE LEAK FLOW WITH MU/HPI TO MAINTAIN PRESSURIZER LEVEL AND RCS PRESSURE; e O e D ENSURE EPY STARTS. - ~7o8 IR FEATER OF M0 S FOR SPRRT FATLURE DN 0 AAILABLE
KATCH THE LEAK(SUBCOOLING IS NOT AVOIO REACTOR TRIP WHICH WILL LIFT THE MAIN STEAM SAFETY VALVES AND ALLOW AND CONTROL EFY T RAISE THE SG LEVEL TO : SAILIRE 0 i R rERs WiLL ERET
¢ TURBINE 95% ON THE OPERATE RANGE IN THE RESSURE 3 AVAILABILITY OF P
LOST) RADIOACTIVE STEAM RELEASE. : UNAFFECTED SG \ _IF SPRAYS ARE AVAILABLE, HEATER | LARGELY OFFSET SPRAY FAILURE
‘ ATTEMPT TO RUN BACK THE REACTOR POWER, AND STEAM AND FEEDWATER SYSTEMS . TRIP EN RESTART CRITERIA : FAILURE WILL BE OFFSET BUT RATE OFL gss oF SUBCOOLING WARGIN WAY
WANAL RUNBACK : : ’ w;T%T Igzppmc : k : S unshi ;g::sn:gu-nm 11, "BEST RCS DEPRESSURIZATION 1S REDUCED- | GCCUR UPON ACP TRIP, NAT. CIAC
T0 20% POWER [ REFER T0 "GENERAL ACTIONS" NOTES ’ ’ PLANT AIR CONP. WETHOOS") SO PRESSURIZER SPRAY CAN BE LARGER TUBE FLONS AND OFFSITE NAY NOT BE ESTABLISHED DUE T0
i S : ® AT ABOUT 20% POWER LOADED ON 0SS 0F usED RELEASES V01D FORMATION-RCS €ODLING 6070 FIGURE -2 80 T0 FIGURE C-2
ves | _wo ) - PLACE TBS'S IN MANUAL ‘AND OPEN HYDRD BUSSES OFFSITE PONER ® STABILIZE THE PLANT SO THAT A CODLDONN AND -1F spgélﬁI;:g]:&tﬁﬁ;:l::au, RCS | REOUCED, I:g;ikiél & OFFSITE "MODE 2 COOLDOWN NOCE 3 CODLDOWN
) ' - UNLOAD STEAM GENERATORS AND TRIP THE TURBINE - DEPRESSURIZATION T0 COLD SHUTODWN CAN BE %Eﬁvsn 1ATION RELEASES
- TRIP REACTCR . ] [_ves YES il STARTED : DEPRESSURIZATION WILL BE SLOW-
: - PLACE TBV'S BACK IN AUTOMATIC REFER 10 NOTES, "ACTINS AND LINITS FOR EVENT TUBE LEMC & 0FFSITE RELEASES
: : . : } . ) : i UPON REACTOR TRIP, " . @ COOL THE REACTOR COOLANT SYSTEM DOWN AND DEPRESSURIZE TO ABOUT 540°F AND NITEEATION" FOR ADDITIONAL DETAIL . . N
. ’ : : NSSV'S WILL LIFT, . : " 1000 PSI (BELOW THE OPENING SETPOINT OF THE STEAM LINE SAFETY VALVES). v -FOR PORY 0B FRESSURIZER SATETY
: : : : g . . : RESULTING 1 . m | .
i ) ) . . - ] . RELEASES DFESHE . . @ ISOLATE FEEDWATER TO THE AFFECTED ‘STEAM GENERATOR, BUT DO NOT ISOLATE THE é’;:g;lm |E? gggb““'" STEAN PRESS. CONTROL ~g-3 RC PRESSURE 6
. A N ;
. ‘ . ) . STEAM LINES (NCTE: THERE ARE SOME EXCEPTIONS TO THIS GENERAL RULE WHICH ) FLe R - C1BS. WSSVS) ZIF PORVFAILS OPEN AND BLOCK VALVE
. ’ . : . I ARE COVERED NEXT AND IN APPENDIX C "SPECIFIC ACTIONS". MAXIMIZED. REFER TO CANNOT BE SHUT. OR PSV FAILS OPEN,
o ’ . . - : G TS A E LOCA
. . ] ) . . ] . ! @ CCMPLETELY COOL DOWN AWD DEPRESSURIZE THE REACTOR COOLANT SYSTEM TO COLD HITES. MINSUFFICHENT ! T AR OF stean _ i :’nissun:‘ll g:'::’tcﬂlmllﬂgmm w STABLE :I::;f
: ’ ’ NANUAL REACTOR : ) SHUTDOWN. DURING THE COOLOOWN THE AMOUNT OF SUBCOOLED MARGIN SHOULD BE ;;ggﬂ:i ot on * o —T— PRESSURE CONTROL-HIGH) . PRESSURE| CONTROL BY THROTTLING L
.o e : : - ) HIP : i . . HELD TO A MINIMUM. EXCESSIVE SUBCOOLED MARGIN WILL INCREASE THE LEAK RATE. _ EXCESS|¥E STEN RevIEF INSUFFICIENT STEAN RELIEF HP1 OR WU . CONDTIONS CONDITIONS
) : . : . o s | W . : . . : : ® ENGAGE THE DECAY HEAT REMOVAL SYSTEM IF THE REACTOR COULANT IS SUBCOOLED I i - RATE OF RCS COOLING ] ~RCS WAY SATURATE INPTIALLY BUT  [FOR SPRAY FAILURE OFF AND PORV
: : . . L (DO NOT ENGAGE IF SATURATED BECAUSE THE LIQUID LEVEL IN THE RCS MAY NOT BE : ] _REOUCED. SUBCOOLING SHOULD BE RECOVERABLE | FAILURE OFF GO TO TABLE C.3 RC
3 A : STEAN JUBE LEAK CONTINDES, ¥ITH HPI7HU CONTROL PRESSURE 2 OR 5
ABOVE THE DECAY HEAT LETDOWN LINE CONNECTION TO THE REACTOR COOLANT PIPING). AFFECTED 0TSG WILL )
. - . : y PRESSURE G0 TO TABLE C-3 OVERFILL . -RATE OF RCS COOLING AND DEPRESS- [-DEPRESSURIZATION OF RCS CAN BE
: . INJECTION MUST BE MAINTAINED UNTIL THE PLANT IS COMPLETELY DEPRESSURIZED. =RATE OF RES COOLING CONTROLLED oTSG PRESS. 4 - LACK OF RC PRESSURE URIZATION WILL GE REDUCED: THE | ACHIEVED W1 Th PORV-BATE 1S
LEAK AND DFESITE . : AND DEPRESSURIZATION s CONTROL (HP1) WILL . : TUBE LEAK AND OFFS1TE RELEASES | SLOWER; GREATER TUBE FLOWS &
REACTIVITY - o B. SPECIFIC ACTIONS (REFER TO APPENDIX C TEXT FOR DETAIL) RAPID RESULT IN RCS V010 WILL INCREASE SIGNIFICANTLY OFFSITE RELEASES
v ‘ RHATION
CONTROLLED . . RELEASES CONTINUE _ . ) TUBE LEAK OMLY (NO ADDITIONAL SYSTEM OR COMPONENT FAILURES) = RES VOIOING MAY oCCi ) e RUP. KATURAL : T FOR PZR REATER FAILORE OFF G0 10 LWITH PORY FAILURE, RCS CANNOT BE
. : SMALL LEAKS (RCP'S ON) arRe. et ot we CIRCULATION CANNOT BE TABLE -3 AC PRESSURE 4 DEPRESSUR 1 ZED-EXCESS I VE TUBE
ILATE ST 40 TR To T a7 T N | |
PLANT 1S NOX AT HOT ZERO POWER WITH THE FOLLONING SHALL LEAKS (RCP'S OFF) et n 0156 PRESSUR: 1.2 A e S PR et z.u'
: —LEAX AND RELEASES OFF- RELEASES MAXIN|ZED WARGIN, HPI FLOW WUST BE UTILIZE
. ) CONDITIONS EX1STING:. ) o ISOLATE FEEDWATER'TO AFFECTED 0TSG SITE WILL SONTINUE THIS TABLE SHONS HOW _ THROUGH WSSV. REL\EF !
0 RCS INVENTORY BEING CONTROLLED BY WU OR KPI(IE, | LARGE LEAKS (RCP'S ON OR OFF) UNTIL RAT. CiRC, 1S | o RecoeNIzE & REMEDY ;
M " "5 NATCHING THE PRINARY TO SECONDARY ESTABLISHED. ONCE FIXED, REFER T0
_ . . LEAKAGE) AND PZR. LEVEL 1S STABLE AND BEING : { ISOLATE FEEDWATER-TO AFFECTED OTSG — FUEL LINIT COOLOONN TABLE 3 . ;
G0 10 FIGURE C.3 ] CONTROLLED BETWEEN 50" & 100", : i (REFER TO APPENDIX C, SECTION 5) RATE WILL INITIALLY BE . - |
. 0 'RCS PRESSURE ~ 2155 PS(G EXCEEDED-POSSIBLE
ADDITIONA R . .
MODE + COOLDOWN Tyor ~ STEAM GENERATOR SATURATION TENPERATURE - . . : - OOTTIONAL PAILURES (EFER TO TARLE C-3 FOR OETAL) ’ AUDITIONAL FUEL FAILURE, '
. . 0 RC-PUNPS DN : - REPAIR OR BYPASS FAILURES PRIOR TO COOLDOWN SO THAT TWO GENERATORS ARE INCREASING DFFS!TE
O MF¥ 1S CONTROLLING SG LEVEL AT LOW LEVEL LINIT AVAILABLE FOR COOLDGHN AND DEPRESSURIZATION BY PORV OR SPRAYS IS AVAILABLE B . RELEASES.
1N BOTH SC°S A : - SOME FAILURES CANNOT BE REPAIRED: . TEXCESSIVE DTSG TumE-
0 STEAW PRESSURE BEING CONTROLLED BY T8S: BOTH SG : - TOTAL LOSS OF FEEDWATER: USE SOLID WATER DEPRESSURIZATION BY y : : :
i . ; : o - —POSSIBLE INCREASE IN
) . ARE BEING STEAMED T0 THE CONDENSER. 7 . THROTTLING HPI : . i PaSSIaLE INCR HF¥ CONTROLLED (EhuRe o SR ) .
- : } . . - LOSS OF F/K TO ONE GENERATOR; COOLDOMN SLOWLY TO AVOID IDLE LOGP (FAILURE OF STEAN I I COKTROL-LON) ot '
2600 ' . hd LS - INSUFFICI
REACTOR CODLANT FLASHING GENERATOR INVENTORY [ ENT F¥ .
. . ) ! _ ZTINSUFFICIENT FX T0 BOTH . . : -
2400 |- POST TAIP - LOSS OF STEAM PRESSURE (ONE GENERATOR); FEED SLONLY TO KEEP ~ EXCESSIVE F¥ 70 BOTH EXCESSIVE F¥ | 0TSG™S-RLS COOLING
wINDO That & Teap NATURAL CIRC AND/OR TUBE TO SHELL LIMITS ACCEPTABLE o ans bonmee ™ . ] VERY SLOW o ,
) - INSUFFICIENT F
z 2w . e - PRESSURIZER LOCA; SOLIO WATER COOLDORN BY THROTTLING HPI DEPRESSURIZATION IF EFX CONTROLLED INSUFF ICIE "
2 TR STEANING 15 NOT REDUCED e T 1SS TiL
/ . . N N .
g i SUPERHEAT ' C. LMITs : i " AARGIN WLt OCEUR. 01D I N JETWIETRC LooP CINO
| . . . . ’ . ,
Z suscoLo REGION - FUEL DECOMPRESSION LIMITS APPLY TO SMALL LEAKS WITH RCP'S FORNATION WILU PREVENT €0 10 TABLE -3 0TS . INSUFFIGIENT Pr 10
£ e o oson y
H - NORMAL TUBE-TO-SHELL TEMPERATURE LIMITS (60°F) APPLY TO SMALL AFTER RCP TRIP. RCS | AShMETRIC LO0PS. :
S g0 LEAKS WITH RCP'S RUNNING — oVeR L OF FiTieR OB : o 0 Tt 53 oroe ~ TUBE LEAK WILL PROVIDE
. . 0 . - NE COBLING BY AFFECTED
H - EMERGENCY TUBE-TO-SHELL TEMPERATURE LIMITS (150°F) APPLY TO BOTH OTSG’S WILL GCCUR LON RC PRESSURE 12 §$sé zv?rl: w0 PN ‘
E b . ALL OTHER CASES EXCEPT: IE F¥ IS NOT REDUCED s siom . INVENTORY 1,2 OR 3 e eEecuay wusY e .
2 - END POINT-POST TRIP WITH A OR TERMINATED . WASNTAINED TO PAEVENT
g 7z FORCED CIRCULATION (Tyor EMERGENCY LIMITS MAY BE VIOLATED IF BNST INVENTORY - RATE OF TUBE LEAK WILL RCS YOID FORMATION (KE1) )
§ 1200 ~  STEAM PRESSURE l Teovp) AND FOR NATURAL DEPLETION IS EMINENT : . gic’égg‘{’ﬁ“cgglm Ay I - EXCESSIVE RC PRESSURES .
8 K L : CIRCULATION (Tggy p) - COOLDOWN RATE IS 100°F/HR FOR ALL CASES EXCEPT WHERE . CAUSE ADDITIONAL FUEL RC SUBCOOL ING G0 TO TABLE C-3 OTSG ‘::'Eﬂékg: ?gg;“fgm'“ ;
S il \ o ) TUBE -TO-SHELL TEMPERATURE LIMITS RESTRICT COOLING RATE . O ra e : i WAINTAINED? INVENTORY 5 EXCESSIVE OFFSITE '
S [JNORMAL OPERATING POINT-POWER : - MINIMUM RCS SUBCOOLING MARGIN SHOULD BE MAINTAINED, DOSES . ' RELEASES
& wmf N orerarion (vygp) i i EXCESSIVE SUBCOOLING SHOULD BE AVOIDED. . = OVEGFILL OF AFFECTER s | m o AT
: TSG MAY RESULT IN :
SATURATED LINE [~ =7¢nn poiNT-POST TRIP W1TH | - COMPLETELY DEPRESSURIZE RCS TO TERMINATE TRANSIENT, ACHIEVE E“Lugg AND LARGE : . LOOP MAY NOT BE ESTAB, e o
600 |- L _ JNATURAL CIRCULATION (Tygp) . BEFORE BAST INVENTORY DEPLETION OR POOR QUALITY BACKUP WATER OFFSITE DSES ) B AR T T e e e . o
y : - EXCESSIVE F¥ TO ONLY . e
SUBCOOLED WARGIN LINE { MUST BE INJECTED INTO OTSG BY EFW. : ONE 0TSG WILL RESULT IN " ORY OTSG-PREVENT
“r i ) ) LOWER RATES OF COBLING FOLLON BT EXCBSSIVE TUBE-T0-SHELL
YITH ASYMKETRIC LOOP : SUBCOOL NG AT'S. )
3 1 ! 1 1 1 . . CONDITIONS : RULE j .
: 400 450 o i < HP) NAY TiABLE CONTROL
N _ _ 500 550 500 550 700 OF RC PRESSURE T0
. Reactor Coolant ang Steam Jutiet Temperature, f PREYENT RCS ¥OIDING




STEAN LINE RADIATION LEVELS ARE THE PRINARY MEANS TO
CDENTIFY THE AFFECTED SG. SHOULD THIS EQUIPMENT

BE INPERATIYE OR SHOULD READING/ALARNS WOT
CONCLUSIYELY INOICATE THE AFFECTEQ SE. BACKUP

DEFECTION NETHDDS SHOULD BE STARTED. A PLANT COULDONN
AND DEPRESSURIZATION SHOULD BE CONTINUED USING BOTH
STEAW GENERATORS THILE BACKUP QETECTION METHOOS ARE (N °
PROGRESS.

MODE 1

NEAR “"NORMAL" COOLDOWN

T0 BE USED WHEN:
CONDENSER 15 AVAILABLE

ARG 2. TUBE LEAK IS SHALL (NORMAL WAKEUP 1S ADEQUATE
Ta REPLACE THE REACTOR COOLANT LOST)

AND 3. RGPy AVAILABLE

P
PREPARE PLANT FOR COOLOOWN &
GEPRESSURIZATION
® (SOLATE LETOOWN
0§ TURN OFF PRZ. HTR'S.
BEGIN PLANT COOLDONN USING BOTH SG'S AT
UP T 190F/HR

HAS THE AFFECTED $G BEEN
POSITIVELY 10ENTIFIED?

N [ e

i~
&

N
ATTENPT T0 IDENTIFY THE AFFECTED SG USING BACKUP
DETECTION WETHOOS:
WATER LEVEL IN AFFECTED SG BAY CONTINUE TO RISE ABOVE
CONTROL SETPOINF WHEN FEEDWATER (S STOPPED
FRISK STEAN LINES LOCALLY 78 QETECT WISHATCH N
RADIATION LEVELS
ORAY SG WATER SANPLES AND ANALYZE FOR ACTIVITY
LEVELS AND BORON CONCENTRATION
CONTINUE PLANT COOLDONN AND DEPRESSURIZATION USING BOTH
S6°S

HAS AFFECTER SG BEEN
POSITIVELY 1DENFIFIED?

X0 [ v

%
AS SOON AS Tpoy HAS BEEN REQUCED TO < S40F ISOLATE THE
AFFECTED $6 BY: ’

CLOSING THE WAIN FEEDWATER BLDCK AND EFW SUPPLY

POSS1BLE TUBE AUPTURE IN BITH S8'S
4

CONDITIONS INDICATE A POSSIBLE TUBE FAILURE N BOTH S6'S.
CONTISUE PLANT COOLDONN AND DEPRESSURI ZAYION PER

NORMAL COOLOOWN PROCEDURE USING BOTH SG'S

AT HRS CUT IN CONDITIONS, START THE GHRS. THEN
CONTINUE COOLODWN TG COLD SMUTDOWN SO THE LOOPS AN BE
DRAINED AND REPAIRS STAHTEO.

VALVES,TBV'S AND NADY,

SWITCH BOTH WAIN AND ENERGENCY FEEDWATER STEAN
SUPPLIES T0 THE UNAFFECTED SG,

{)—
CONTINUE PLANT COOLOORN AND DEPRESSURIZATION USING
NORMAL COOLDOWN LIMITS, WSTH STEMN RELEASE FRDN THE
UNAFFECTED SG 10 THE CONDENSER. AT THE DHRS CUT IN
CONOVTIONS, START THE ONRS, TREN, CONTINLE PLANT
COOLOOAN T0 COLD SHUTBOWN SO THAT THE LODPS AN BE
ORAINED WND REPAIRS STARTED.

ACCIDENT #5 TERNINATED. PRINARY 10
SECONDARY LEAXAGE IS STOPPED AND THERE IS
NO FURTHER POTENTIAL FOR OFFSITE RELEASES.

A CODLDONN AND DEPRESSURLZATION OF THE PLANT MiNINIZES
THE POTENTIAL OFFSITE DOSE (NPACT OF A SETR BECAUSE:

& 6Y REOUCING RCS PRESSURE, THE PRINARY TO
SECONDARY LEAKAGE WILL BECREASE.
BY DECHEASING RC TENPERATURE, THE POTENTIAL OF
LIFTING THE STEAM SAFETY YALVES (RESULTS IN &
QIRECT RELEASE 10 THE ATWOSPHERE) ON THE AFFECTED
6 IS REOUCED,

WITH SECONDARY SYSTENS OPERATING PROPERLY AND ACS
INVENTORY UNDER CONTROL A NORNAL COOLDOWN AT UP TO
100F/HR WHILE MAINTAINSNG MIN)NUM REACTOR COOLANT
SUBCOOLING SHOULD BE STARTED.

CONTROL ACTEON/LINITS

» AS THE PLANT IS COOLED AND DEPRESSURIZED, WU MUST
BE ADJUSTED T NAINTAIN PRZ. LEVEL STABLE. 00 KOT
ALLDY PRESSURIZER LEVEL 10 60 OFF-SCALE L0¥
BECAUSE THIS CAN LEAD T0 A LOSS OF SUBCODLING
WARGHN (1e, AC PUNP TRIP. LDSS OF PRZ. SPRAYS, EFX
ACTUATION, FULL WPI FLOW, PDSSIBLE OVERCODLING OF
RES).

@ DO HOT ALLON AUTOXATIC ESFAS ACTUATION ON LO¥ RC
PRESSURE AS THIS RESULTS IN LOSS OF SERYICES 70
THE RC PUNPS. BYPASS ESAS BEFORE RCS PRESSURE
DROPS BELOW 1500 PSIG.

# COOLDOWN PLANT BY STEAM DUNP TO CONDENSER AT UP
T0 100F/KR, USUALLY BOTH SG'S. MONITOR TUBE TO
SKELL TENPERATURE DIFFERENCE AND SLOW COOLOOWN
AS NECESSARY 10 NAINTAIN < 6OF TEMPERATURE
DIFFERENCE (SEE ATOS. PART )1, "BEST METHODS™)

® UEPRESSURIZE THE PLANT USING THE PRESSURIZER
SPRAYS.

® 0O NDT EXCEED FUEL IN CONPRESSION LINATS,

®, DON'T RUN RC PUNPS ¥ITHDUT ADEQUATE NPSH OR AT
SYSTEM PAT CONDITIONS WHICH COULD CAUSE FUEL LIFT.
TRIP PUNP PER NORMAL PLANT LINITS AND PRECAUTIONS.

& IF THE WATER LEVEL IN THE AFFECTED S6 DROPS. ADD
ADDYTIONAL FEEOWATER TO PREVENT ORYOUT.

NOTE:
WiTH STEAM RELEASE 70 THE CONDENSER OFFSITE
AELEASES SHOULD BE SWALL. PERSONNEL SKOULD BE
0§SPATCHED T0 NONITOR RADIATSON LEVEL QUTSIDE
CONTAINMENT.

§ EVEN THOUGH THE AFFECTED SG HAS GEEN ISOLATED, THE
PRINARY T0 SECONDARY LEAKAGE RATE HAS NOT STOPPED
CONPLETELY. THE WATER LEVEL )N THE AFFECTED S&
NAY CONTINUE TG RISE. THE AFFECTED SG SHOULO NOT
BE ALLOWED TQ FLODD BECAUSE THE STEA LINE 1S N3T
DESIGNED T0 HOLD WATER, CONSEQUENTLY, THE RATER
LEVEL IN THE AFFECTED SG SHOULD BE WONITOREQ
PERIGOICALLY. (F THE LEVEL INCREASES ABOYE 95%
ON THE OPERATE RANBE. THE AFFECTED S SHOULO BE
STEAMED T9 THE CONDENSER TO DECREASE
0 NAINTAIN THE LEVEL BELDY 95% ON THE OPERAIE
RANGE, THIS ACTSON SHOULD BE CONTINUED UNTIL THE
LOOPS ARE DRAINED.

A COOLDOWN AND DEPRESSURZATION OF THE PLANT IS REQUIRED 30 OECHEASE THE PRINARY TO SECONDARY LEAKAGE AND
T0 PREVENT LIFTING THE SECONDARY SAFETY YALVES ON THE AFFECTED SG. AN EMERGENCY COQLOONN AND DEPRESSION,
WSING BOTH 56, SHOULO BE STARTEQ 10 ACKIEVE ~1000 PSIG NG S0DF. THE PERFERRED COOLDOWN PATH 1S OKE WHITH
MINIMITES REACTOR COOLANT SUBCOOLING:

2000
POST TRIP
2408 - wINDOS
200 |
ol
" 2000
2 SUBCODLED
2 REGION SUPERMEAT
E oo AEEI0N
= 0o PERFERRED PATH
8 UsING
3 unp PRESSURIZER SPRATS
& (Tyoy) a0 rormr-rest e
2 o R
s STEAN PRESSURE A+ Teous! 20 rer Ty
s Tt CHREDLATION [Teg )
g tool —>
e [ - MORUAL OPERATING POIRT-POWEN
s OPLRRTION (T,qq]
g wopr N ot
) SATURATION =7 €n rornr-ront TRIF WiTK
se0 . U mamonan concouamien (i)
L SUBCOOLED
o0 BARGIN LINE
o " L L )
400 450 500 350 00 1] o0
Reactor Coolant ang Steas Outlet Tempersture, F
2600
POST TRI®
2400 iNDOY
2200 |-
% 20|
H SUBCOOLED
- REGION SUPERNEAT
L REGION
T et PERFERRED PATH
S USING
AL PRESSURI ZER
a M XD POINT-POST TRP WITH
R ORY (Tyqp) g rorcEo CrocuaTion {1y
BO0E gren parssuRe G ¢ cora? tue for matelit
Z CrreuLaTion Cepipy
FRLUS
< % NORMAL OPEAAT(NG POINT-POWIE
3 orERATION (Tyq0)
5 sor "
£ SATURRTION =7 (o0 rorur-post THer wiTR
500 b 1) st coneutation (1410
SUBCODLED
400 - WARGIN LINE
] - :
0 450 500 550 00 G Tin
Reactar Goolant and Steam Dutlet Temgarature.
REFER TO:

ATD PART §, SECTION. 114 O FOR PROCEOURE
ATOG PART 11, SECTIDN F "LOCA" FOR D1SCUSSION

CONIRUL_ACTIONS/LINITS:

OLDOMN INITIALLY USING BOTH SG AT NAXINUX RATE: DUNP STEAB TO ATMOSPHERE. USING MADY'S,
1 CONDENSER 1S NOT AVAILABLE.

17 PRESSURIZER SPRAYS ARE NOT DPERAT(VE, DEPRESSURIZE THE PRIMARY SYSTEN USINE THE ERY.
OCL AND OEPRESSURIZE THE ACS [NTERWITTENTLY (BETNEEN THE SUBCOOLED WARGIN LINE AND 30F
SUBCOOLING) AS SHOWN IN THE P-7 CIAGRAM ABOVE. 1§ PRESSURIZER SPRAYS ARE AVAILABLE.
MAINTAIN ~50F SUBLOOL LNG.

. THROTTLE WPI/NU 10 AINTAIN PRESSURIZER LEVEL STEADY AS PLANT IS COOLED AND OEPRESSURIZED
D0 NDT ALLOW PRESSURIZER LEVEL TO GO OFF SCALE LOW BECAUSE A LOSS OF SUBCOOLING WARGIN
WILL OCEUR.

- /QYPASS SLBIC AT A SG PRESSURE ABOVE 600 PSIG 7O AYOID CLOSURE OF WSBY.

BYPASS ESAS AT N AC PRESSURE ABOVE 1600 PSIG T A¥O10 LOSS OF SERVICES T0 THE RC PUXPS.

. THIS 1S AN EMERGENCY COOLOOWN, FUEL CONPRESSION LIMSTS 00 NOT APPLY.

L

MODE 2

EMERGENCY COOLDOWN WITH
TWO STEAM GENERATORS

0 BE USED SHEW:
1. CONDENSER (5 NOT AVAILAME

THE LOST REACTOR COOLANT)

OR, 2. TUBE LEAK IS LARGE (WP} 1S REQUIRED TO REPLACE

B (SOLATE LETDOWN

0 ~ 1000 PSIG AND 500F USING BOTH

—
PREPARL PLANT FOR EMERGENCY COOLDGNN AND DEPRESSURIZATION

8§ TURN-QFF PRESSURIZER HEATERS
BEGIN EMERGENCY CODLDOWN AND DEPRESSURIZE AT MAXHIUN RATE

STEAR GENERATORS

>

HAS THE AFFECTED SG Bl
POSITIVELY 1DENTIFIED

EEN

YES I

I

l

N

& EVEN THOUGH THE AFFECTEO SG HAS BEEN ISOLATED, THE
PRINARY T0 SECONDARY LEAKAGE RATE HAS NOT STOPPEO
CONPLETELY. THE WATER LEVEL IN THE AFFECTED SG WAY
CONTINUE T0 RISE. THE AFFECTED SG SHOULD NOT BE
ALLOYED TO FLCCO BECAUSE THE STEAN LINE )5 NOT
QESIGNED TO WOLD WATER. CONSEQUENTLY. THE WATER

AS SGON AS Typy 1S < S40F ISOLATE THE AFFECTED SG BY:

9 CLOSING THE MAIN FEEDWATER BLOCK VALVES. EFY
INJECTION AND PUMP SUPPLY VALYES, TBY'S, AND WADY
SWITCH BQTH MAIN AND EMERGENCY FEEDNATER STEAN
SUPPLIES TO THE UNAFFECTED SE T0 LIBIT
RADVGACTIVE CONTAMINATION.

LEVEL IN THE AFFECTED SG SHOULO BE WON)TORED

PERIODICALLY. IF THE LEVEL -NCREASES ABOVE 95% ON
THE UPERATE RANGE, THE AFFECTED SG SHOULD 6F

STEANED T0 THE CONDENSER DR ATHOSPHERE TO DECREASE
OR WATNTAIN THE LEVEL BELQN 95% DX THE DPERATE

RANGE. THIS ACTION SHDULO BE CONTINUED UNTIL THE
LDOPS ARE DRAINED.

| & NON-JSOLATABLE STEAW LEAK EX1STS ON SHE AFFECTED
$ OUTSIOE CONTAINNENT (CONTANINATED STEAN 1S BEING

RELEASED TO THE ATMDSPHERE), OON'T ISOLATE THE
AFFECTED SG. COOLDOWN THE PLANT USING BOTH S6'S.

)

CONTINUE PLANT CODLDDNN 4D SEPRESSURIZATION USING
UNAFFECTED SB AT UP TO 100F/KA. START OHAS SHEN P-T
CONDITIONS PERNIT. THEN CONTINUE COOLOOWN 70 COLD
SHUTDONN SO THAT LOOPS CAN BE ORAINED AND REPAIRS
STARTED

N
ATTENPT TO VDENTIFY THE AFFECTED SG USING BACKUP
OETECTION NETHODS, WHILE THE PLANT 1S BEING COOLED AXD
DEPRESSUR1ZED.

HAS THE AFFECTED $§ BEEN
IDENTIFIED?

YES

POSSIBLE $EIR
IN BOTH S6°S,

0
CONDITIONS INDICATE A POSSIBLE SETA IN BOTH S6°S:
CONTINUE EMERGENCY PLANT COCLDOWN AND DEPRESSURIZATION
USING BOTH SG'S. (90 NOT (SOLATE A SG)

FROM ~ 50DF AND 1000 PSIG. [MMEDUATELY BEGIN A COOLDOWN
AND DEPRESSUR)ZATION AT UP TO 100F/HR USING THE
UNAFFECTED S (DR BOTH SG'S IF & SGTR 1S SUSPECTED IN

£ACN) WHILE WALNTAINING NININUM REACTOR COOLANT
SUBCODLING. (USE CONTROL TECHNIQUE 1LLUSTRATED IN P-¥
DIAGRAN SHOWN AT THE IMMED!ATE LEFT.
REFLR 10

ATOG-PART £, SECTION 111 O FOR PROCEOURE

ATOG-PART VI, APFENDIX € FAR DISCUSSION

ATOS-PART 111, APPENDIX F "LOCA" FOR DISCUSSION
CONTROL ACTIONS/LIMITS (IN ADDITION TO THOSE NOTED iN

LOGIC BLOCK AT THE (MEDIATE LEFT.)’

BON'T LET ¥HE AFFECTED SG FLOOD; STEAN AFFECTED SE
10 CONDENSER/ATHOSPHERE AS NECESSARY 10 KEEP THE
TATER LEVEL € 9% ON THE DPERATE AANGE.

IF THE AFFECTED SG IS )SOLATED, WON{TOR TUBE 1O

SHELL AT AND QECREASE CODLDOWN RATE AS NECESSARY TO

XOT EXCEED THE ENERGENCY 8T LINIT OF 150F ADD

FEEDEATER 10 1SOLATED S& TD MANIMIZE THE TUBE TO

SHELL AT AS OIAECTED IN ATOG-PART 1, "BEST WETHODS®

FOR "COOLDOWN WITH DNE S6 QUT OF SERVICE™.

DON'T RUN KPI PUNPS AT LOW FLOW CONDITIDNS (~ 100 GPM

OR LESSY. S RES PRESSURE 1S REGUCED, THE PRINARY

0 SECONDARY LEAK RATE MILL DROP. USE NORMAL KU

WKEN POSSIBLE (SEE ATOG-PART 11, "BEST WETHODS").

1F THE CONDENSER AND RC PUNPS ARE KOT AVAILABLE AND

(1) BEST WATER IS RUNNING OUT DR

(2) CODLODWN NUST BE STOPPED TO PREYENT LOSS OF
SUBCOOL ING MARGIN N AFFECTED LODP AND THE
AFFECTED GENERATOR WATER LEVEL 15 AT 958 UK
THE OPERATE RANGE

START FEEQING T0 AND INITIATE STEANING OF THE

AFFECTED SG. COOLOONN THE PLANT USING BOTH SE'S

UNTIL THE OWRS CAN € STARTED.

b

ACCIDENT IS TERWINATED, PRINARY T0
SECONDARY LEAKAGE 15 STOPPED AND THERE
1S KO FURTHER POTENTIAL FOR BFFSITE RELEASES

[

|
|
|
g
!
|

{
MODE|3
EMERGENCY COOLDOWN WITH
ONE STEAM GENERATOR

WINIMUN REACTOR COOLANT SUBCODLING TO DECAEASE TKE PRIMARY 70 SECONDARY LEAKAGE.

AN EMERGENCY PLANT CODLOOWN AND DEPRESSION IS NECESSARY SECAUSE THE PRINARY TO SECONDARY LEAKAGE CANNOT
BE STOPPEQ UNTIL THE RCS S CONPLETELY DEPRESSURIZES. THE PLANT COOLDONN SHOULD 8E CONSTRUCTEO MTH

O BE USED WHEN: |

CONDENSER 15 NDT AVAILARLE
OR, 2. JUBE LEAK IS LARGE (WP1 1S REQUIRED TO REPLACE
THE LOST REACTOR COOLANT) |

AND, 3. ONE STEAM GENERATOA EiTHER CANNOT BE FED NITH
FEEOWATER DR 11 CANNOT HOLO STEAN PRESSURE

IF THE CONDENSGR 1S NOT AVAILABLE, STEAM FROM THE AFFECTE
$6 WILL BE AELEASED TO THE ATWOSPHERE (¥(n NSS¥'s 08 oL
ADY's) ONTIL THE OHAS IS PUT INTD OFERATION. THIS T
GRERATING MDDE CAN PRUGUCE VERY HIGH OFFSITE DDSES.
APPROPRIATE ACTION FOR & SITE EMEAGEACY SHOULD BE STARTEO
CIF NOT ALREADY IN PROGRESS).

PLANT 1S STABLE WiTH DECAY HEAT BEING RENOYED BY AFFECTED
SG WITH STEAN RELEASE T0 THE CONDENSER OR ATHOSPHERE.
UNAFFECTED SG IS (SOLATED AND DEPRESSURIZED BECAUSE DF
STEAN LEAKS OR INABILIFY TO SUPPLY FEEDWATER.

FIGURE C-3

STEAM GENERATOR TUBE
RUPTURE LOGIC DIAGRAM

PLANT JS STABLE WITH DECAY HEAT BEING REMOVED BY
UNAFFECTED 56, THE AFFECTED S6 IS DEPRESSURIZED.
REACTOR COOLANT LEAKING INTO THE AFFECTED S6 WILL BE
BOILED OFF AND RELEASED TQ THE ATNOSPHERE OR REACTOR
BUILOING (F & UNISOLABLE STEAM LEAK EX)STS.

Sheet 2 of 2

OEPRESSURI ZATION:
& ISOLATE LETOOWK

0 GYPASS ESFAS

OHRS INTO OPERATION

'O

PREPARE PLANT FOR ENERGENCY COOLDOWN L

& TURN OFF PRESSURI2ER HEATERS

GEGIN EMERGENCY COOLDOWN & DEPRESSURIZATION 30 PUT

Reactar Coolant ana Steam Dutiet Temperstors. F

2600
v
POST TRIP

un - (NOOY

0 |-
RS

. < SUBCOOLED

H REBION SUPERHEAT
FaL HEGION
T PERFERRED PATH
2 sl
F 8w USING :
PR PRESSURIZER PORY
& Cuerd .
H R
s o0 STEAN PRESSURE A+ teors? 40 vor mmutat
H LT — cretutation (ggrp)
s ‘o000
S - - [ "OTAL OPEALTING POINT-PONEH
< SOF SUBCOOLED orenstion (1,g0)
Ll N
= SATYRATION =71 €np roinT.eosT THIP WOTH

800 U ) waTuna crreatation (Tyqp)

400 WARGIN LINE

0 Y !
o 450 500 550 500 (11

CONTINUE TD MON1TOR THE WATER LEVEL IN THE AFFECTED SG.
WATER MAY ACCUNULATE AFTER THE DHRS IS PUT INTO

0

START DHAS WHEN PRIMARY PLT CONDITIONS PERMIT.
CONTINUE TO COOLDOWN TO €OLD SHUTOOWN SO LOOP CAN BE
DRAINED AND REPAIRS STARTED.

QPERATION, STEAW THE AFFECTED S6 10 LINIT THE WATER
LEVEL < 85% ON OPERATE RANGE. 1F THE SE CANNOT BE
STEAMED OPEN S& DRAIN LINES {F POSSIBLE.

Reactor Coolant ang Steam Qutlet Temperatuss F

CONTRDL ACTIONS/LIMITS

COOLDONN AND DEPRESSUR)ZE THE PLANT, MAINTAINING MININUM GENERATOR COOLANY
P-T DIAGRANS ABOVE), 70 PUT DHRS INTO OPERATION.

IF PRESSURIZER SPRAYS ARE AVAILASLE, MAINTAIN APPROXIMATELY 50F SUEL'7. %5,
§ COOLDOWN BY REDUCING STEAM PRESSURE USING THE TBS OR NACY.
COOLOOAN RATES:
4 WAINTAIN NAXIWUN RATE UNTIL Tn < 500F.

# SLOW CODLOOWN, AS NECESSARY, T6 NOT EXCEED EMERGENCY TUBE TD SKELL ~
ADD FEEDWATER 10 ISOLATED SE T0 WININIZE THE TUBE TD SHELL AT AS QIRECTED ~ :
FOR "COOLDOWN XITH ONE SG QUT 0F SERVICE."

THROTTLE HP1/MU TD WAINTAIN PRESSURIZER LEVEL STEADY BETNEEN 50" 4ND 100 ° -
NORNAL MY [F PLANT CONDITIONS PERNIT (SEE ATOG-PART Il SECTION IE.)

THIS IS AN EMERGENCY COOLOGNN: FUEL COMPRESS(ON LIMITS DO NOT APPLY.

2600
POST YRIP

100 [ ¥IN00Y

2200 |-
° ol .
S SUBLODLED
H REGION SUPERHEAT
L REGION
= sl PERFERRED PATH
H using
PRI PRESSURIZER SPRAYS
ES Tyor) Fxu POINT-ROST TRIP WiTH
- B teveen CircuLation (T
21200 sigaw pRESSURE _' ‘cqup} 4n8 FOR mUTIRAL
H CetoLaTion (Tegp
s 1000
3 [ *0ehL OPERATING POINT-poEn
5 N ovreation (1,00
3 mor e
2 =1 (eb vonroress TS EiTe

sl [ o gr)

SUBCOOLED
40 WARGIN LINE
] - L s L
0 450 500 550 00 )

0QOLING MARGIN {SEE

0 DEPRESSURIZE WiTH THE PRESSURIZER SPRAYS OR PORY, (F USE OF THE PURV 15 “ECESSARY. COOL ANG
DEFRESSURIZE THE RCS (NTERMITTENTLY BETNEEN THE SUBCOOLED WARGIN L(%E tu% 5QF SUBCODLING).

© NAINTAIN ~ 100F/HR WHEN Tn < SODF UNTIL THE ENERGENCY' TUBE TQ SHE.. . v * OF 150F IS REATHED,
URE LAHITS OF 1505,
PART 11, "BEST KETHODS™

(S “ON", START

J\>

ACCIDENT IS TERNINATED PRINARY 0
SECONDARY LEAKAGE 1S STOPPED AND THERE 1S
NO FURTHER POTENTIAL FOR OFFSITE RELEASES,

IF THE AFFECTED S5 15 OPEN TD THE ATNOSPHERE, HIGH
OFFSITE DOSES CAN OCCUR, APPROPRIATE ACTION FOR A SITE
ENERGENCY SHOULD BE STARTED (1F NDT IN PROGRESS)
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NUMBER

APPENDIX. D

LOSS OF OFFSITE POWER

1.0 GENERAL TRANSIENT DESCRIPTION

Loss of offsite power 1is a fa'ilﬁe to provide power to the plant
®

auxiliaries from an offsi%&ohrcve. It is not an "abnormal"
[ J :
transient or a failt%.‘o control . ’t';he 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 Uni.t 1 auxiliary transformer during both
normal operation and grid separation. Therefore, power is still
supplied to al‘l 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 turbi_ne throttlé valves,‘to the condenser through the
turbine.bypass system, and to the atmosphere throﬁgh the'éode safety
valves. The‘ atmospheric dump valves are manually operated and

therefore will not open.

DATE: 3-2-81 Append_ix D, Page D-1
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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 transformer to the startup
transformer which now has no power‘\ Therefore, all power is lost to
e
the plant auxiliaries except‘ﬁ&e components loaded on the 125V DC
o . . .

battery banks and 120 V%'v tal bus.

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

switching station.

Approximatély '23 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 bev ;1sed for decay heat removal. To establish natural
circulation the steam dri\}en and both electric driven emergency
feedwater pumps are automatic.ally started. Water - from both the

steam and motor driven EFW pumps will be éutomatically directed to

DATE :

- 3-2-81 N - Appendix D, Page D-2
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the steam generators. This EFW is 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%fr0m4§Pe EFW pumps into the top of the
A
0TSG's will slowly quench o:“'o .d,efrvllsev the steam. As a result, the
° o
OTSG steam pressure w% ecrease 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
voperator 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.

DATE:  3-2-81 | D | Appendix D, Page D-3
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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 will also inciééa\ as makeup flow raises pressuri-

. :
zer level back to its noggal¥setpoint. When secondary pressure has

° .
increased to the TBS ng»oint 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

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

Little Rock, Arkansas. This resulted 1in a loss of offsite power.

The reactor and consequently, the turbine generator tripped'due to
under voltage to the control rod drive breakers. The reactof did
not tfip on high RC pressure as would be expected. The control rod
drives are normally powered from startup transformer #l1 and make a
transfer to the auxiliary transformer upon LOOP. During this trip,
there apparently was a momentary delay in ﬁhis transfer and the
control rods fell into the core. Buses H-1, H-2, and A-l1 trans-
ferred to startup transfer #1 which had lost power due to the LOOP.

Bus A-2 transferred to startup transformer #2.

DATE :

3-2-81 ' : Appendix D, Page D-4

N S N . s am am e




/— -l' - -. ~ - “ - -

BWNP-20007 (6-76)

BABCOCK & WILCOX o owaen

NUCLEAR POWER GENERATION DIVISION

TECHNICAL DOCUMENT | 76-1123298-00

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 auf.omatically and emergency . feedwater
and makeup flow was initiated in about A30 seconds after the LOOP,
After approximately 4-1/2 fﬁinute;«bus Hl, H2, and Al were -switched
to startup transformer #2.“‘1. ’E‘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 steamApressure versus time. Since
OTSG level was slowly decreasing, the EFW flowrate was probably very
small. Although the OTSG ievel is to be raised to 50%Z 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 the level for an extended period of time would have

led to possible loss of natural circulation.

The slow oscillatioms in steam pressure are probably due to the
steam safety valves 1lifting and blowing down. Steam pressure

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

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

DATE :
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the cold leg when natural circulation is developed. The cold leg

temperature will approach the saturation temperature of the steam

pressure.

_ Figure D-3 shows the 1loop A .:s(essure versus time after trip.

- I3 . ‘ - I3
After an initial decrease dﬁ‘bto Tave decrease following a reactor
) ] . .
trip, the pressure bé&}ns to increase.. This 1is 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 27, 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 AT required to establish natural circulation. The
plant daﬁa for the February 22, 1975 LOOP does not show a similar
trend. This difference is due to the 1long time intervél used

between plant data points.

DATE :
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4 Figure D-1 LOSS OF OFFSITE POWER - 2/22/75
s10 b LOOP A RC TEMPERATURES VS TINE
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\.Reactor Trip
600 | ‘ . Hot Leg
~e = C0ld Leg
580 |
[V
S 580 |
a
E
=
s b
560 _- A\\ R
-J’ . ~ _.-——_-—
550 _ I ' L ] L
0 1.0 2.0 3.0 4.0

Time After Reactor Trip, Minutes
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Figure D-2 LOSS OF OFFSITE POWER - 2/22/15
LOOP B RC TEMPERATURES VS TIME

c—— HOT LEE
—— C0ld leg
-
///»\\\ R
--, \\--——————————__"'/
1 ) N ) ,
0 1.0 ) 2.0 3.0 4.0

Time Aftar Reactor Trip, Minutes




Loop A Pressure, psig

2200

2150

2100

2050

2000

1950

1900

Figure D-3 LOSS OF OFFSITE POWER - 2/22/75
o LOOP A PRESSURE VS TIME
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Figure D-4 (0SS OF OFFSITE PONER - 2/22/75
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Figure D-5 LOSS OF OFFSITE POWER - 2/22/75
- OTSG STEAM PRESSURE VS TIME
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Reactor Coolant and Steam Outlet Pressure, psig
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Figure 0-6 LOSS OF OFFSITE POWER-2/22/75
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OPERATOR ACTIONS SUMMARY WITH NO OTHER PLANT FAILURES

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

- Verify EFW has started towpoth:ﬁ¥SG's then throttle flow to both
0TSG's such that: .\.
a. OTSG level is &;easing to 50‘7on operate range and
b. Steam pressure does nof fall more than 100 psi below its

target value.
- VStart'a MU.pump,'establish makeup and RCP seal injection

- Start instrument air compressor

- A loss of offsite power is a failure to provide power to the
plant auxiliairies from the offsite source. It is 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

2.0
Major Operator Action
Identifying Symptoms
transients are:

- RC and MFW pump trip

- Under.frequency or under voltage on the 230 kv busses
- Trip of condensate and circulating water pumps

- Automatic start of hydro generators

- Trip of instrument air compressors

DATE:
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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.

[ J
As was pointed out, most ofw& plant response is automatic. The

operator must take fouﬂasc Yons: 1) -assure restart of at least one
makeup pump, 2) throttle EFW, 3) establish seal injection, and 45
start an instrument air compressor. The first two actions are
intended to prevent draining of the préssurizer which would result
in- a poséible loss of subcooling and a consequent loss of natural
circulation cooling. Restoring seal injection is also required for
reactor coolant pump protection. Stérting the air compressor is

needed to supply air to numerous control valves and instrumentation.

An operator using the guidelines for the évent 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 fequire actionvis to verify that letdown is flowing.throﬁgh
thé block orifice only. If the bypass valve is open if 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 actiom.

DATE :
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Step 8.0 is the crucial step for diégnosis_of a LOOPi The 6900V and
- 4160V busses Vill 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 ﬁoltage on all ‘Bus§e ;:<§Pe voltage will not be on all

VL
busses, therefore, the o§;§gr.-wi}1 take the required remedial
. . ‘ -

action. %

The remedial actions to be taken for Step 8 are:

a. Start or verify the auto start and loading of the hydro genera-
tors (automatic); this: should occur within k23 ‘seconeds after
turbine generator trip.

b. Verify that both the motér driven EFW pumps and gﬁe.steam d;iven
EFW pump started. then raise OTSG operate ievel to 50% (auto-
matic).ﬁhile throttling EFW (manual) as needed to keep stéam.pres-
sure within 100 psi of its tafget'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 1is 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.

DATE:
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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-
dent 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 t%'c re to the steam generators. .
. :

L

In addition to a possible failure of one of the major control func-
tions discussed throughout 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 1oss 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.

DATE: 3-2-81 Appendix D, Page D-10
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Figure 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 Inventory Co.i'ltrpl gow)
A loss of reactor inventory.‘fo ) exists whenever makeup or HPI is

insufficient to overco%a primary leak rate. The most probable pri-
mary leak is a failure to stop letdown, except through letdown

orifice, after a reactor trip.
The makeup pump busses are automatically loaded onto the diesel

pumps. If he does not do so, the pressurizer will drain unless
letdown is completely isolated. The instructions of part one only
require isolating the block orifice bypass valve. Draining  the
pressuI;izer is especially likely if excessive EFW occurs. and

overcools the primary.

In either of the above cases (excessive 1etd§wn or inadequate make-
up), the symptoms will be the same, decreasing pressurizer level énd
pressure wi‘:h eventual draining of the pressurizer. The primary
pressure will then quickly a.pproach the saturation pressure qfn the
primary temperature. As long as primary temperature has been main-
- tained below 600F (which has a saturation pressure of 1500 psig), ES

will actuate HPI.

DATE: 3-2-81 o A‘ppendix D, Page D-11
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The symptoms of uncontrolled reactor inventory (low) will be. very
‘similar to those of uncontrolled secondary imventory (high). The dis-
tinguishing characteristics of the two events is that primary tempera-
ture as well as pressure will decrease for the uncontrolled 'secondary
inventory (high). As shown in Fi Sh D- the P-T diagrams are con-

siderably different. Figure D‘ ows typical parameter trends for

this case. : %

The appropriate actions for an operator to regain control of primary
inventory are as follows:

- Isolate letdown

- 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.8 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 Inventory Control (High)

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

makeup or HPI. These can happen by:

- If pressurizer level continues to decrease, manually initiate HPIL l

DATE:. . 3-2-81 : . , Appendix D, Page D- 12
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1. Pressurizer level is controlled by varying makeup uéing the make-
up control valve; thereforé 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 ‘Fésgtor is allowed to throttle the flow
when subcooling ma%ﬁ‘is regalned If he does not, excessive

HPI can occur.

An operator using ATOG, Part I, séctién Ii only, wouid not be able
to directly diagnose excessive makeup. However, a slowly increésing
pressurizer level will indicate the problem. It should be
emphasized that excessive mékeup is an extremely slow transient and
- ‘ there should be ample time for the operator to recognize and correct
the problem. Several indications, such as high makeup flow and

pressurizer level alarms, are available to assist him.

1f HPI has been started manually or automatically due to loss of sub-
cooling margin, Section IIT A of Part 1 will direct the operatdr to

throttle the HPI once subcooling margin has been.regained.

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

tory control (high).

DATE: 3-2-81 : ’ ' Appendix D, Page D-13
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The actions the operator can take to regain control of the reactor

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 p ‘Qhouldig__z.be tripped after all
other actlshf ave falled to stop the excessive makeup.

Tripping the makeup pumps makes RCP seal injection

unavailable.

Loss of Secondary Inventory Control (Low)

A loss of secondary inventory control.(low) exists whenever there is
.00 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 typicél of a 1qss of primary to secondary heat
transfer. OTSG level will decreasé with éventual dry out of both
OTSGs. RC temperature 'will. increase along with a rise in
pressurizer 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 teﬁperature maintains a density difference
between cold and hot legs. bHowever, this is not stable natural
circulation. nor . does this flow aéequately c&él the core for 1long

periods of time.

DATE : 3-2-81 . - ~ Appendix D, Page D-14
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At Step 11.0 of Part I, Section II, the operatér will see that pri-
mary to - secondary heat transfer has been lost. Step 12.0 will
direct him to follow Sgétion III B for loss of heat transfer. EFW
will be regained or the plant Qill be placed into HPI cooling and

brought to a stable shutdown. "

Loss of Secondary InverK\PySXHigh)
v

A loss of secondary inventory (high) exists whenever significantly
more emergency feedwater is being injected into one or both steam
generators than 1is requirea.to remove the existing decay heat. The
symptoms and corrective actions for excessive EFW are discussed in
Appendix A and will not bé repeated here. However, it should be
emphasized tha§ draining of .the pressurizer due to overcooling may
result in void formation in the primary. This ﬁay lead to an accumu-
lation of steam at the top of each hot leg and a stopping of natural
circulation cooling. Chapter D of Part II discusses methods of

recovery from this condition.

Loss of Primary Pressure Control (Low)

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

result of:

(1)  Power being lost to all presurizer heaters.
(2) The pressurizer draining.
DATE: 3-2-81 : : Appendix D, Page D-15
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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 pressﬁrizervwill
cool and condense. Eventgally the bubble will collapse, the pres-

surizer will fill and primary presﬂﬂfe control will be lost.
. °

o\.

‘.\:
An operator using Partw ection 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 the P-T display. 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). 1If it does, control of primary pres-
sure will be lost. RCS pressure will then 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 12.0. 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.

DATE:  3_9_83 Appendix D, Page D-16
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Loss of Steam Pressure Control (Low)

A loss of steam pressure control exists whenever one or both steam
bénerators undergo a pressure reduction significantly below the
safety valve or TBS reseating set point. This is an overcooling
transient and will look£}similar :G‘P the P-T curve) to the small
steam line break transi%“ql'ggu$s_ca;gl in Appendix E. There |is
nothing unique about 18%{ of tﬁiélébﬁtfol function coupled with a
loss of offsite power, therefore, it should be. identified and

treated as discussed in Appendix E.

Loss of All Power Except Batteries

A loss of all bower (or station blackout) exists when both hydro
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 available to the plant au%iliaries are the 125V DC
battery banks. This results is a loss of powér 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

-= Presurizer heaters

- Instrument air compressors

DATE: 3-2-81 _ : Appendix D, Page D-17
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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 EFW into the

steam generator for natural cir@‘&ation. The HPI pumps are not

L J
- powered and thus HPI cooli"&annot be initiated. However, the

[ ]
Y .
operator must establlsﬁafo ing water flow to the steam driven tur-

bine within 12 minutes.

This situation cannot be 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 ieast 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 heaters and makeup pumps have lost power, the
operator has no control of primary pressure,or inventory; Any'voids
that.form‘in the primary will tend to accumulate in the hot leg and
‘obstruct mnatural circulation.“ Therefore, the plant méy windup in
the reflux boiling mode.' fhe 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

DATE :
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verify vital system status in Section II. At Step 8.0 he will be
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. 1In the long run, offsite power must be

“regained or a hydro generator or‘th‘Lee station started before primary inventory

. \'Y
control is lost. Q:\.
Q’
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- OO ACS TO MAINTAIN SUBCOOLING MARGIN
LINITS IMPORTANCE TO EVENT UNCONTROLLED COOLDOMN
\ - THIS IS A VERY SLOR TRANSIENT AND WILL BE CORRECTED OR THE PLANT COOLED DOWN WITH & t IS IN PAOGRESS. THE
S0LID WATER PRESSURIZER POTENTIAL FOR STEAM
LINE BREAK AND MPT
VIOLATIONS EXIST

e e il




BWNP-20007 (6-76)

BABCOCK & WILCOX

NUCLEAR POWER GENERATION DIVISION

TECHNICAL DOCUMENT B 76-1123298-00

NUMBER

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 ?&&ts from too much primary to

secondary heat transfer. %’\.
Q.

A small steam leak is defined as loss of steam up to about 25% of

fﬁll flow. The largest leak assumed ié ‘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 component fail-

ures. However, th-e basic principles and sequence of events to be

discussed also apply to 1argér 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 c;oolant down. The ICS will pull rods to increase core pbwer
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,

DATE: 3-2-81 Appendix E, Page E-1
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if the leak results from a stuck open TBS valve, the mass flow
through the 1eék goes to the éondenser and the plént could operate
indefinitely. The only indication will be the reactor-turbine power
mismatch. An atmospheric leak will require makeup to prevent the
hotwell from draining. Hotwell Alxei&nd condensate level as well as -
visual inspection will indi Cg}%he leak. If, however, the leak isb
inside containment, and ggbsignal on high RB pressure will occur. ES>
actuation will happen in about ten minutes for a leak equivalent to
1% 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 fluxf Small leaks will not cause a reactor
trip (up to about 3% flow) if the reactor 1is 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 not 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% automatically with only a temporary loss of sub-
cooled mafgin. HPI will be actuated by ES and will recover RCS pres-

sure, although temporary drainage of the pressurizer may occur.
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BWNP-20007 (6-76)

BABCOCK & WILCOX

NUCLEAR POWER GENERATION DIVISION

TECHNICAL DOCUMENT | 76-1123298-00

NUMBER

After the leak 1is 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 b‘:ed on a leak equivalent to 25%

full flow and occurs with maxiuwge.cay heat. A larger leak or lower
°

decay heat levels w0u1d{§f§§§t in a faster cooldown rate and could

cause RCS saturation. As an example, refer to Figure 16.in Part II,

"Diagnosis and Mitigation", showing the expected response to a larger

steam leak.

If the leak is umisolable the opertor must isolate FW to the broken
SG and allow it to boil dry. In addition, other failures may occur
which will require operator’acfion. These are discussed in Section 3.0
of this appendix. The operator should become familiar with the "Over-

cooling Diagnnosis Chart", in Part II, "Diagnosis and Mitigation".
g g

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

terminated by the operator.

DATE: 3-2-81 _ ‘ Appendix E, Page E-3
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2.0 OPERATOR ACTIONS SUMMARY

Immediate Actions

Start HPI if pressurizer level is less than 80" and RCS pressure

is decreasing.

- 1f the leaking generator is: o‘z 1£ shoula be isolated; but if
it is not obvious the n%‘“ep w111 help identify it.

- Stop all feedwater t‘agoth SG's; watéH iéve1s; the generator with
the fastest level decrease is leaking; isolate it and restart
feedwater to the generator(s) which repressurize.

- Close TBV's.

Follow remainder of Part I, Section III.C.

ldentifying Symptoms

Small steam leak is an overcooling transient as shown below:

2600
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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¥ (steamﬁressure will be lower than the

[ ]
960 psig steam pressux".&mit)

(]
- Near normal or W& levels 'w'ith,»feedwater addition

*NOTE: Excess MFW can cause va 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 1 will terminate
the transient and provide recovery to stable shutdown cpnditions.
The assumed transient will be the same shown in 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

ATE: ' .
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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. FSteam pressure in both steam generators
will decrease fairly quickly ( ~ 70 seconds) below the normal
post-trip pressure boundary\df,960“:ig. In step 12.0 of Section II
the operator should note that\p&rzary to seconda?y heat transfer is
° S _
excessive by observing¢\® than fﬁbtﬁil steam pressures and the
overcooling trehd indicated by Ty responée on the P-T curve. (Refer
to the P-T curve, Figure E-2.) The procedure directs the operator

to Section III.C.

Step 1.0 in IIIL.C requires. the operator to manually start 'HPI if

pressurizer level is below 80" and RCS pressure is decreasing. For

this transient pressurizer level will go below 80" within about 40
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 isélation 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, i.e., HPI is not
started manually at 80". Reactor building pressure and temperature
will be normal since the leak is through the TBS. valves; therefore

the operator will proceed to Sﬁep 5.0.

DATE:
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Steps 5.0, 5.2, 5.3, 5.4, 5.5, and 5.6 of III.C effectively isolate
the steam generators from most failures that would cause overcool-
ing. Step 5.2 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“:ase by isolating the leak. If
) °
the failure of the TBV's wa.s\gxh that it prevented manual closure
(unlikely), the operat&%’w&ld "r.eco.gnize the failure and realize the
cause for overcooling. Since the TBV's are failed open on both SG's
he would have to close both TBS isolation valves to isélate the
leak. If the operator can perform these actions within 90 secounds,
subcooling margin will not be lost, therefo.re the RC pumps will
remain on and MFW will be establishing the low level setpoiﬁt.
However, if subcooled margin is lost (as shown in Figure E-l), it

will be quickly regained once the steam leak is 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 is slowly reheating and will continue to reheat,
without operator actions, until steam pressure increases to the MSRV
setpoint. The actions he should take are given in the procedure and

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

DATE:

3-2-81 ' Appendix E, Page E-8




BWNP-20007 (6-76)

BABCOCK & WILCOX

NUCLEAR POWER GENERATION DIVISION

TECHNICAL DOCUMENT | 76-1123298-00

NUMBER

RCS temperature with ménual TBV control. If, however, closure of
the TBS isolation valves was required, he must correct the
problem with individual TBV control before reopening the iso-
lation valves. Sinée the HPI flow has increased the RCS in-

ventory, allowing th‘e“"-'RQS‘. i\reheat to the MSRV lift set-

tich higher pressurizer level and

.points would result 1\%
J A
possibly a full“f&surizer.‘;;':“-:4
- Throttle HPI when the subcooling margin is restored by using
one HPI pump (preferably the normal makeup pump) and one in-
P jection line (préferably the nofmal makeup nozzle with the
thermal sleeve). 1If the leak was isolated very rapidly and
subcooled margin wéé not lost the operator could have
throttled ﬁPI as soon as RCS pressure began to increase.
o » - When pressurizer level returns on-scaie low and is increasing
(and the RCS is 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:
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Turbine trip would ensure the leak is isolated from the good steam
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 d&'\{e would then return to stable

shutdown conditions by contr&?. DH removal with the good SG.

The procedure in Part I will result in isolation of the broken SG and
restoration of stable shutdown conditions, regardless of whether the
lgak is inside or outside the RB. For example, if we assume the ieak
is inside the RB, ‘then RB pressure and temperature would be increas-
ing. Step 2.0 of III.C will direct the operator to Step 4.0. The
operator will stop all feedwater t§ both SG's (4.0), close the TBV's
(4.1), and determine which SG is broken by observing SG levels and
pressures (4.2). He will then isolate that SG and allow i‘t to boil
dry and restart feedwater for DH removal with the good SG. FW should
be stopped by closing the control valves; the pumps should not be
stopped. Stopping feedwater is not dangerous as lohg as it is re-
started before bot‘h steam generators dry out. When the broken SG is
identified, then the motor-driven EFW pump for that SG, if in opera-
tion, may be stopped. If the leak was unisolable but outside of the -
RB, the operator ‘would go to Step 5.0 of III‘.C (RB pressure and temp-
erature normal) and would isolate the broken SG in much the same bmanner.
The primary‘differ'ence is that this seﬁtion of the procedure also ad-

dresses the possibility of excessive feedwater as the cause of overcooling.
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1f the steam leak is insiae contaiﬁment, it is likely an ES trip on
high RB pressure (4 psig) will occur. The trip will cause isolation
of LPSW for the RC pumps. A loss of LPSW for more than ten minutes
requires tripping of the RC pumps (refer to RCP control in Part II,
Section I.E, '"Best Methods fOr’EqQ{Pment Operationﬁ). It is desir-
. & e
able, for this transient, t:)“fé‘ntaln forced circulation of primary
coolant as long as th%k& is abovethe subcooled margin. There-
fore, following the ES trip on RB pressure (within ten minutes), the
operator should take manual control and restore LPSW flow. If, for

some reason, seal injection flow 1is lost along with LPSW, the

‘i

operator must restore seal injection or LPSW within sixty seconds or

~trip the RC pumps.

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'.
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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 E&h -assumes a reactor trip does
occur. All the data that 's.wwn starts from the time of reactor
trip. The failures are %:wn to occur when a compoﬁent has to oper-
ate (for example, after a reactor trip the ICS shown automatically

run back MFW; the failure shown is that MFW does not run back).

It must be remembered that all steam leaks will not look exactly like
the examples used. The primary purpose of these examples is to pro-
mote operator familiarity with the symptoms and effects of steam

leaks.

Branch Discussion

Figure E-4 has separate failure branches for loss of reactor inven-

tory control (high and 1low), loss of secondary inventory control

‘(high and low), and loss of secondary pressure control. (Minor fail-

ures, such as loss 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, "Overcooling‘ Diagnosis
Chart", in Part II, Section I.C, "Diagnosis and Mitigation". The

operator should become familiar with this chart.
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Figﬁre E-3 1is provided to show key disAtinguishing parameters for
small steam leaks that have a t:imé dependency important to the opera-
tor in identifying both the type and severity of transient. The para-
meter plots show typical responses to a steam leak equivalent to 25%
full flow with automatic H?'I L:actﬁtion. Arrows, where used, show
the effect of other failurs\;&‘di}w?fv operator actions on.the time

relationship. Q’

Loss of Reactor Inventory Control (High)

A loss of reactor inventory control (high) exists whenever makeup or
HPI flows are excessive causing the pressurizer Ato,fill and overpres-—
surizing the RCS for the existing plant conditions. Steam leaks in
the range of approximately 25%Z of full flow, even assuming maximum
decay heat, will cause overcooling and RCS contraction rates g&reater
than the full capacity of the HPI system. Ther_efore, 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 Figﬁre 16 in Part
II, "Diagnosis and Mitigation", to see the expected response to a
larger steam leak). However, for smaller steam leaks and when the
overcooling has been terminated, full HPI. flow will overwhelm the
coolant shrinkage ‘and result in a rapid increase in preésurizer
level and RCS pressure. Rapid operator responsbe may Be required to

prevent a solid pressurizer and RCS overpressurization.
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The operator actions required to restore proper RCS inventory/ and
pressure control are identical to those discussed in Appendix A under
"Loss of Reactor Inventory Control (High)". To accomplish this ob-

jective, the operator must be able to control TBV's to limit reheat-

e\
&Y

Loss of Reactor Inventory' .}rol (Low)

ing of the RCS.

A loss of reactor inventory control (low) exists whenever makeup or
HPI flow is insufficent 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 little makeup or HPI flow is not a major
concern for this particular transient. If the overcooling is termi-
nated before the pressurizer empties, the RCS will reheat and the
resultant swell will restore pressurizer level. If the overcooling

continues, ES will actuate and HPI will automatically initiate.

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

mary system imventory 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 response on the
P-T curv'e is very similar to that of a small steam léak. Excessive
main feedwater can be distinguished from small steam leaks by high
MFW flowrvates and high SG levels. Large feedwater mismatches can
cause more severe effects on the RCS\than small steam leaks and must

K oW
be corrected much faster. A %&‘lféd discussion of excessive main
o ot e, R

feedwater is contained inw&ldix A T

Excessive main fe.edwater was defined 1in Appendix A as basicall};
supplying more feedwater than could be boiled off to make superheated
'steam. The definition for excessive emergency feedwater (or exces-
siv;e MFW after reactor trip) must differ slightly in that 1) the

steam generator is at saturation conditions and 2) more importantly,

iz

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 primary system.

In addition, excessive emergency feedwater can cause depressurization
of the affectéd 8G 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).
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Should the EFW or MFW flow be excessive, the operator should recog-
nize the overcooling as well as high FW flow. Following the actions
in Part I, Section III.C for excessive primary to vseconda»try heat
transfer will terminate the excessive FW. Step 5.0 of III.C

requires the operator to close th&EFW regulating valves and steps
[

5.3 and 5.4 isolate MFW, .\:
Q.% -
Figure E-3 shows the impact of small steam leak overcooling compound-
ed by overcooling due to excessive feedwater. ‘The curves for RCS
pressure and pressuizer level will shift to the left, i.e., pressure
reduction and drainage of the pressurizer will occur faster. Exces-
sive EFW (and excessive MFW through the upper nozzles) 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 pressur'e control ! ists wheneverv one or both steam
generators undergo a pressur.ewe uction significantly below the TBS
reseat setpoint. It i%a.n overcooling transient and, since a small
steam leak is a loss of steam pressure control,b it will look similar
(on the P-T curve) 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 Operation”, in Part II.

% Section 2.0 of this appendix already covered loss of steam pressure

control due to steam leaks alone.
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- OVERCOOLING TRANSIENT AS SHOWN BELOW
- KEY DISTINGUISHING PARAMETERS:

- HIGHER PRIMARY AT THAN EXPECTED
- DECREASING S& LEVEL/PRESSURE WITHOUT FEEDWATER
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IMITS [MPORTANT TO THIS EVENT

- STOP QVERCODLING BEFORE PRESSURIZER DRAINS

- STOP W TO AFFECTED SG IF LEAX CAN'T BE 1SOLATZD

- AFTER DYERCODLING STOPPED. PREVENT SOLI0 PRESSURIZER BY THROTTLING HPY L LOWERING

LOSS OF SECONDARY INVENTORY CONTROL (HIGH)

LOSS OF SECONDARY INVENTORY CONTROL (HIGH)

1

11
EVENT RECOGNITION SYMPTOMS
- TH{S OVERCOOLING TRANSIENT WILL LOOK SIMILAR TO SMALL STEAM LEAK
- KEY DISTINGU{SHING PARAMETERS;

OPERATI
ISOLATI
OR EF¥

P
OR CONIRDL‘S L1

ES EXCESS KFY
i

- HIGH MF¥ OR EFW FLOW RATE
- WIGH LEVEL N ONE OR BOTH SE's

YES

I W

REFER TO .

+ ATOG PART 1, SECTION 111.C FOR PROCEDURE

- ATOG PART [1, "OIAGNOSIS AND NITIGATION" AND APPENOIX A “EXCESSIVE FEEOWATER" FOR
DISCUSSION

CORRECTIVE ACTIONS

- IF NEW FAILS TO RUN BACK, TRIP RUNNING MF¥ PUNPS

. PROPER CONTROL OF EFW WILL PREVENT OVERCOOLING DUE T0 EFW; HONEVER, IF EFW IS
EXCESSIVE DUE T0 EQUIPNENT FAILUBES. PERFORM THE FOLLOWING ACTIONS:

- START WPI |F PRESSURI ZER LEVEL < 80" AND RCS PRESSURE DECREASING

- ISOLATE EFN. AND TBS VALVES TO BOTH S6s.

- IF EITHER SG LEVEL/PRESSURE DECREASING, ESTABLISH EFW TO GODO GENERATOR ONLY AND
ALLOW AFFECTED $6 TO BOIL DRY

~ IF LEVEL/PRESSURE STABLE IN BOTH SG's, ESTABLYSH EFW 70 BOTH

LINITS INPORTANT TO THIS EVENT
- STOP EXCESSIYE FEEOWATER BEFORE WATER ENTERS STEAM LINES
- STOP OVERCOOLING BEFORE PRESSURIZER DRAINS AND RCS REACHES SATURATION
- AFTER OVERCOOLING TERMINATED PREVENT SOLID PRESSURIZER 8Y:
- THROTTLING HP1 (ABOVE SUBCOOLED WARGIN)
. LOWERING TBS SETPOINTS TO LIMIT RCS REHEAT AND SWEEL®

A 'IF LEAKING SG IS 0BVIOUS (NUCH
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REFER t g
ATOG PART I, SECTION [11. A FOR PROCEOURE; PART 11 "DIAGNDSIS AND WITIGATION" FOR QGPERATOR TRIPS RCP'S
DYSCUSSION AND VERIFIES OR

REESTABL ISHES MFW FLOW
T0 "GOOD" SG THROUGH
UPPER NOZILE. MFW
FLOW CONTROLLED,

- [ s

NOTE 3
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Lo

4
OPERATOR 1SOLATES
REMAINDER OF STEAM
EXTRACTION LINES ON
AFFECTED SG AND STOPS
STEAN LEAK

Yes |

STABLE
PLANT

]

CORRECTIVE ACTION

“YES" PATH DENOTES LEAK IS
ISOLATED FROM BOTH SG'S.

“NO" PATH DENDTES ONE SG IS STILL

INDICATED

LEAKING, LIMITS IMPORTANT TO THIS EVENT
- PREVENT SOLID PRESSURIZER BY:
- THROTTLING HP1 WHEN ABOVE SUBCOOL MARGIN
- LIMIT RCS REREAT AND SWELL BY LONER[NG T8S SETPOINTS
- PREVENT VIOLATION GF NOT LINITS

IF UNCLEAR, OPERATOR WILL NANUALLY s ®
CLOSE T8V'S ON BOTH SG'S, | SOLATE OPERATOR CHECKS
T S BT S 1o AT EVENT RECOGNITION SYNPTONS DPERATOR CHECKS o
STEAN EXTRACTION LINES CONMON 10 - INCREASING PRESSURIZER LEVEL AND RCS PRESSURE EVEN WiTH CONTINUED COOLING CONTROLS HP 1 BEFORE
BTN SE's. (EFIPT STEMR SUPPLT . ONCE COOLDOWN TERMINATED INCREASE IN LEVEL AND PRESSURE WILL BECOME RAPID PRESSURIZER GOES
AND AUXILIARY STEAK SUPPLY). W :
¥ILL THEN NONITOR S LEVELS AND HIGH HPL FLON RATE
PRESSURES TO DETERMINE IF ONE SG
1S STILL LEAKING. ves | w
REFER T0
- ATOG PART 1}, "BEST WETHOOS FOR EQUIPNENT GPERATION®. HPI CONTROL

- THROTTLE HPI AS SOON AS SUBCOOLED MARGIN REGAINED
- STOP HPI AND RETURN TO NORNAL MAKEUP WHEN SUBCOOLED MARGIN REGAINED ANO A PRESSURIZER LEVEL IS

I

SECONDARY :

INYENTORY |
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REFER TO ATOG PART 11,
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“EXCESSIVE FEEDWATER"
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s |

NO

GPERATOR MUST ACT TD REGAIN CONTROL OF
RCS INVENTORY OR PORV OR SAFETIES WILL
CONTINUE TO RELEASE WATER TO THE

QUENCHK TANK WHICH WILL FAIL.

F¥ TO AFFECTED SG MUST BE 1SOLATED.
CONTINUED COOLING AND REFILL BY HPI.
REPRESSURIZATION BY HP) WILL EVENTUALLY RESULT IN YIOLATION OF NDT LIMITS

IF RCS HAD REACHED SATURATION, SUBCOOLING MARGIN WilL BE RESTORED BY
AS SHOWN BELOW, CONTINUATION OF EFW FLOW T) AFFECTED SG& WITH

LocA
B0 TO ATOG PART |
SECTION 111.4

REFER TO ATOG PART (1
APPENDIX F, "“LOCA,"
AND "DIAGNOSIS AND
MITIGATION"

OHR REMOVED BY
6000 SG

NOTE 2
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Figure E-4 SMALL STEAM LEAK LOGIC DIAGRAM

NOTES:

3.

IF SMALL STEAM LEAKAGE PATH IS THROUGH TBS VALVES

PLANT MAY QPERATE WITH PONER MISMATCH INDEFINITELY
WHILE SOURCE OF LEAKAGE IS BEING LOCATED AND CORRECTED.
IF LEAKAGE PATH IS OTHER THAN TSS BUT OUTSIDE OF RB,

A GRADUAL DECREASE IN SECONDARY WATER INVENTORY

WILL OCCUR. IF LEAKAGE PATH IS INSIDE RB, CONTAINMENT
TEMPERATURE AND PRESSURE WILL INCREASE, THE ESAS 4 PSIG
TRIP SETPOINT CAN BE REACHED IN ~ 20 SECONDS FOR A 25%
MISMATCH.

AT THESE POINTS “STABLE PLANT" DENOTES FACT THAT OVERCOOLING

DUE TO SMALL STEAM LEAK HAS BEEN TERMINATED AND PROPER

VPRIMARY TO SECONDARY HEAT TRANSFER HAS BEEN ESTABLISHED

USING GOOD SG. HOWEVER, THE OPERATOR STILL NEEDS TO RE-ESTABLISH

NORMAL PRIMARY SYSTEM INVENTORY CONTROL BY:

- THROTTLING HPI WHEN SUBCOOLED MARGIN RESTORED

- REDUCING TBS SETPOINT TO LIMIT RCS REHEAT AND SWELL (ONLY ON
GOOD SG IF ONE SG IS BROKEN)

TERMINATE HPI AND RE-ALIGN FOR NORMAL MAKEUP/LETDOWN
OPERATION WHEN RCS IS ABOVE SUBCOOLED MARGIN AND PRESSURIZER
LEVEL IS ON-SCALE LOW AND INCREASING,

- THROTTLE FW FLOW TO OBTAIN A GRADUAL SG LEVEL INCREASE
TO THE APPROPRIATE LEVEL SETPOINT

IF IN NATURAL CIRCULATION, THE OPERATOR SHOWLD RESTART
AN RCP WHEN SUBCOOLED MARGIN IS RESTORED

HPI COOLING IS NOT A STABLE END POINT. THE OPERATOR WILL PERFORM
THE FOLLOWING ACTIONS TO STABILIZE THE PLANT:

- WHILE CN HPT COOLING MONITOR INCORE THERMOCOUPLES TO PREVENT
THERMAL  SHOCK

RE-ESTABLISH FW TO AT LEAST ONE SG.
THROTTLE HPI WHEN SUBCOOLED MARGIN RESTORED

USE PRESSURIZER HEATERS TO DRAW A BUBBLE AND RESTORE
RCS PRESSURE CONTROL

ISOLATE PORV AND CONTINUE NORMAL PLANT CODLDOWN

"STABLE PLANT" DENOTES FACT THAT OVERCOOLING DUE TO SMALL STEAM LEAK HAS
BEEN TERMINATEDC. HOWEVER, FW AND TBV'S ARE ISOLATED ON ONE SG AND
MAYBE BOTH. THE OPERATOR STILL NEEOS TO RE-ESTABLISH NORMAL PRIMARY TO
SECONDARY HEAT TRANSFER BY:
- RE-ESTABLISH NORMAL MFW FLON THROUGH MFW NOZZLES ON BOTH SG'S (EFW
IF MFW NOT AVAILABLE)

- USE MANUAL TBY CONTROL TO LIMIT HEATUR RATE OF RCS.
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APPENDIX F

LOSS OF COOLANT ACCIDENTS

Introduction

A loss of coolan£ accident (LOCA) :§§; defined as any event during
which reactor coolant escapes Qg?:t lgss of integrity of the primary
coolant system. A LOCA csarb cur at any time (power operation, cool-
down, heatup, cold shutdown) and can be either an initiating event or
a result of anmother accident. Usually LOCA's release reactor coolant
to the contaminant environment; however, there are some LOCA's which
can release.reactor coolant to the secondary plant (steam generator
tube leaks) or to the auxiliary building (leaks in the MU, letdown,

or decay heat removal systems).

LOCA's directly affect one of the five - fundamental principles 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 is not replaced,
core cooling will be lost and fﬁel damage may occur. The Emergency
CoreFCooling Systems (ECCS) comsisting of the High Pressure Injection
(HPI), low Pressure Injection (LPI), and Core Flooding Tanks are uéed
to supply emergency core cooling water to prevenﬁ fuel damage. The
main feedwater or emergency féedwater 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’ céblanﬁs lost from the primary system
depends on the break size .Q{o gh which the reactor coolant can
pass. LOCA's can ran%. TOom smail leak rates (leaking pressuri=-
zer trelief or safety valves, leaking RC pump seals, cracks or
breaks in instrumentation lines connected to the primary system)
to'z ‘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 drép line).

B. Abnormal system conditions are a natural consequence of the

H event :
.When' reactor coolant. i.s lost at a rate greater than it is re-
placed, pressurizer level willl be lost, the reactor. coolant ‘will
become saturated, a loss of normal natural circulation (assuming
the RCP's are tripped) is inévitable and reflux boiling may be
the only means' by which the steam generators can femove energy
from the reactor coolant. For many LOCA's these conditions.;are
tempbrary and can be prevented by operator isolation. For a LOCA
which cannot be isolated, the evolution of the transieﬁt bto

abnommal conditions is unavoidable.

DATE P 3-2-81 , _ Appendix F, Page F-2
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C. Steam|generator heat removal may be degraded:

The transport of core heat to the steam generators may be severly
reduced depending upon the size of the LOCA. Steam generator
heat |removal 1is needed for some small breaks, even though the

break itself also removeg?energ‘\from the primary system and uses

: ®
the reactor building as_ ;‘sghg sink. If the break is large
enough the steam geﬂafgkgr is notxgégded as a heat sink. In some
large| breaks the RCS deéressurizes below steam pressure, and the
steam| generator can even be a heat source if the temperature of
the secondary inventory 1is higher than that of the reactor

coolant.

D. Maintenance of hot shutdown is not a safe end condition in most .

cases:
Some LOCA's can be isolated and the loss of reactor céolant_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. Deéressurization 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 available from the other units).
Depressurization is required for the tube leaks to limit the
offsite doses and to avoid emptfing the BWST (tube leakage is not

returned to the sump and recirculation is not possible).

DATE:  3-2-81 ‘ , | Appendix F, Page F-3
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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 re-

actor building will increas'e,qg‘&use of emergency building cool-
ing systems may be nec A' In addition to maintenaﬁce of core
cooling, the operato .ust also control the reactor building en-
vironment to prevent or limit offsite radiation releases. Con-
trol 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 fhe 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 re-
sponse 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 equ.ipment are best used, and also

outline control limits which apply to plant recovery.
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TS

Loss of coo

1. Large B

2. Small B

lant accidents are classified in three categories:

reak

reak

,t""

3. Small Leak .&.\

These categ

ent. Each

Large Break

ories are used t:%&x% ti’xe‘i Eésponse of the RCS is differ-

category will & discussed sep;i‘ately.

o

~]

A large bre

ak is a major failure of the primary system pressure bound-

ary which d.epressurizeS'the reactor coolant system rapidly and almost

completely.

This is a designer's event that establishes the size of

the core flood tanks, the size of the LPI flow rate and the size of

the containment cooling systems (sprays and coolers). A large break

LOCA has never occurred at a commercial nuclear 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 system and

DATE:
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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 ‘a11 regions of
the pfimary system. The Ractor coolant will saturate and
change to steam du:a_ %o vvsys.tem depressurization and core

heat removal. %’

Blowdown ends when the primary system and the containment
pressures are the same; the loss of reactor coolant stops.
from starﬁ 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 réactor'coolant system will

contain very little water and will be mostly steam.

During 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
vsiﬁk because the temperature §f the reactor coolant will .
be less than the secondary feedwater temperature. The
steam generators remove heat only as long as> the primary
temperature 1is above the secondary tanperature.. Steam
pressure will hang up initially and then slowly decrease
as energy from the.secondary is slowly transferred to the

primary system.

DATE : 3-2-81 Appendix F, Page F-6
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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 recova\the core with water.

X
AQS
During bl T& the HPT and LPI systems are actuated,
and the core flood ‘tanksy dlschargg 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, aﬁd the coolir;g water that does enter the
primary system 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
containment pressure (4 and 10 psig) and water will
accumulate in the rea.ctor 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 fo a large break.

Refill: At the end of blowdown the primary system is at a low pressure,
aﬁd little or no water is. left %ﬁ\}t (see end éondition in Figure
F-1). However, the CFT's‘\{h LPI and the HPI will be adding
water to the system.‘th vemergéné§ injection water entering the
system accumulates and begins to refill the reactor vessel.  Re-
fill is defined as the time required to refill the reactor vessel
lower head up to bottom of the fuel (see end of refill in Figure
F—l).b This is a short time (10-12 seconds) and for smaller
bfeaks ; refill pegiod may noﬁ 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 en-
ters the core. When the core is uncovered the hot zircaloy clad
chemically reacts with the oxygen of the steam to give zirc oxide
énd release hydrogen. Hydrogen may accumulate in the lobp or it

may be vented through the break to the containment.

Reflood: The last phase of a large break is called reflood. During re-

flood, water from the ECCS refloods the RV up to the elevation of

DATE: 3-2-81
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the 1n1et nozzles and refllls the system up to the elevatlon of "
. -the break Thlsv is a~.s10w_process because a_ lot of 'theemergency
‘cooling »Wate_r is boiled .off as it enters the core since decay

 heat levels are still h‘igh_7 :

. Within 5 to’ 10 minutes th\t&e w111 be recovered with water and
_the fuel clad tempe &s reduced to w1th1n a few degrees of the
' saturation‘ temperature (the core exit thermo‘couples should show
approxlmately saturated condltlons) Core cooiing thereafter is
malntalned by contlnuously add1ng 1n_]ect10n water vfrom the‘ low
‘pressure 1n=_1ectv1‘on system so that the c_ore»_remarns covered by '
water. The .C_fT; .wiAlnl ~empty, and the HPI system'can vbe secured
(_see‘ Guide‘li.nesv for _'HPI' termination. in “"Best Methods for Equip-

' ‘ment Operation").

.Flgure F—l shows the reflood phase Two examples are give’n:, one
.Ifor a 1arge break at a hlgh locat1on m the system and ‘one for a

" large break .‘1ow in the system-.

A' During the reflood phase, additional steam is created by:
a) b0111ng of emergency 1nJect10n water in the core,
’ ib‘)_t b0111ng of emergency 1n_]ect10n water due to heat from the hot

" ,me_tal components, .and

©ODATE: - 3o9igr | T o 7 . | Appendix F, Page F-9
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c) boiling of emergency injection due to heat transferred from
the secondary side of the steam generators (this is a source
of additional steam only if primary side water re-enters the
tube region of the steam generators).

A
- 3 . . ) . .

This steam 1s vented t,“e break to the reactor building. The

®

reactor building g§>ssure 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 and the reactor building pressure and tempera-
ture 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 dia-
gram) of the RCS during large hot and cold 1eg 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 contain-
ment 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 mayvbe 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 accide t:$§ long as the ECCS is operating.

For small breaks the o;;exﬁg‘?an play a vital role in minimizing
. .

the consequences of the‘Q>c1dent;

As a rule of thumB, small breaks are between small leaks and large

breaks:
Small Leak Large Break
Breaks for which the ' ' " (Area approximately
leak rate 1is 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 attached to tﬁe 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
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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 charécfﬁfized by a slow depressurization
relative to large breaks. E‘?ﬁ qqditions in thé RCS change gradu-
ally  and smoothly, an&§>£ perature' and pressure éradients .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 pefiod 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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state. For "larger" small breaks, the circulation flow phase will
end almost immediately after the RC pumps are tripped. For all
small breaks, core cooling is maintained during the '"low circula-
tion" phése.

| N
After the "flow circulation".“.r%ion of a small break, the reactor
coolant "settles out".‘afhe 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

{2

level will exist that will vary depending on:

*y

e Break Size

e Break Location

e Primary to Secondary Heat Transfer (steam generator
cooling)

e Number HPI/LPI Pumps Operating

e 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 speéific examples

will be considered:

1. Small breaks large enough to depressurize the RCS

2. Small breaks which stabilize at 4 roximately secondéry side
‘pressure .\.'

3. Small breaks which ma&-.epressurize in a saturated condition

4. Small breaks without primary to sécondary 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 continually 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 brgaks 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. Thereafter the water levels
within the system will decrease until emergency cooling water flow-

rate exceeds the rate of water boiloff in the core. The net amount

DATE :

3-2-81 Appendix F, Page F-18




BWNP-20007 (6-76)

BABCOCK & WILCOX | NUmBER

NUCLEAR POWER GENERATION DIVISION

TECHNICAL DOCUMENT - | 76-1123298-00

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 gx‘&ples of the system P-T response up
to the time where the%o& system water 'levels occur. These
figures show that _thgse breaks depend upon the HPI and CFT's to
maintain adequate water in the system to keep the core covered. When
the system finally depressurizes, LPI increses 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). These smaller breaks
cannot remove energy from the primar . stem fast enough to allow a con-
tinuous RCS depressuriaztion. Fo.].“.w%ng.the "flow circulation" portion of
the transient, the system ‘Qﬁl stabilize at or near the secondary side
pressure. For these breaks, the steam generators can move 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 called re-
flux boiling) and to reduce RC3 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 actionms,

The system response for small breaks within this size range is illustrated
in Figure F-6. As shown in Figure F-6, the '"flow circulation périod" is
short-lived, and the system stabilizes slightly above steam generator pres-—
sure. 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 further. Sinﬁe the generators are removing heat
from the RCS by condensing steam, another important opertor action will be
to begin a plant cooldown and depressurization by decreasing steam pres-
sure, The primary system will depressurize because more steam will be con-

densed. As system pressure is decreased the ECCS system will flow at a
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higher rate, and a re‘fill. vof the syétetﬁ becomes more likely. During the
refili, RCS pressure may stabilize or increase slightly (while still satu-
rated) as the RCS water level coveres the condens_ing surface in the s‘teani
generators. For this break size rar-xge, a refill and repressurization is
‘not likely until the RCS pressure has b‘n lowered to the LPI pressure.
Repressurization of the RCS when tl“&.‘ is in a saturated state will be

Y .
more likely for the next categ“y%f 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 thé RCS
and results in enough steam formation to interrupt loop circulation. When
the flow stops and the reactor coolant “settles out", the RCS may gradu-
ally repressurize. The repressuriga &g occurs because the break alone is
not large enough to depress%&.the RCS and the rector coolant steam in
the hot leg cannot be condensed because the reactor coolant water level is
higher than the tubes. The primary system can repressurize as high as.the
pressurizer safey valve setpoint once enough RCS inven{:ory has been lost
and the reactor coolant water level drops below the upper feedw&ater injec-

tion level, reactor coolant steam will condense on the tube ‘and the

Figure F-6 1illustrates this repressurization behavior as it .would be
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 pressuri-
zer 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 above the PORV

pressure setpoint.

l reactor coolant pressure will drop to the steam generator pressure.
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Summary

The previous threé 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 import ng‘\factors in small break control.
When the reactor coolant syste &.ssure is high the leak flow will be
high and the HPI flowrate wiﬁts%e low. The steam generator is valuable be-
cause it condenses reactor coolant stéam 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 957 on the operate range.

Although deéay 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 heét. Pressure will fall quicker with lower decay heat. levels than
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
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 andvmort.a impo,rta.nt as the break
size gets smaller. This is due to the .inabil_it_y‘ of the break to remove
decay heat by release of reactor coolant. Without primary to secondary
"heat transfer, the RCS is more likely ;\repressurize or t;.o depressurize
_ more slowly. Figures F-8 to F-10 s&ﬂ&s.ysf:em responses for thrée differ-
ent break sizes. These breﬁ&es are ’abp;'ciximately the same as pre-

viously illustrated; those had steam generator cooling and these do not.

Figure F-8 shows the size where thg break is 1arg’e'enough to conﬁinually
decrease RQS. preséufé. For these breaks, which can depressurize the RCS
below the normal’ secondary side pressure, the loss of secondary imventory
_haé little or no effect on the ﬁransient. 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 afe actuated;. and >the RC pumps are tripped when the
reactor coolant subcooled margin is lost. Préssurizer’ level also goes off-
scale low. When flow c‘irculatioh stops ;:1an the steam and water separate,
the RCS pressure hangs up. RC pressure would nomally drop to the second-
ary side préssure if »primary to secondary heat transfer were available. 1f
feedwater is restored and primary to secondary heat transfer established,

the RCS pressure would drop and reflux boiling 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 repressurize to the pressure setpoints
of the PORV or the pressurizer safety valves and for pressurizer level to
go off-scale high. For any bfeak siz<‘33¢hout secondary inventory, the
operator should actuate the HPI (%oh. already on) and open the PORV when
°
primary to secondary heat trageter is lost. The RC pumps should also be
tripped if the RC subcooled margin is lost. The RCS is being cooled by
"HPI LOCA Cooling". Figure F-10 shows a transient where no operator
actions are taken for the first 20 minutes. After 20 minutes;'Figure.F-lO
shows the effects of restoring feedwater and starting HPI. fhe 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 steém, rather than water, is released
(steam has a higher energy content per\pound than- water does). The big
change for pressurizer breaks v%:e response of pressurizer level.
Figure F-11 shows a P-T dwg and transient pressureband 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 pressufizer 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 pfessutiier subsequently fills and will remain full for the remaindgr
of the transient. In the long term, the pressurizer fnay 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 rexied on to measure reactor inventory until the
reactor coolant is subcooled. If the break in the pressurizer is fairly
;mall and can't be isolated, the HPI can refill the system and the pres-
surizer can be water solid and subcooled. This would not be the expected

response for a stuck open PORV since the PORV can be isolated. For these

cases, 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 1in this cétegory are leaking pressurizer safety or relief
valves, leaking RC pump seals or tiny c‘icks in the primary system piping

[ J

or attachments (instrument line.%’xTD hotwells, or auxiliary system
lines). This category woul“'&respond 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 1leaks 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 is
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 makeﬁp 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 aﬁd HPI will be star;ed. The blant can be cooled down in 3
near normal ‘manner unless a small leak in the preséurizer steam space
Qccufs. -If the steam release réte is greater than the steam production
capacity of the pressurizer heaters, tﬁe pressurizer will fill and a solid
water cooldown will be nécess‘ary if the{eak is unisolable.

<
S

3.0 POST LOCA - PLANT CONTR@R e
A\

The primary objectives during a LOCA are to maintain core cooling, to

cooldown and depressurize, and to establish a stable long-term
cooling mode. Maintenance of cbre cooling is the first priority and
is achiéved, through operation of the ECCS. Maintenance of cOfé'
cooling will limit'fuel damage and thereby limit radiation release.
With eSsenti#lly no actions other than verifying the  rods fully
inserted following a reactor trip and tripping the reaétor coolant
pumps on loss of subcooling, the core can be cooléd'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,
thebbperator must make sure that containment cooling is working and
that long-term cooling must be‘established.1'Thé general things to be

done after a LOCA are:

Core Cooling’

1. Actuate HPI on loss of subcooled margin (if not automatically

actuated).

DATE : 3-2-81 ] : o Anpendix F, Page F-36




" BWNP-20007 (6-76)

BABCOCK & WILCOX

NUCLEAR POWER GENERATION DIVISION

TECHNICAL: DUCUMENT | _76-1123298-00

NUMBER _

2. .Trip RC -pumps on loss of subcooled margin.

3. Verify automatic starf 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 .reKase when RC pressure drops below

entering RCS. Q. S e

) @ ‘
600 psig. TIsolate CFT'S\&&,I_' discharge to prevent Ny from

6. Locate and if possible isolate the break (check for steém genera-
or tube leaks and leaks inside or outside containment).

7. Control steam pressure and raise steam generator level to 95% on
the operate range 'if the reactor coolant subcooled margin is lost
(except fof the "ﬁad" generator for tube ruptures) for small
breaks. If a large LOCA has occurred, is’olate and let both

generators dry out.

Containment Control

8. Verify that confainment 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 tt.\sump for injectionm.

11. Turn off contaimment sprax" en contaimment pressure reaches 4
psig and is decreasin%. eep containment coolers running.

12. For large breaks in the sump recirculatzion mode, stop one LPI
train and leave one running so long as the core exit thermo-
couples indicate the core is cooled. This will preserve one pump
in case it is needed later. Coptinue to monitor LPI flow.

13_.~ Start hydrogen purge system when contaimment hydrogen samples
show a 3.5% concentration: |

z 14. Take actions to prevent boron preéipitation.

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 accident.

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 higfl~ 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 all the BWST water is
lost out oflthe leak and cannot be recirculated from the sump; the plant
must be placed on the decay heat removal system before the BWST draims.
O

In the following sectAions, the ger:‘& approach to accident mitigation
(core cool.ing) and establishmﬁ'& long-temn cooling using the Abnommal
Transient Opérating Guidelines will be outlined for loss-of-coolant acci-
dents. The full spectrum of LOCA'é will be ._addres?sed with the exception
éf' the very small breaks or leaks which would typicélly never result in
loss of react‘or. 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 transient 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 actions to cool down the plant and to establi.sh
vlong—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 will be discussed.

N
o\_.& o
. Q.
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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 Accident Mitigation é&:er. For LOCA's, some of the re-
. . . . e
quired actions are of special s g‘lcance:
Y .
1. Verification that E%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 pressure containment conditions, and isolates non‘-vital con-
taimment 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. TIf the RC pumps
are tripped on loss of reactor coolant subcooling margin, enough re'actor.
coolant will be retained within the primary system (not lost ou£ 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 sy_stems) and

tripping the RC pumps, the operator ensures:
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I. - 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 y :“

During and immediately following th’:&g’ﬁne’digéé A‘aections, the P-T and other
parameters should be monitored‘@ﬁ etermine ifvﬁﬁévébnormal transient is a
LOCA and not.soﬁe other accident. Many ovefcooling ac;idénts will iook
ligg‘small breaks, and all small break LOCA's will not look the same. In
g;;2~cases, a LOCA can only be determined by éhowing that some oﬁher acci=~
dent is not underway. Usually the accidents that can be’ eliminatéﬁ'

readily are overcooling accidents; these can often be eliminated by review-

ing 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 transienfs. "LOCA's do have some unique character-
isticé; 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 conditionms with little
or no change of reactor coolant temperature (characteristic of

all but the very smallest bremdsl
®

[ J
e Sustained saturation (&f&es not return the reactor to a sub-

cooled state within‘§>10 minutes after actuation)

e Containment radiation (only for breaks in containment)
NOTE: A steam or feed line leak inside contaimment 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 1éak outside the containment)

NOTE: LOCA'S CAN BE DIFFICULT.TO DETECT, ESPECIALLY IF THE
BREAKS ARE SMALL. THEY CAN OCCUR INSIDE THE CONTAINMENT
OR OUTSIDE. STEAM GENERATOR TUBE LEAKS ARE LOCA'-S. 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 1in
progress. Table F-3 scopes the characteristics of a wide range of LOCA
break sizes and sumarizes the other evidence to be used tvo diagnose that
a LOCA is occurring. Table F-3 incvlm.‘s’o&t‘q the pressure-temperature re-
o\ : :
sponse characteristics and othewh or plant symptoms for the complete
: . ot
spectrum of LOCA's. Some &JA'S can be isolated. ,Tab.le F-4 gives
symptoms for LOCA's that can .be located and isolated. (This is Table 4b

from the "Abnormal Transient Diagnosis and Mitigation" chapter repeated

here for convenient reference.)

vSome LOCA's . (such as large breaks.‘) have such distinctive characteristics
that a .quick d.iagnosis is assured. For small'vLOCA's the event may not be
properly  diagnosed for some time ipto the event, but core -cooling is
assured so long as the ECCS systems are flowing fully and the Ré 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 - Introduction

As outlined in the Accident 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 r&ary—to—secondary heat transfer,
an RCS cooldown and depressurizat'og‘txst be started. The plant is not in
a safe condition until it is &.ressurized and the ECCS systems are align-
ed for long-term cooling (unless the break is 1isolated). For large
breaks, the plant will depressurize quickly and only actioms 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 Tranmsfer (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 tramsport of core heat
to the steam generators. The following sectioms will show how to control
the RCS for LOCA, control contaimment cooling and ensure isolation, and

establish long-term coo ling.
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Corrective Actions for LOCA's - Loss of Subcooling Margin

Figure F-12 outlines the symptoms of and géneral aqtio'ns for 'a lack of sub-
cooling margin for a LOCA. Tripping the RC Pumps is a preventive action
for small bréaks as discussed previously, and manual HPI actuation serves
as a béckup to the normal start f,'eat:urxprovided by the ‘ES. Verification
of the HPI flows is a general 'aé;.%c:t&;o be taken following HPI actuation
at any time, and is requirec“t&nsu?e’}: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 sma_llv LOCA
when the pumps are tripped because it aids reflux boiling (boiling fn the
vessel and condensing. in the steam génerator) for decay heat removal and
c.'an help to establish natural circula.t.ion. When raising the water level
in the steam generators, full feedwater flow_is not required. FW should
be throttled and the water 1level raised in a continuous and controlled
manner as described in the Best Methods chapter;l The last action, which
is to attempt té' locate and isolate the break, should be taken whenever a
LOCA 1is suspected, Typic‘ally, the PORV ,.and‘ block valve - should be
routinely closed under thése con.ditionévas a precautionary measure; In
addition, Table.F—a also éutlines symptoms of other specific LOCA's which
.can be located and shows how they c'an be isolated. By performing the four
actions given in Figure F-12, core cooiing is assured for the full spec~
trum of small breaks. If vt':he reactvor coolant returns to a sx;xbcooled 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 immeclﬁte cooldown ofA the system to
establish a stable long-temm coo irM&e should be started. TIf lack of
primary to secondary heat tra&’er (overheating) exists, these conditions

must be treated to restore use of the steam generators for plant cooldown.

Appendix F, Page F-30

DATE:  3_5_g




" BUNP-20007 (6-76)

BABCOCK & WILCOX

NUCLEAR POWER GENERATION DIVISION : : NUMBER

TECHNICAL DOCUMENT 76-1123298-00

Corrective Actions for LOCA's with Lack of Primary-to-Secondary

Heat Transfer

Figure F-13 outlines thé 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 over] e‘a\ing transients. The first type
(right-hand portion of Figure F-13 .i\.overheating due to a loss of second-
ary inventory (no feedwater), &. the corrective action is to use HPI cool-
ing (open PORV with two HPI pumps on) until feedwater 1is restored. The
second type is overheat.ing 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 prime_n‘y 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 thé 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
temperéture about 50F below hot leg temperature and bump an 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 est‘_ablish.natural circula-
tion. If the primary and secondary systems do not recouple after four
successiv.e pump buinp‘s_, steam temperature bsh0u1d be dropped until it is
100F below the”hot leg temperature and 'a RC pump should be started and run
contimiously. After these ac‘tions, ‘a ‘éoﬂo‘}h:_ éan be started to establish
a stable long~term cooling mode . E\%heRCpumps _ére not available, the
PORV can be opened (HP1 coolirk)y to minimize the RéS pres_éure increase and
to increase HPI flow when lack .of primary to secondary heat traﬁsfer

symptoms exist.
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Corrective Actions for LOCA's with Overcooling

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 aﬁd temperature will drop to ﬂdration and steam pressure can
also be low. Low steam pressure.w oth steam generators 1is poséible
(without equipment failures) .&ause LOCA's can block the primary to
secondary heat transfer process. This similarity between non-LOCA and
LOCA events will be short—livéd 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
secoqdary 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 réactoi 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 pl_ant at“l';qt squm (forced or natural circu-

lation). %.‘:&. y

2. Small break with HPI "on" &

a. Saturated coolant conditions with primary to secondary heat
transfer (RC pumps "on", restarted when treating lack of primary
to secvondary heat transfer, or "off"); or

b. '-‘Subcooled coblént conditions with primary to secondary heat trans-
fer (RC pumps "on" or "off"); or

¢. Saturated coolant conditions (RC 'pumpé "off") with no primary to
secondary heat transfer (HPI cooling). |

3. Large break with the primary system completely depressurized.

Cooldown and depressﬁrization from any of these conditions is possible
with or without steam generétor heat trans fér. Steam generator heat trans-
fer will permit a better cooldown and depressurization, but the plant can
be depressurized without it. Large breaks do not require depressuriza-
tio.n,‘ but long term cooling must be established. The following sect ion

will discuss cooldown from each of these conditions.
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Small Break Cooldown (With Primary to Secondary Heat Transfer)

a. Subcooled Cooldown

1f 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 SHQFld'be started {(see RC Pump re-
, ° S
start criteria) if the plant;‘§&in a subcooled natural circulation
condition on at least o%'&nerator. With RC Pumps running and the
reactor coolant subcooled, the steam generator water levels Ean also
be controlled at the normal lowllevel limits. If the LOCA ﬁas been
isolated, a pressurizer bubble can be drawn and cooldown can proceed
normally. 1If the LOCA is not isolated and not in the pressurizer, a
pressurizer bubble can be dfawn using the pressurizer heaters. The
“HPI injection system must be throttled to match the leak and to main-
tain the reactor coolant subcooled as the plant 1is cooled and

depressurized.

If the LOCA is in the pressurizer, a solid water cooldown is necessary
because RC pressure is controlled by the dischdrge pressure of the HPI
pumps. To maiﬁtain plant control, HPI flow must be reduced slowly to
reduce RCS pressure and coordinated with RCS vtemperature 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 ofl BWST should be monitored. If low BWST levels occur,

the LPI pumps must be aligned to take suction from the reactor build-

ing sump and the HPI-LPI systems aligned in the piggyback mode (HPI.

pumps take suction from disch"afge of‘he LPI pumps) so as to maintain

L]
continuous RCS inventory contrc‘.“XThe CFT's may also be isolated if

. [ 4
the plant is cooled down %&ubcooléd state.

Saturated Cooldown

For some small breaks, a plant cooldown with saturated reactor coolant
conditions will be necessary. “In this mode, the steam pressure con-

trols 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 région_. For satu-
rated cooldown, a high steam generator level is 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 pres-

sure is reduced, and (2). decay heat is slowly dropping. If the RC
Puﬁxps are off, the need to épply corrective action for loss of primary
to secondary heat transfer (see left side of.Figure F-13) may again be
ne;:essaryb. BWST level shoulid be monitored and, if it gets 1ow,' the
ECCS. should be realigned to drav from the sump to maintain co'ntinuous

HPI injection. If the RCS remains in a saturated condition, the CFT

DATE :

3-2-81 < A Appendix F, Page F-58




BWNP-20007 (6-76)

BABCOCK & WILCOX

NUCLEAR POWER GENERATION DIVISION

TECHNICAL DOCUMENT _ ~ 76-1123298-00

NUMBER

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 normé!PQStay heat removal system can be en-
gaged if the reactor coolant‘k{ ubcooled. 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 tﬁe
"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 Tranmsfer,

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 chapfer,

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.

'Shduid long~term reliance on HPI cooling be necessary, the operator's

primary responsibilities while the system is saturated are:

1.

2.

To open the PORV and leave it open.

To monitor the performance of thg HPI system and realign the HPI
' ®

in piggyback with LPI to dv‘rom the sump on recirculation if

®
the BWST runs out. %‘%

While saturated conditions and no primary to secondary heat transfer

exists, 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.

Repressurization to the PORV or pressurizer code éafety valve
setpoint followed by a slow depressurization as decay heat drops.
Either of the above followed by reestablishment of subcooled
conditions (soﬁe 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 témperature'drops.

Because there is little or no circulation within the RCS, the incqre‘therﬁ-

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.

i [
HPI cooling will eventually allov\é&ablishment of a long-term cooling
®

mode where the DHR System (%{'&1 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.

Containment Control for LOCA's

Depending on the size of the break; containment coolers (at 4 psig) or con-
tainment sprays (ét 10 psig) may be initiated. The only operator actions
needed are to monitor their performance to make sure they are working
properly.‘ Monitoring performance includes:
1. Ensure that contaimment pressure is kept below design.
2. Ensure that the cooling systems are operating
~ Sprays - Check sp;ay flow rate
- Coolers - Check flow rate and check cooler AP's
for leaks. 1If leaks occur, the 1eaking cooler
should be isolated to prevent dilution of the
sump.
3. Once containment preséure turns around and decreases to 4 psig, the

sprays can be shut off by bypassing the ES channel, stopping the

pumps, and closing the injection valves. Coolers should be kept
running.
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Containment isolation may also'be actuated (non-essential at low RC pres-

sure of 1500 psig, remainder at high RB pressure. of 4 psig). Two general

actions are desired:

1. All penetrations not necessary for cbre or containment cooling that
connect to the coﬁtainmént atmosphegi\or to the RCS should be checked
to make sure they are closed. :‘&., i

2. Contaimment isolation (aiQ?§%;ressure of b péig) will close off cool-
ing water to the RC Pumps. They should be tripped to prevent damage
(per the RC Pump tfip criteria in the Best Methods chapter) if cool-

ing water is not rapidly restored.

NOTE:- LOCA blowdown forces may have broken cooling water lines near the
RC Pumps; usually only a big LQCA_will have enougb‘force to do this
and the RC Pumps will not be needed later. But caution should be
given to reopening the lines; the component cooling water surge
tank level should be watched.when re-establishing flow to the RCP
cooling jacket and seal coolers. If the surge tank level déops
abruptly, the lines are leaking and must be reisolated to prevent
loss of cooling pump NPSH. No surge tank or flow indications are
available for LPSW to the RCP air-coolers and bearing coolers. How-
ever, a rupture of these lines may cause a large reduction in flow

through the RB coolers which can be monitored.

- Large break LOCA's will cool the RC system down fast and- draw heat from
the steam generators. ihe rapid heat removal'may cause enough steam pres-—.
‘sure loss to result in a trip of Fhe MFW pumpé and_subseqﬁent initiation
of EFW. For a large break the steam generators are not needed, but EFW

should be allowed to go to 50% automatically.
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Long Term Cool ing

Long-term cooling is defined as the time after a LOCA where the Deca.y Heat
Removal System, either in a normal or emergency mode (LP1), is operating
and can be used for core heét removal. The duration of long-term cooling
is the period between the onset of rg&erm and the end of core cooling
. [ ]
requirements by the ECC system%’mv end of core cooling requirements is
L ]
the time when the core 1is r&ved 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
.' vary from one month to a maximum of one year depending upon the resul;ing
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 actions.
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To Establish-Long—Term Cooling

To establish long-term cooling after a small break, the decay heat removél
system can be alignea with one train in the decay heat re@oval mode (522:
cooled only) and ﬁhe other train in the LPI mode (possibly with HPI piggy-
back from the sump'or from the BWST): If the system is saturated, recir;u—
.lation from the sump in' the LPI mod :S?§31hly with HPI piggyback)_estab-
lishes 1long-term cooling. .%.tablish ‘]Long:—term cooling for large

.breaks, the LPI system is placed in the recirculation mode from the sump.

Boron Precipitation

Within twenty~-four hours” after a LOCA, act ions should be ;akeﬁ to preclude
the possibility>of boron precipitation. If the RCS is subcooled and one
DHR tfainAié successfully operating in the nommal decay heat removal mode,
then no further actions are required to prevent Boron precipitatioﬁ. 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 1like a
distiller, boil off almost pure steam and leave impurities (mostly boron) 
to éohcentraté in tﬁe vessel. If enough Boron accumulates, core flow
blockage might occur. To limit the"borqn concentration, the following
steps should be taken:

1. Open the series dump-to-sump valve§ located upstream of the DHR drop-

line isolétién'valves. Verify flow through this dump line.

2. If Step 1 is not successful, open the DH drop line isolation valves

and the alternate sumﬁ flow path (LP-105 on Unit 1; backflow through

'B' train sump suction line for Units 2 & 3).
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NUMBERV

3. 1f 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 v‘sel

W

Preserving the LPI System for &\erm

or if a small break LOCA has occurred

1f a large 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 problemsb). One decay heat

pump can be removed from service safely if 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.

'Hydrogen Purge

Following a large break, hydrogen can accumulate within the containment.

The potential sources of hydrogen inside the containment are:

1. Radiolytic decomposition of water within the sump and reactor core
l‘ 2. Metal-water reaction of the fuel pin cladding
| 3. Dissolved hydrogen within the reactor coolant
. 4. Corrosion of aluminum
ll; DATE : - ' o )
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Because hydrogen can‘ build up, saﬁples of the containment atmosphere I
should be drawn and analyzed once the ECCKS has been aligned for long-temm I
coo.ling. If the hydrogen concentration exceeds 3.5%, the hydrogen purge
system should be manually sfarted. Under worst case coﬁditioné, operation I
of the hydr.ogen ‘purge system_should not .& required for more than 10 days
after the LOCA occurs This actlo % important, when required, because | . .
it prevents the accumulatlcﬁ% large concentration of explosive I
hlydfogen. ‘
1
I ‘
.
|
1
1
I
"I
1
1
|
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ACTIONS TO MAINTAIN CORE COOLING

1. ECCS Alignments
a. For saturated reactor coolant conditions

Table F-5 SUMMARY OF LONG-TERM
————— " COOLING ACTIONS

(RCS pressure < 150 psig):

e UYhen BWST reaches low level limit, transfer suction of LPI pumps to containment sump.

e If LPI flow in each train is > 1000 g
tained > 1000 gpm with one LPT pump,

@ If neither or only one LPI train flow

b. For subcooled reactor coolant conditions

om, HPI can be stopped. If LPI flow in each train can be main-
the other LPI pump can be stopped to preserve it for future use.

is > 1000 gpm, run two HPI pumps in the piggyback mode.
(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.

e 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 Loron 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 1ew§1, 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%.



Figure F-12 POST-LOCA CORRECTIVE ACTION FOR LACK
OF ADEQUATE SUBCOOLED MARGIN

1

EXP .
ECTED POST TRIP RESPONSE FOR LOCA WLTH LOSS OF SUBCOOLING LACK OF ADEGUATE EXPECTED POST LOCA P-T CONDITION WITH SUSTAINED SATURATION & PRIMARY TO SECONDARY HEAT
- SUBCOOLED MARGIN TRANSFER
2600 i
POST TRIP 2600 i
2400 [~ WINDOW
. POST TRIP
nnl 200 | ¥INDOW
bag
8 2000 2200 |-
. - o .
: SUBCOOLED 3
% a0 REGION SUPERHEAT L, o0t
£ B REG.ON *1. TRIP RC PUMPS ' = SUBCOOLED
: 2 1800} REGION SUPERHEAT
2 enof *2. CONFIRM 2-HPI ON AT MAX. K REGION
3 CAPACITY & BALANCE FLOWS - o
= 1600 |
RIS *3  CONFIRM FA FLOWING 3
P SWD POINT-POST TRIP WITH ROUG
k-1 ? PORCED CIRCULATION (Tyqy . TH UPFER NOZZLES AND E 1400 |-
S 1200} STEA PRESSURE G 1 corn) w0 FoR maTURAL RAISE LEVEL 70 95% @ . ENO POINT-PAST TRIP WiTH
L CrRcuLaion Ulggin) 4. ATTEMPT TO LOCATE AND g oot Thot 2 Z"‘iﬁ;:j'i:??;:°:.‘.;:‘zz
= - - 2
= [ HORMAL OPERATING POINT-PONER ISOLATE THE LOCA (SEE TABLE s STEAM PRESSURE CIRCULATION (Teg 0
5 N orrration ", 00) F-4) ’ = 1000 |- LMIT
e - N woT Il e e
T 800 A - NS GPERATING POINT-POWER
= SATURATION "7 £wD POIKI-POST TRIP WITH e 800 b % OPERATION (T, 00)
500 | . J' NATURAL CIRCULATION (Tyo ) 8 S
_ o SATURATION ™7 £%0 POINT-PDST TRIP WiTH
0 SUBCOOLED . 600 - L__J WATURAL CIRCULATION (Tyor)
— MARGIN LINE
SUBCOOLED
400 +
0 L 1 1 1 1 MARGIN LINE
400 450 500 950 600 650 100
Reacter Coolant and Steam Dutlet Temperature. F 0 L 1 L — _%
400 450 500 950 600 6% 100
Reactor Coolant ang Steam Outiet Temperature. F
|
! <
NOTE: 1. Tggp COULD BE EQUAL TO Tygy OR SLIGHTLY SUBCOOLED.
’ 2. SEE FIGURE F-6 FOR A TYPICAL LOCA EXAMPLE.
SUBCOOLED MARGIN?
’ : Yes | N0
THROTTLE HPI - - |
(SEE BEST METHODS FOR EQUIPMENT  Jreif-
OPERATION)
ABNORMAL SYMPTOMS?
HEAT TRA!
(OVERHEATING OR . - E NSFER
OVERCOOLING) IN BOTH SG?
| ves ves | Mo

T | T ]

GO TO PLANT COOLDOWN PROCEDURE FOR

SUBCOOLED CO'DITIWS 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 METHODS OF

EQUIPMENT OPERATION.
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TaBLE F-4 SYMPTOMS FOR LOCA’S THAT CAN BE LOCATED OR ISOLATED

THIS CHART WILL AID IN LOCATING SOME BREAKS; ALL BREAKS CANNOT BE LOCATED. SOME BREAKS WHICH CAN BE LOCATED CAN ALSO BE

ISOLATED AND THE LOCA CAN BE STOPPED.

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
WILL CHANGE BUILDING RADIATION LEVELS.

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)

FATLURE

Makeup and -
purification

system outside -
containment and

letdown coolers

Seal return =
line and seal

return cooler -
outside contain- -
ment

Pressurizer -
electromatic -
relief valve -

(

Makeup-letdown

imbalance (this is
not a break, but is -
a loss of coolant)

Decay heat removal -
line break outside

LOCATING SYMPTOMS

Low letdown storage tank
level

High component cooling

water surge tank Tevel
(for breaks in Tetdown
cooler)

Local sump levels,

radiation alarms

High CC discharge tempera-

ture from letdown coolers

Low letdown storage tank
level

High RCW radiation

High RCW surge tank level
(for breaks in seal return
cooler)

Local sump levels,
radiation alarms

High seal return flow

High RCW seal return cooler
discharge temperature
(1ocal)

Flow Monitor Alarm
High quench tank Tevel
High quench tank temp-
erature
These will only be good
when the quench tank
rupture disk is good)

High letdown storage tank
level

Bleed holdup tank level
Makeup flow rate (+) seal
injection flow (-) Tetdown
flow

High or low decay heat
removal flow

containment (decay heat -Low pump suction press.

removal system in -
operation-plant is
cooled down)

Decay heat cooler -
tube Teak (decay

LocaT sump and Tocal
radiation alarms

High LPSW temperature at

. DH cooTer outlet.

heat removal sys.
in operation- plant
is cooled down)

ISOLATING HARDWARE

*%] )
Letdown valve

upstream of
coolers

Seal return**1)
isolation valve

PORY isolation valve

Letdown control**1)
valve

Decay heat letdown**
drop 1ine valve

Cooler isolation
valves

(Symptoms or alarms most Tikely to show location are underlined)
FAILURE LOCATING SYMPTOMS
Steam Generator Tube(s) - High steam line radiation

Pressurizer S

HPI Injection

RC Pump Seal‘

RCS Instrumen

- Pressuriz
- Pressures
- RC Flow

**Footnotes:

- High steam generator level
- High condenser radiation

afety Valves - Flow Monitor Alarm
- High quench tank Tevel
- High quench tank temperature
(These will only be good while the
quench tank rupture disk is good)

Line Break - Flow imbalance between injection**3)
1ines '
(High flow will be through broken
1ine) '

Failure - High seal return temperature (w350°@7

combined with:
Low stage and upper stage pressures
are equal and high

tation Lines

er Level - False low level reading
- False low pressure
- False high or Tow flow compared with
known pump operation

1) Do not allow letdown storage tank to.drain or operating
makeup pump will lose suction and fail.

2) 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 w111
1imit the HPI flow out the break. Balanging 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 HP% pumps started
automatically, Train A flow will be 40-50% higher than
Train B flow regardless of RCS pressure.



Table F-3 SUMMARY OF GENERAL LOCA SYMPTOMS

A, INITIAL P-T DIAGRAM CHARACTERISTICS

2600
2400 |-

POST TRIP
200 | ,
WINDOW \ 4

2000 |-

b a. Rapid system depressuriza-
SUPERHEAT tion to.saturated reactor
REGION coolant conditions.

1800 ;-  SUBCOOLED

REGION
1600 |~

10 |- b. Sustained saturation (i.e.,
i HPI does not return the
END POINT-POST TRIP WITH FORCED reactor coolant to a sub-

[] CIROULATION (Tygr & Tegrp) MO cooled state within 5-10
FOR NATURAL CIRCULATIONCTggyp) minutes).

1200 - STEAM PRESSURE

1000 F _
800 -
‘NORMAL OPERATION .POINT-POWER

0 - OPERATION (Tygy) ' -

- Reactor Cooiant Ang Steam Qutiet Pressure-psig

a0 b L SUBCOOLED: £="1 END POINT-POST TRIP WITH
WARGIN LINE L NATURAL CIRCULATION (Tygy)

1 1 . 1
400 450 500 550 600 650 700

Reactor Coglant Ang Steam Outtet Temperature-F

B. 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 pf 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
8. Rapid Depletion of CFTs
9. Rapid Drop in RCS Pressure to where LPI
_ System becomes Operative
10. Rapid Increase in RB Pressure and Temperature* X X
11. Increasing RB Radiation Levels* _ X X X X
X

12. 1nadequate Core Cooling Symptoms**

*Degraded containments conditions can occur for other events such as steam or feedwater line breqks
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.



Table F-1 GENERAL POST-LOCA CORRECTIVE ACTION

< LOCA -

l

IMMEDIATE ACTIONS
&
VITAL SYSTEM

STATUS CHECKS

TO MAINTAIN CORE COOLING

D

MONITORING

1. REVIEN PLANT SYMPTOMS VIA P-T RESPONSE AND OTHER
IMPORTANT PLANT VARIABLES
2. IDENTIFY THAT A LOCA IS IM PROGRESS

RESPOND TO ABNORMAL TRANSIENT PLANT SYMPTOMS

LACK OF
ADEQUATE
SUBCOOLING
MARGIN

LACK OF PRIMARY
TO SECONDARY
HT TRANSFER

TOO MUCH PRIMARY
TO SECONDARY
HT TRANSFER

ATTEMPT TO LOCATE & ISOLATE THE LOCA

ISOLATED LOCA

BIG LOCA

&

HT TRANSFER BEEN
RESTORED

HAS PRIMARY TO SECONDARY

ves___| NO

PLANT
STABILIZATION

SMALL LOCA

<

I'NON-1SOLATABLE

HT TRANSFER BEEN

HAS PRIMARY TO SECONDARY

ESTABLISHED
. NO

YES

CORE COOLING

(HOT SHUTDOWN)

BY BACKUP
METHODS

ESTABLISH 4
LONG TERM g‘——

<L

COOLDOAN &
DEPRESS
THE PLANT

COOLING




REFERENCE TiME
POINTS (SECONDS)
1 0
1-2 0-60
2 60
2-3 60-185
3 185
3-4 185-490
4 480
4-5 480

STUCK OPEN PORY

RENMARKS

LOCA OCCURS WITH REACTOR INITIALLY AT POWER; STUCK OPEN PORV
IS EQUIVALENT TO ABOUT A ONE-INCH DIAMETER HOLE.

RCS PRESSURE DROPS AS THE PRESSURIZER STEAM SPACE 1S VENTED
OUT THE BREAK. PRESSURIZER LEVEL INCREASES.

PRESSURE DROPS TO THE RPS TRIP SETPOINT; THE REACTOR TRIPS.

AS RCS PRESSURE DROPS, THE REACTOR COOLANT SUBCOOL ING WARGIN
IS LOST (RC PUMP TRIP IS REQUIRED), AND ES IS ACTUATED ON LOW

RCS PRESSURE.

THE HOT LEG SATURATES.

RCS 1S IN_TWO-PHASE NATURAL CIRCULATION.
CONDITIONS DECREASE ALONG THE SATURATION CURVE AND STABILIZE AT ABOUT

PRESSURE ARD TEMPERATURE

1200 PSI. PRESSURIZER LEVELS ARE INCREASING AS THE STEAM SPACE iS

DEPLETED.

THE PRESSURIZER FILLS.

SYSTEM STABILIZES AT ABOUT 1200 PSI, AND TWO-PHASE NATURAL
HP1 WILL EVENTUALLY RETURN THE SYSTEN
TO A SUBCOOLED STATE. WITHOUT ISOLATION OF THE PORV, A SOLID WATER

CIRCULATION IS NEVER LOST

COCLDOWN WOULD BE REQUIRED.

RCS Pressure, psig

2200

2000

1600

1400

1200

1000

Reacter Coclant ane Steam Outiet Pressure, psig

Flluri F-11 SYSTEM RESPONSE FOR SMALL BREAK WITHIN PRESSURIZER STEAM SPACE

%00
POST TRIP
400 - 7INDOY
200 |- p -y
7 | R |

200 |- SUPERHEAT

SUBCOOL ED REGION

REGION .
1900 |-
1000 |-
1400 -

s ENC POINT-POST TRIP LR
FORL ATH

1200 | STEAs PRESSURE ‘0:"“ c':::lmo:.(;;:g:

Lt \ m?&t::mu (Tepi n)
oo - N _ coto

N MORNAL OPERATING POINT-POWER
wo b N OPERATION (Tyqq)
SATURATION 77 END POINT-POST TRIP WITH
s08 - L _J NATURAL CIRCULATION (Tpgr)
SUBCOOLED
L o NARGIN LINE
0 1 1 i 1 1
400 450 500 550 00 §50 700

Reactor Cooiant and Steam Outiet Temperature, F

200

400

600

Time, sec

1000

Pressurizer Leve!, %

25 -

1 1 . 1

200 400 600 800 1000

Time, sec




‘ ' Figure F-10 SYSTEM RESPONSE FOR SMALL BREAK THAT REPRESSURIZES IF
. FEEDWATER IS LOST

0.01 FT2 BREAK AT PUMP DISCHARGE
(BOTH HP| AND EFW ARE ASSUMED TO
BE DELAYED FOR 20 MINUTES)

2600
- NOTE: STEAM PRESSURE & TEMPERATURE 5
REFERENCE TINE : YOULD DROP AFTER S&  —
POINT (SECONDS) REMARKS 400 DRIES OUT. STEAM P&T '\ opu
- WOULD RECOVER -WHEN EFW
1 0.0 LOCA OCCURS WITH REACTOR INITIALLY AT POWER: BREAK IS EQUIVALENT | 2200 IS RESTORED . —— ey
T0 1.35 INCH DIAMETER HOLE. ! - ce — _ P
.‘ 2 SUPERHEAT
-2 0-50 RCS PRESSURE AND PRESSURIZER LEVEL DROP DUE T0 THE LOSS OF REACTOR T 000 b SUBCOOLED REGION
COOLANT. ) °
2 REGION POST TRIP
2 50 RCS PRESSURE DROPS TO RPS TRIP SETPOINT; THE REACTOR TRIPS. L0SS s 1800 | ¥INDOW
OF OFFSITE POWER OCCURS. AND THE RC PUMPS AND MAIN FEED ARE LOST. o
EFW FAILS TO START. , = 1600 f
(=]
l 2-3 50-120 AS RCS PRESSURE DROPS, THE REACTOR COOLANT SUBCOOLING MARGIN IS i I g 3,4
LOST AND ES IS ACTUATED ON LOW RCS PRESSURE. HPI IS ASSUMED , z END POINT-POST TRIP WiTH
’ VA FORCED CIRCULATION (T
T0 FAIL. = % HOT
s 5 RE
s 1200 STEAM PRESSU 4 & Tpp p) AND FOR NATURAL
3 120 HOT LEG SATURATES. c “m—x , CIRCULATION (Teg,p)
. = 1 _ -
3-4 120-280 SG'S SLOWLY BOIL ORY. g 1000 -3 NORMAL OPERATING POINT-POWER
l , 4 280 SG COOLING IS ESSENTIALLY LOST, s a0 | lrf N OPERATION (Tyop)
4-5 280-1200 RCS REPRESSURIZES DUE TO LACK OF PRIMARY TO SECONDARY HEAT TRANSFER | e () SATURAT ON || END POINT-POST TRIP o
AND THE BREAK'S INABILITY TO REMOVE ENOUGH ENERGY (1.E., BREAK IS 600 5 L — NATURAL CIRCULATION (Tyay)
: TOO SMALL TO KEEP THE SYSTEM P .
M PRESSURE DOWN) SUBCOOLED
5 1200 OPERATOR ACTION TO START EFW AND HPI IS ASSUNED. 400 WARGIN LINE
» . 5-6 >1200 REFLUX BOILING IS ESTABLISHED; AND THE RCS SLOWLY DEPRESSURIZES TO - . N | I L L 700
THE SECONDARY SIDE SATURATION CONDITIONS, 0 400 450 500 550 600 650
Reactor Cootant and Steam Outlet Temperature, F
l 15
. 2500
' 2000 ] = 50 |
bl ~
%] 1 a
' s 1500 |- =
e 5
(- w
o @
8 a
1000 [ 1 25 -
!
1 1 1 1 '
500
l 0 500 1000 1500 2000 2500 !
Time, sec
0 1 : : l :
l 0 200 400 600 800 1000 1200 1400 1600 1800 2000
Time, sec




REFERENCE TIME
POINTS (SECONDS)
1 0.0
1-2 0-29
2 29
2-3 28-60
3 60
3-4 §0-250
4 250
>250

0.02 FT2 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 DROP DUE TO LOSS OF REACTOR
COOLANT

RCS PRESSURE DROPS TO RPS TRIP SETPOINT; THE REACTOR TRIPS.

AS RCS PRESSURE DROPS, THE REACTOR COOLANT SUBCOOLED MARGIN 1S
LOST; THE RC PUMPS ARE TRIPPED; AND ES 1S ACTUATED ON LOW RCS
PRESSURE. '

HOT LEG SATURATES

THE RCS STABILIZES IN PRESSURE AND THE STEAM GENERATORS SLOWLY
BOIL DRY.

SG COOLING 1S ESSENTIALLY LOST

THE RCS HANGS UP IN PRESSURE AS THE BREAK IS NOT LARGE ENOUGH T0
CONTINUALLY DEPRESSURIZE THE SYSTEM. THE CORE IS BEING COOLED BY
HP| COOLING. THE PLANT WILL SLOWLY COOLDOWN AND DEPRESSURIZE AS
DECAY HEAT DROPS.

2500
2000
20
> 1500
2 —
w
=
1000 M~
500 1 1 1

0 500 1000 1500
1

Time, sec

2000

psig

Reactor Coolant ang Steam Qutlet Pressure,

Figure F-Q SYSTEM RESPONSE FOR SMALL BREAK THAT STABILIZES AT HIGH RCS PRESSURE
- WITHOUT FEEDWATER

2600
2400
2200
2000
1800
1600
1400
1200
1000
800
600

400

POST TRIP
r WINDOW
» . —— .
e [___]
= ’ SUPERHEAT
SUBCOOLED REGION
REGION
AFTER REFERENCE POINT 4, —~e—
o STEAM PRESSURE AND TEMPERATURE 3
WOULD SLOWLY DROP. -, END POINT-POST TRIP WITH
Y4 FORCED CIRCULATION «T
- RE HOT
f:::: PRESSY a Teorp) AND FOR NATURAL
§ CIRCULATION (Tegip)
=
B Q NORMAL DPERATING POINT-POWER
- N OPERATION (Tygy)
SATURATION 771 END POINT-POST TRIP WiTH
- L1 NATURAL CIRCULATION (Tyop)
SUBCOOLED
B WARGIN LINE
i 1 1 1 1
400 450 500 550 500 650 700
Reactor Coolant and Steam Qutiet Temperature, F
75
50
5
4
= 25 I
0 L~.!l A A
0 200 400 600
Time, sec



1 Figure F-8. SYSTEM RESPONSE FOR SMALL BREAK WHICH DEPRESSURIZES
} _ THE RCS ITHOUT FEEDWATER
Va
0.07 FTZ BREAK WITHOUT F¥_
2600
REFERENCE TINE
SECONDS) _REMARKS ‘ POST TRIP
POINTS ( ' 2400 - ¥INDOW
2200 | . -
1 0 LOCA OCCURS WITH REACTOR INITIALLY AT POKER;BREAK w r ]
IS EQUIVALENT TO 3.6 INCH DIAMETER HOLE. ER— ---
R -
1-2 2-10 RCS PRESSURE AND PRESSURIZER LEVEL DROP DUE TO LOSS s SUBCOOL €D PEpTMERT
OF REACTOR COOLANT. i 2 REGION
: 1800 |-
2 10 RCS PRESSURE DROPS TO RPS TRIP SETPOINT: THE REACTOR b
TRIPS. -
| —_—
2-3 10-24 AS RCS PRESSURE DROPS, THE REACTOR COOLANT SUBCOOLED , S 1600
MARGIN 1S LOST (RC PUNP TRIP IS REQUIRED) AND ES IS : e STEAM PRESSURE AND ===
ACTUATED ON LON RCS PRESSURE. £ o0 b TEMPERATURE WOULD SLOWLY | 3
E DROP AFTER REFERENCE POINT44:
3 24 THE HOT LEG SATURATES. - a 2 ENC POINT-POST TRIP WiTH
= v
3-4 24-150 THE RCS SLOWLY DEPRESSURIZES: THE RC PUMPS ARE TRIPPED; S 1200 |- STEAN PRESSURE FORCED CIRCULATION (Tygy
RESIDUAL FEEDWATER 1S SLOWLY BOILED OFF. = LT L Teo ) AND FOR NATURAL
5 cOLD
4 150 S COOLING IS ESSENTIALLY LOST. g w0 p \ CIRCULATION (Tgq; p)
4-5 150-1200 THE RCS CONTINUES TO SLOWLY DEPRESSURIZE BECAUSE THE < ] NORMAL OPERATING POINT-PONER
BREAK CAN REMOVE DECAY HEAT BY RELEASING REACTOR COOLANT , S w0 N OPERATION (Tygr)
T0 THE RB. S B
: = SATURATION T 77 END POINT-POST TRIP WITH
5 1200 RCS PRESSURE HAS DROPPED TO 600 PSIG; THE CFT BEGINS TO 800 L | NATURAL CIRCULATION (T
ADD WATER TO THE REACTOR VESSEL. | - Wo1)
5-6 >1200 THE RCS CONTINUES TO DEPRESSURIZE WITH HPI COOLING IN ! w0 - § SUBCOOLED
: MARGIN LINE
PROGRESS .
0 1 1 1 1 1
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Reactor Coolant and Steam Outiet Temperature, F
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REFERENCE TINE
POINTS (SECONDS)
1 0
1-2 0-50
2 50
2-3 50-80
3 80
3-4 80-100
4 100
4-5 100-600
5 600
5-6 600- 1250
§ 1500
B-7 >1500

0.01 FT2 BREAK AT PUMP DiSCHARGE

REMARKS

LOCA OCCURS WITH REACTOR INITIALLY AT POWER, BREAK IS EQUIVALENT
TO 1.35 INCH DIAMETER HOLE.

RCS PRESSURE AND PRESSUR!IZER LEVEL DROP DUE TO THE LOSS OF REACTOR
COOLANT.

PRESSURE DROPS TO RPS TRIP SETPOINT; THE REACTOR TRIPS.

RCS PRESSURE CONTINUES TO DROP; THE REACTOR COOLANT SUBCOOLING |
MARGIN 1S LOST (PUMP TRIP REQUIRED)

ES ACTUATION ON LOW RCS PRESSURE.

HOT LEG APPROACHES SATURATED CONDITIONS AS THE PRESSURIZER EMPTIES.
THE RC PUMPS ARE TRIPPED AND MFW FLOW IS DIVERTED TO THE UPPER
NOZZLES.

THE HOT LEGS ARE SATURATED.
RCS IS [N TWO-PHASE NATURAL CIRCULATION.

THE "“FLOW CIRCULATION" PHASE STOPS; A LOSS OF PRIMARY T0
SECONDARY HEAT TRANSFER OCCURS BECAUSE STEAM CONDENSATION
IN SG TUBES 1S NOT POSSIBLE.

RCS REPRESSURIZES BECAUSE NO CORE HEAT CAN BE REMOVED BY STEAM
GENERATORS. STEAM BUBBLE IN HOT LEG PIPING 1S SLOWLY GROWING [N
SI1ZE. REACTOR COOLANT EXPANDS INTO THE PRESSURIZER AS THE SYSTEM
REPRESSURI ZES.

STEAM CONDENSATION STARTS IN SG TUBES. ]

REFLUX BOILING IS ESTABLISHED; AND THE PRIMARY SYSTEM PRESSURE AND
TEMPERATURE. SLOWLY DECREASE TO THE SECONDARY SIDE SATURATION
CONDITIONS.

psig

Reactor Coolant ana Steam Qutlet Pressure,

Figure F-7 SYSTEM RESPONSE FOR SMALL BREAK WHICH REPRESSURIZES IN A
SATURATED STATE
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| | . Figure F-6 SYSTEM RESPONSE FOR SMALL BREAK WHICH STABILIZES AT SECONDARY SIDE PRESSURE

0.04 FTZ COLD LEG BREAK ‘

REFERENCE TINE )
POINTS ( SECONDS) REMARKS

LOCA OCCURS WITH REACTOR INITIALLY AT POWER; BREAK IS EQUIVALENT TO 2.7 INCH

o

DIAMETER HOLE. : ' 2600
1-2 0-15 RCS PRESSURE AND PRESSURIZER LEVEL DROP DUE TO THE LOSS OF REACTOR COOLANT. pOST TRIP
2400 - ¥ NDOY
2 15 PRESSURE DAOPS TO RPS SETPOINT; THE REACTOR TRIPS. '
2-3 15-23 RCS PRESSURE CONTINUES TO DROP AND SUBCOOLING MARGIN IS LOST. AN RC PUMP TRIP - 0 E— R
[ 4 z o
S REQUIRED = 00 b SUPERHEAT
3 23 ES ACTUATED ON LOW RC PRESSURE. s SUBCOOL E0 REGION
. ) - 2 . REGION
3-4 23-30 THE PRESSURIZER EMPTIES AND THE HOT LEG CONDITIONS APPROACH SATURATION. , s a0 | ‘
. o i
4 i HOT LEG SATURATES. =
= 1600 F
4-5 30-340 THE RC PUMPS ARE TRIPPED; NFW FLOW IS DIVERTED TO THE UPPER NOZZLES; AND HEAT ; 3 34
CONTINUES TO BE TRANSPORTED FROM THE CORE TO THE SG BY THO-PHASE NATURAL LT
CIRCULATION. RCS PRESSURE AND TEMPERATURE ARE SLOWLY APPROACHING THE SECONDARY & - POINT-POST TRIP WITH
2 FORCED CIRCULATION «T
SIDE SATURATION CONDITIONS. 2 mo b STEAB PRESSURE % HOT
E
s
3
=
&

: L Trp ) AND FOR NATURAL
coLD
5 340 THE FLOW CIRCULATION PHASE ENDS; THE SYSTEM IS IN A REFLUX BOILING MODE. LI
CIRCULATION (Tgg )
. 1000 .
6 >340 THE ‘ACS STABILIZES AT OR NEAR SECONDARY SIDE CONDITIONS. OTSG LEVELS Swoup e - & - ——— - ~——~— ==~ fY NORMAL OPERATING POINT.PONER
.. SLOWLY RAISED TO 95% ON OPERATE RANGE. THE RCS WiLL REMAIN IN THIS CONDITION 200 OPERATION (Tyqp)
: FOR A LONG TIME PERIOD AND THEN BEGIN A SLOW COOLDOWN AND DEPRESSURIZATION AS ‘ SATURATION -—n
' END POINT-POST TRIP WITH
P . .
DECAY HEAT DROPS 500 + L _ 4 NATURAL CIRCULATION (Tyqp)
NOTE: OPERATOR ACTION TO COOLDOWN THE PLANT SHOULD BE INITIATED TO ACHIEVE SUBCOOL ED
A LONG-TERM COOLING MODE. _ 4o - NARGIN LINE
. 0 1 1 It 1 i
) 400 450 500 550 600 650 700

Reactor Coolant ang Steam Outiet Temperature, F
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2000 | : -
: E
= 1500 : 5
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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
5-6 270-910

6 910

7 >910

0.1 FT2 COLD LEG BREAK

REMARKS

|
LOCA OCCURS WITH REACTOR INITIALLY AT POWER, BREAK IS EQUIVALENT

TO 4.3 INCH DIAMETER HOLE.

RCS PRESSURE AND PRESSURIZER LEVEL DROP DUE TO LOSS OF REACTOR I

COOLANT OUT THE BREAK.

RPS TRIP SETPOINT IS REACHED; REACTOR TRIPS.

RCS DEPRESSURIZES TO SATURATED CONDITIONS; ES IS ACTUATED ON LOW |

RC PRESSURE; AND THE PRESSURIZER EMPTIES.

PRESSURIZER 1S COMPLETELY EMPTY AND THE HOT LEG IS SATURATED.

THE RCS CONTINUES TO DEPRESSUR!ZE.
FLOW 1S DIVERTED TO THE UPPER NOZILES; AND TWO-PHASE NATURAL

CIRCULATION EVOLVES.

THE RC PUMPS ARE TRIPPED; MFW

THE "FLOW CIRCULATION" PHASE ENDS; THE RCS IS IN REFLUX BOILING

THE RCS CONTINUES TO DEPRESSUR!ZE. STEAM PRESSURE DRUP& DUE TO
REDUCED PRIMARY TO SECONDARY HEAT TRANSFER.

PRIMARY PRESSURE DROPS BELOW THE SECONDARY PRESSURE. THE SG'S

ARE NOW A HEAT SOURCE.
RCS PRESSURE CONTINUES TO DROP.

RCS PRESSURE HAS DROPPED TO G0O.PSIG AND THE CFT’S BEGIN ADDING

WATER TO0 THE REACTOR VESSEL.

THE RCS WILL CONTINUE TO DEPRESSURIZE SLOWLY UNTIL THE LP1 SYSTEM

BECOMES OPERATIVE.
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RCS Pressure, psig
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1 1 1 1

200

400 600 800 1000 1200

!
]
Time, sec i
1

'

Reactor Coolant and Steam Qutiet Pressure, psig

(0.1 FT2) COLD LEG BREAK)

Figure F-5b SYSTEM RESPONSE FOR SMALL BREAK WHICH CONTINUALLY DEPRESSURIZES THE RCS

2600
POST TRIP
2400 - ¥INCOW
2200 | E ——=-
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l 0.5 FTZ BREAK IN COLD LEG PIPE Figure F-5a. SYSTEM RESPONSE FOR SMALL BREAK WHICH CONTINUALLY DEPRESSURIZES
~ | e —— .
THE RES (0.5 FT2BREAK IN COLD LEG PIPE)
l . REFERENCE TIME ;
' PDINTS ¢SECONDS ) _REMARKS 2600
’ 1 0 LOCA OCCURS WITH REACTOR INITIALLY AT POWER: BREAK IS | NOTE: EIEQ'CYPﬁﬁﬁﬁuﬁﬁré'a‘"n!i?;i:ﬁ!”ﬁﬁ.:?”4“’
EQUIVALENT TO 9.5 INCH DIAMETER HOLE 2400 '
. . : , (REVERSE H§AT TRANSFER WOULD BE
1-2 0-.2 PRESSURE DROPS DUE TO RELEASE OF REACTOR COOLANT OUT . INDICATED POST TRIP Al -
THE BREAK. = 2200 - ' : vinoow Bl L___
: . ] =4 . .
2 0.2 !;:?TI:;:DSETPDINT IS REACHED; A REACTOR TRIP IS 2000 [ SUPERHEAT
. 2 ! , REGION
2-3 0.2-0.5 BREAK 1S LARGE 'ENOUGH TO DEPRESSURIZE THE RCS TO 2 1800 [ SUBCOOLED REG!ON
SATURATED CONDITIONS BEFORE PRESSURIZER EMPTIES. s - APPROX IMATE
#ITHIN 0.5 SEC. ES 1S ACTUATED AND THE RC PUMPS - RESPONSE OF ~— |
SHOULD BE TRIPPED BECAUSE SUBCOOLING IS LOST. 2 500 [
= Teowp
3 0.5 HOT LEG SATURATES. 2
es E 1400 [
3-4 0.5-40 RC PUMPS ARE TRIPPED AND MFW FLOW IS DIVERTED TO THE UPPER NOZZLES. = :
THE RCS CONTINUES TO DEPRESSURIZE IN A SATURATED STATE AND = 1200 F
THE HPI BEGINS TO DELIVER FLOW TO THE RCS. < | , STEAM PRESSURE LIMIT
4 40 THE "FLOW CIRCULATION" PERIOD ENDS, AND THE PRIMARY - S o F ' —\_ —
SIDE PRESSURE AND TEMPERATURE DROP BELOW THE PRESSURE E - - - = — — — — - - _
AND TEMPERATURE OF THE SG's. THE SG's BECOME A HEAT e F 73 END POINT-POST TRIP WITH FORCED
SOURCE . s , /] CIRCULATION (Tygr & Togup) AND
S ]
4.5 40-110 BOTH THE HOT AND COLD LEG ARE SATURATED, AND RC PRESSURE 2 00 SUBCOOLED FOR NATURAL CIRCULATION (Tggip)
CONTINUES TG DROP. MARGIN LINE Y NORMAL OPERATING POINT-POMER
_ : , N OPERATION (Tyqp)
5 110 RC PRESSURE HAS DROPPED TO 600 PSIG AND THE CFT's BEGIN 400 r -
ADDING WATER TO REACTOR VESSEL. ™77 END POINT-POST TRIP WITH
| L_J NATURAL CIRCULATION (Tygy)
5-6 110-200 RCS PRESSURE CONTINUES TO DROP. ES ACTUATION AT 500 PSIG 00 1~ '
I » STARTS LPI. . , - N . |
) N ' 6 200 RCS PRESSURE 1S BELOW 200 PSIG AND THE LPI PUMPS BEGIN . 200 300 400 500 600 700
) , TO DELIVER FLO¥ TO THE REACTOR VESSEL. : :
: F
7 200 THE RCS BEGINS TO REFILL BACK TO THE ELEVATION OF THE ; Reactor Coolant And Steam Outlet Temperature,
) BREAK. CORE COOLING WILL BE MAINTAINED SO LONG AS LPI
_ IS CONTINUED. ;
I 75
I 2500
l 2000 [ 50
R
« 3
2 ts00 3
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2 i z
< 1000 , s 25
!
500
l |
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Figure F-4. TYPICAL
N T, T %, figure F-4. SYSTEM RESPONSE QURING FLOX CIRCULATION PHASE
! OF A SHALL BREAK
FROM CORE = .
FLO0D TANKS » 2% FRON CORE - FAOK CORE \
g FLOOD TANKS S FLOOD TANKS o
WY/ _I 0 © o
i O L <o o o N\ o
:2”.‘ J SYSTEN * :i:/ » 3 f—-x2 FRON LR} :'F,I/Efl ’] FRON LP) o
SYSTEM
STEAN 1 4a Systen nn 4 \' ¢ A
MAIN STEAM STEAM "‘ o
. %
) :
\ f ° o [
[} °© 5, 9ol6%0
NI 7 5 °
KM
w1 N S % -
NOTE:  ARROWS IMPLY RC PUNPS WIN . — © NOTE:" TWO-PHASE NATURAL
FEEDRATER : >
e \ ARE ‘ON’ AKD FORCED FEEDWATER L e Pt CHE CIRCULATION STOPS
FLOW EXISTS, WHEN SUFF ICIENT
4 SYSTEM 1S IN TND-
PHASE NATURAL STEAM BUILDS UP IN
CIRCULAT IO THE HOT LEG 10 PREVENT
X ) WATER CARRYOVER 10 SG.
FRON HP > ==t
A S Frow wpi P —
: SYSTEN
LEGEND
TYPICAL SYSTEW RESPONSE UP 10 REACTOR TRIP POST-TRIP EVOLUTION TO THO-PHASE NATURAL CIRCULATION SYSTEN RESP "
(PUINTS 1 702 ON -1 DIAGRAN) $ L EM RESPONSE TO THE END OF THE “FLOW CIRCULATION" PHASE PRIMARY SIDE SECONDARY §10€
(POINTS 2 T0 3 ON P-T DIAGRAM) (POINTS 3 T0 4 ON P-T DIAGRAN) D o OART_S10E
WATER
1. THE SWALL BREAK - WATER
i ”m:N_:ATzﬂggrzsc::na:ugﬁggtEEJ::C{:E ﬁgﬂ;::}[;s LosT 1. RCS PRESSURE AND PRESSURIZER LEVEL CONTINUE T0 DROP DUE TO 1. THE RCS PLT IS SLONLY DROPPING AND APPROACHING THE SATURATION A
. A 1055 OF REACTOR CODLANT AND RCS CONTRACTION FOLLOYING THE PRESSURE AND TEMPERATURE OF THE STEAN GENERATORS. THO PHASE LIQUID
2. PRESSURIZER LEVEL DROPS. AND RC PRESSURE DECREASES AS THE REACTOR TRIP. 2 ADDITIONAL STEAW 1S FORMED, AND THE STEAW AND WATER START T0 . STEAW
PRESSURIZER STEAM SPACE EXPANDS. LITTLE OR NO CHANGE OCCURS : :
IN THE REACTOR CODLANT TEMPERATURE: THE REACTOR COOLANT 7. BECAUSE COOLANT IS BEING LOST. RCS PRESSURE DROPS SEPARATE (1.E.. STEAN CAN RISE FASTER BECAUSE 1T 1S LIGHTER). \\ STeaw
RENAINS SUBCOOLED, FASTER THAN NORMAL. AS A RESULT, THE REACTOR COOLANT SUBCOOL- 3. STEAN WILL START T0 ACCUNULATE IN LARGE AMOUNTS IN THE H1G AN ’
ING NARGIN IS LOST. ES 1S ACTUATED ON LOW RCS PRESSURE. THE POINTS IN THE SYSTEN (UPPER HEAD OF REACTOR VESSEL AND UPP:R o s o
3. THE REACTOR TRIPS ON VARIABLE TEWPERATURE AND PRESSURE PRESSURIZER ENPTIES, AND THE HOT LEG SATURATES. WOT LEG PIPING) 0 N CON
(DIAGONAL PORTION OF THE RPS TRIP ENVELOPE), AND THE RODS .
ENTER THE CORE AND SHUT DOWN THE FISSION PROCESS. CORE 3. HP1 IS STARTED: THE RC PUNPS ARE TRIPPED WANUALLY: MFY iS 4. AS STEAM COLLECTS IN THE UPPER HOT LEG PIPING, THE TWO-PHASE <2 systen “oFe
PONER DROPS TO DECAY HEAT LEVELS, AUTORATICALLY DIVERTED TO THE UPPER NOZZLES WHEN minc PUNPS NATURAL CIRCULAT 10N FLOW DROPS; THIS ENCOURAGES BOILING IN
ARE TRIPPED: AND THE PRESSURIZER LEVEL GOES OFF SCALE LOW.
4. THE TURBINE TRIPS, AND A MAIN FEEDWATER RUNBACK T0 CONTROL SG £ THE CORE AND MORE STEAM PRODUCTION.
LEVEL AT THE LOW LEVEL LINIT BY THE ICS IS STARTED. 4. RCS FLOW DECREASES TO NATURAL CIRCULATION LEVELS AS THE PUNPS 5. THE VOLUME OF THE WOT LEG OCCUPIEQ BY STEAM GRONS; AND THE
COAST DOWN, , :
5. THE REACTOR COOLANT TEWPERATURE DROPS (SIWILAR TO THAT WHICH : g:::: HOT LEG 1907 ELGOES BECOKE CONPLETELY OCCUPIED BY
OCCURS AFTER ANY REACTOR TRIP): AN INCREASE [N THE OUTSURGE 5. STEAM BEGINS TO COLLECT IN THE PRIMARY SYSTEM LOOPS :
FROM THE PRESSURIZER OCCURS TG COMPENSATE FOR TENPERATURE 6. THO-PHASE NATURAL CIRCULATION STOPS AS WATER IS NO LONGER
REDUCTION (SHRINKAGE) OF THE REACTOR CODLANT: AND PRESSURIZER @ STEAW ENTERS THE HOT LEG FROM THE PRESSURIZER CAPABLE OF FLOWING UP THE HOT LEG PIPING AND INTO THE STEAM
LEVEL AND RC PRESSURE CONTINUE 70 DROP. § SOME OF THE REACTOR COOLANT FLASHES TO STEAM BECAUSE GENERATORS.
THE SYSTEN PRESSURE 1S DROPPING 7. THE "FLOR CIRCULATION® PHASE IS OVER
@ STEAN CAN POSSIBLY BE FORMED IN THE CORE IF THE REACTOR
COOLANT IN THE CORE SATURATES AND BOILING OCCURS.
6. TNO-PHASE NATURAL CIRCULATION 1S IN PROGRESS.
NOTE: AT THIS POINT INTO A SMALL BREAK, THE SYSTEM
RESPONSE CAN 6D IN THO DIRECTIONS. IF THE
BREAK IS VERY SHALL, THE STEAM WITHIN THE
PRIMARY SYSTEN CAN BE CONDENSED WITHIN THE

STEAN GENERATOR OR BY COLD HP1 WATER. AND THE
REACTOR COOLANT CAN BE RETURNED T0 A SUBCOOLED
STATE. ONCE THE REACTOR CQOLANT SUBCOOLING °
WARGIN |5 ESTABLISHED, THE HPI CAN BE THROT-
TUED AND A HOT SHUT DOWN CONDIT{ON CAN BE
ACHIEVED. |F THE BREAK )S SOMEWHAT LARGER.
ADDITIONAL STEAM WILL BE FORNED (SEE NEXT
SEQUENCE). '

- 2800
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o - winoor

200 |- . ———s

! 2
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LR S SUPERHEAT
¢ SUBCOOLED SupERm
3 REGION
< reoo .
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2 e00 b VERY SMALL
3
f ount 3
< F] 1, ENE POINT-POST TRIP WiTh
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z 2
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3 o \ CIRCULATION- 1 Tgg g1
§ w0k Y. -
< N wommaL operating Point-poreR
o 800 b N OPERATION «Tygps
H o
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Figure F-3. SYSTEM RESPONSE FOR LARGE BREAK IN HOT LEG PIPING

DOUBLE-ENDED HOT LEG BREAK

' 2600
REFERENCE TINE NOTE: DURING A LARGE BREAK STEAM PRESSURE &
POINTS -~ (SECONDS) REMARKS 2400 F TEMPERATURE WILL SLOWLY DROP AFTER
: REFERENCE POINT 6). POST TRIP
! 0.0 LOCA OCCURS WiTH THE PLANT INITIALLY AT 100% POXER. , ——m
o 2200 | WINDOW % e
2 <10 RCS PRESSURE DROPS TO RPS TRIP SETPOINT AND A REACTOR TRIP 1S INITIATED. 2
. 000 F
3 <10 SUBCODLING MARGIN IS LOST. w2 :
z . SUBCOOLED \
4 <10 ES ACTUATED ON LOW RC PRESSURE AND HIGH RB PRESSURE. HP1 AND LPI S 1800 REGION SUPERHEAT
' WILL BECOME OPERATIVE WITHIN 35 SECONDS. > REGION
= 1600 [
5 <0 THE REACTOR COOLANT SATURATES IN THE HOT LEGS. E
§ 4.0 RCS PRESSURE DROPS BELOW SECONDARY SIDE PRESSURE: THE SG'S BECOE g 1400 [
A HEAT SOURCE INSTEAD OF A HEAT SINK. &
2 1200 |
7 9.0 RCS PRESSURE DROPS TO 600 PSIG AND BORATED WATER FROM THE CFTs BEGINS = STEAM PRESSURE LIMIT
' TO ENTER THE REACTOR VESSEL. S 1000 b _ : \ _ 6
= o, W,
8 18 THE END OF BLOWDOWN IS REACHED AS THE RCS AND CONTAINMENT EQUALIZE IN 8 i 272038‘1‘#}0:0?; TRH; \:;HDEOEESDFOR
PRESSURE (~ 20-40 PSIG). THE RCS §S ESSENTIALLY VDID (LITTLE OR NO s 800 I NATURAL CIRCUL:‘T]ION (TC(LM)
WATER EXISTS) AND THE CORE OUTLET THERWOCOUPLES WOULD INDICATE S .
SUPERHEATED CONDITIONS. = 600 - SUBCOOLED T s NORMAL UPERATIN[); POINT-PONER
: OPERATION (Tygr
ARGIN N
9 19 END GF REFILL. THE RV HAS BEEN REFILLED UP TO THE BOTTOM OF THE ACTIVE 400 | 1 'L‘,,'jﬁ ;
CORE. AT THIS TIME, THE HPI AND LP| SYSTEMS ARE FULLY OPERATIVE. 8,9.10,1 SATURATION [ ""JEND POINT-POST TRIP WITH NATURAL
o b —-JCIRCULATION (Thop)
10 30 THE CFT WATER VOLUME IS DEPLETED. 2
1 1
" 350 THE CORE IS RECOVERED BY WATER AND THE FUEL'S TEMPERATURE EXCURSION IS oL " 00 o
TERMINATED.  THE CORE EXIT THERMOCOUPLES RETURN TG SATURATED CONDITIONS. 200 300 4
Reactor Coolant Ano Steam Outiet Temperature, F
2500
a5
2000 = g
z N,
> 1500 \ S oaf
5 e 5|
» (-
= 1000 = 2 |
o \ »
g T~ E 45
-
500 s 1w
: \ s
\ 5 F
0 0 | i1 eninl 1 2l
0 2 4 6 8 10 12 14 16 18 R 1.0 10.0 100.0
Time, s Time, s



]

REFERENCE

POINTS

10
"

DOUBLE-ENDED COLD LEG BREAK AT DISCHARGE OF RC PUMPS

TIME
(SECONDS) RENARKS
0.0 LOCA OCCURS WITH THE PLANT INITIALLY AT 100% PONER.
a0 - RCS PRESSURE DROPS TO RPS TRIP SETPOINT AND A
REACTOR TRIP 1S INITIATED.
<1.0 SUBCOOL ING WARGIN IS LOST.
<1.0 ES ACTUATED ON LOW RC PRESSURE AND HIGH RB PRESSURE,
HP1AND LP{ WiLL BECOME OPERATIVE WITHIN 35 SECONDS.
<10 THE REACTOR COOLANT SATURATES IN. THE HOT LEGS.
12.0 RCS PRESSURE DROPS 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.
24.0 THE END OF BLOWDOWN |S REACHED AS THE RCS AND
CONTAINNENT EQUALIZE IN PRESSURE (~ 20-40.PSI6)
THE RCS 1S ESSENTIALLY VOID (LITTLE OR NO WATER
EXISTS) AND THE CORE OUTLET THERMOCOUPLES WOULD
INDICATE SUPERHEATED CONDITIONS.
0 END OF REFILL. THE RV HAS BEEN REFILLED UP TO
» THE BOTTOM OF THE ACTIVE CORE. AT THIS TIME,
THE WP AND LPI SYSTENS ARE FULLY OPERATIVE.
50.0 THE CFT WATER VOLUME 1S DEPLETED.
380.0 THE CORE IS RECOVERED BY WATER AND THE FUEL'S

CORE
TEMPERATURE EXCURSION IS TERWINATED. THE
EXIT THERMOCOUPLES RETURN 10 SATURATED CONDITIONS.

‘Reactor Coolant And Steam Outlet Pressure, psig
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Figure F-2. SYSTEM RESPONSE FOR LARGE BREAK N COLD LEG PIPING
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NOTE: FOR A LARGE BREAK STEAM PRESSURE &
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REFERENCE POINT 6. POST TRIP
- ¥INDOW —_
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H Figure F-1. FLUID HISTORY DURING A LARGE BREAK
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AT PONER AND THE n[r]: PUKPS DN’ ' A LARGE BREAK HAS OCCURRED AND NEARLY ALL OF THE INITIAL REACTOR COOLANT THE ECCS HAS REFILLED THE REACTOR VESSEL
: INVENTORY HAS ESCAPED TO THE RB. BLOWDOWN LASTS ANYWHERE FRON 20-200 UP TO THE BOTTOM OF THE CORE REGION.
SECONDS DEPENDING ON THE BREAK SIZE AND ENDS WHEN THE RCS AND RB
PRESSURES EQUALIZE. AT THE END OF BLOWDOWN THE CFT'S WILL BE OPERATIVE
AND THE HP1/LPI SYSTENS WILL BE FUNCTIONAL WITHIN 35 SECONDS FOLLOWING
ESAS ACTUATION. i
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DURING REFLOOD THE ECCS FLOODS THE REACTOR VESSEL WITH WATER, '
RESTORES CORE COOLING. AND REFILLS THE SYSTEM UP TO THE ELEVATION

OF THE BREAK. THE CFT'S ENPTY DURING REFLOOD. AND THE LP1 SYSTEM

"PROVIDES THE COOLING WATER TO REFILL THE SYSTEM. CORE COOLING WILL

BE MAINTAINED AS LONG AS LPI FLOW IS CONTINUED."
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Figure E-1 SMALL STEAM LEAK

LIMIT '
i ! : _ CIRCULATION « Tgg )

POST TRIP
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SUBCOD! €0 STEAM TENP REGION

REGION

ENC POINT-POST TRIP WITH
FOKCED CIRCULATION «Tyoq

% TogLp) AND FOR NATURAL

NN

STEAM PRESSURE

| NORMAL OPERATING POINT-POWER
- N OPERATION (Tygy!
3 SATURATION ™77} END POINT-POST TRIP WITH
X _ (L3 WATURKL CIRCULATION (Tygp)
SUBCOOLED
B MARGIN LINE
} : 1 ‘ 1 1 1 )
400 450 500 550 600 690 100
Reactor Coglant and Steam Outiet Temperature, F
Reference Time -
Points__. (Seconds )} Remarks
1 0 TBS valves fail open from 100% full power allowing
’ 25% of full power steam flow.
1-2 0-95 Reactor trip on high flux (~ 18 seconds), turbine
. - trip, ICS runs back MFW, makeup valve goes wide opun.
2 95 Pressurizer drained; ES trip on low RC pressure,
starts HPI.
3 100 Subcooled margin lost. Operator trips RC pumps;

‘MFW diverted to upper nozzles.

4 120 Operator isolates TBS to stop stcam 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 cqu]d
reheat until SG pressure reaches the MSRV setpoint.
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Figure D-10 TYPICAL LOSS OF OFFSITE POWER

P-T RESPONSE

POST TRIP '
- WINDOW A\ .7
N
SUBCOOL ED !
i REGION f SUPERHEAT
. REGION
.
i STEAM PRESSURE
END POINT-POST TRIP WITH FORCED
LIMIT 7, CIRCULATION (Tygr & Tggyp) AND FOR
———————————— A NATURAL CIRCULATION (Tgg p)
N NORMAL OPERATING POINT-POWER
OPERATION (Tyqr)
- N HOT
i SUBCOOLED C="7T END POINT-POST TRIP WITH NATURAL
MARGIN LINE ! I CIRCULATION (Tyop)
| | 1 1 i
400 450 500 550 600 650 700

"Reactor Coolant and Steam Outiet Temperature, F

Reference Time
Points (Seconds ) Remarks
1 0 Plant separates from grid.
1-2 0-15 Reactor trips on hich pressure. Hydro generators
begin loading within 23 seconds after reactor trip.
2-3 15-75 Plant cools down as steam is relieved to atmosphere
and steam safety valves and to condenser by TBS.
3-4 75-240 Thot increases to develop required temperature
difference for natural circulation.
4-5 240-480 RCS is cooled by natural circulation. Steam pressure
is dropping due to guenching effects of EFDW.
5 480 0TSG levels reach 5( . on the operate range.
5-6 >480 Steam pressuke, Tay and RCS pressure return to normal

post-trip values as decay heat adds energy to the
system. :
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FAILURE
RC_INVENTORY 1.

LOSS OF NORMAL
LETDOWN

RC_INVENTORY 2.

T0O MUCH HPI
(OPERATOR ERROR-
FAILURE TO THROTTLE
HPI AFTER SUBCOOLED,
MARGIN REQUIREMENTS
ARE SATISFIED).

EFFECT ON TUBE LEAK CONTROL AND PLANT COOLDOWN

THE LOSS OF LETDOWN PREVENTS THE USE OF FEED AND BLEED

TO INCREASE THE RCS BORON CONCENTRATION DURING COOLDOWN.
IT ALSO PREVENTS THE USE OF NORMAL BORON SAMPLING. 1IN
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 OUT 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 DRAINED 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 aE POSSIBLE DEPENDING ON THE TRADE
OFF BETWEEN TUBE LEAK FLOW AND PRESSURIZER VALVE LOSS.

|
|
|
|
|

1 .
FAILURES WHICH AFFECT RC INVENTORY CONTROL

(NOTE: OVERCOOLING ANP 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)

CORRECTIVE ACTIONS TO ALLOW A CONTROLLED COOLDOWN

- ATTEMPT TO RESTORE LETDOWN; CAUSES OF FAILURE COUL.D
INCLUDE CLOSED VALVES OR LOSS OF CCW TO THE LETDOWN
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.

[

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 MAKEUP
PUMP MUST BE REALIGNED TO THE MAKEUP TANK, THE OTHER
HPI PUMP SHOULD STAY ALIGNED FOR ECCS INJECTION FOR
THE TUBE LEAK). THIS VOLUME CONTRACTION APPROACH
CAN BE REPEATED AS REQUIRED. STARTUP NEUTRON
MONITORS SHOULD BE CHECKED; IF THE COUNT RATE
INCREASES THE COOLDOWN SHOULD BE HALTED.

2. IF THE SYSTEM IS SATURATED OR NEAR SATURATION OR IF
HPI COOLING HAS BEEN USED AND THE SYSTEM IS WATER
SOLID AND A PRESSURIZER BUBBLE CANNOT BE DRAWN, THEN
THE CONTRACTION METHOD CANNOT BE USED. CONTINUOUS
HPI INJECTION FROM THE BWST AND FLOW OQUT THROUGH
THE PORV OR BREAK WILL ALLOW A FORM OF BLEED AND FEED
THAT WILL INCREASE THE CONCENTRATION SUFFICIENTLY FOR
SHUTDOWN (IF A LARGE VOLUME OF THE BWST IS PUMPED INTO
THE RCS).

- HPI MUST BE CONTROLLED, TO ALLOW AN ORDERLY PLANT COOLDOWN
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 COOLING 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.

BE .ACCELERATED TO ENGAGE THE CORE FLOOD TANKS AND THE DHR
SYSTEM.

BACKUP SOURCES OF BORATED WATER SHOULD BE PREPARED FOR
INJECTION.

1F DEPLETION OF THE BAST APPEARS POSSIBLE, RCS COOLOOWN SHOULD

'
FAILURE
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)

EFFECTS ON TUBE LEAK CONTROL AND PLANT COOLDOWN

FAILURE TO SUPPLY ENOUGH HPI TO MAKEUP FOR THE
PRIMARY-TO-SECONDARY LEAKAGE 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.

- DEPENDING ON THE TUBE LEAK RATE, ONE HPI PUMP
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.

TABLE C-3

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 SUBCQOLED
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 IS NOT POSSIBLE TO START A SECOND HPI PUMP,
OR IF THE MAXIMUM POSSIBLE FLON CANNOT BE ATTAINED
THROUGH THE INJECTION LINES (~ 250 GPM PER LINE),
THEN THE RCP'S MUST BE TRIPPED WHEN THE SUBCOCLED
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 CANNOT 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 WILL PROBABLY EXIST AT ALL TIMES DURING
THE COOLDOWN (SATURATED OR SUBCOOLED). IF THE
SUBCOOLING MARGIN IS RESTORED, THE RC PUMPS CAN BE
RESTARTED AND COOLDOWN CAN PROCEED IN A STRAIGHT
FORWARD FASHION.



FAILURE

RC PRESSURE 1
SPRAY VALVE FAILS
noNH

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 COOLDOAN

e N e A

THE UNCONTROLLED ADDITION OF PRESSURIZER SPRAY WILL CAUSE
A SLOK DEPRESSURIZATION OF THE RCS BECAUSE THE SPRAY
CAPACITY IS HIGHER THAN THAT OF THE HEATERS. THE
TRANSIENT IS SLON; BUT,.IF IT LASTS LONG ENOUGH THE
SUBCOOL.ING 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 DEPEND ON THE DECAY HEAT RATE, HPI (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,
BUT UNLESS THE SPRAY CAN BE REPAIRED AND CONTROLLED, THE
PORV MUST BE LISED 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:OONTROL

CORRECTIVE ACTIONS TO ALLOW A CONTROLLED 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
COOLDOWN 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
VOLWME, AND SPRAY TEMPERATURE WILL HAVE DIFFERENT
EFFECTS). THIS TABLE WAS CALCULATED FOR NORMAL®
OPERATING CONDITIONS.

NUMBER OF RC PUMPS RUNNING SPRAY FLON

(% FULL FLOW)

i
FAILURE

[
RC_PRESSURE 3.

PRES;SURIZER HEATERS
FAILED “ON"

RC PRESSURE 4,

PRESSURIZER HEATERS
FAILED "OFF"

'

VALVE CANNOT BE

EFFECT ON TUBE LEAK CONTROL AND PLANT COOQLDOAN

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 FLOW WILL
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 HAVE
TO BE USED TO CONTROL SUBCOOLING, ESPECIALLY TOWARD THE
LATER STAGES OF COOLDOWN WHEN THE COOLDOWN RATE IS
REDUCED. HOWEVER, FOR MOST CODLDOWNS 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 TO BE USED TO REGAIN SUBCOOLING MARGIN DURING THE
COOLDOWN. PRESSURE CONTROL #ILL BE DIFFICUWLT IF THE
PRESSURIZER FILLS SOLID; THE TUBE LEAK RATE WILL INCREASE
AS RC PRESSURE RISES OR SUBCOOLED MARGIN IS INCREASED.

LEAK WILL CONTINUE AND WILL DEPEND ON THE AMOUNT OF

TABLE C-3
EFFECTS OF FAILURES ON

STEAM GENERATOR TUBE LEAK

CONTROL
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CORRECTIVE ACTIONS TO ALLOW A CONTROLLED COOLOOWN

MANUAL CUTOFF OF PRESSURIZER HEATERS SHOULD BE
TRIED. IF THAT FAILS THE BREAKERS CAN BE THROWN
TO CUTOFF POWER. 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, COOLDONN AND DEPRESSURIZE

THE PLANT NORMALLY. IF SUBCOOLING MARGIN IS LOST THEN

START HPT AND ATTEMPT TO KEEP SUBCOOLING WITH A

PRESSURIZER BUBBLE BY REDUCING RCS TEMPERATURE WITH THE

STEAM GENERATOR. IF THE BUBBLE IS LOST SPRAYS BECOME

SPRAY LOOP OPPOSITE LOOP INEFFECTIVE AND THE PORV MUST BE USED FOR DEPRESSURIZATION
2 2 100 ) (AND TO RELIEVE HPI WATER). A SOLID WATER COOLDOWN IS
2 1 92 . REQUIRED. IN MOST CASES CONTINUED COOLING WITH THE STEAM
2 0 84 GENERATORS WILL KEEP THE SUBCOOLED MARGIN.
1(SPRAY LINE NEXT TO 2 60 ;
RUNNING PUMP) RC_PRESSURE 5.
1(SPRAY LINE NEXT TO 1 PDRVi (OR BLOCK DEPRESSURIZATION IS NOT POSSIBLE; TUBE LEAK WILL CONTINUE. PREPARE ADDITIONAL SOURCES OF BWST AND CONDENSATE.
RUNNING PUMP) VALVE) CLOSED ) .
1(SPRAY LINE NEXT TO 2 AND SPRAYS OFF
IDLE PUMP)
1(SPRAY LINE NEXT TO 0 4l
RUNNING PUMP)
“i;E‘E‘YPt;f NEXT TO 1 38 RC_PRESSURE 6. THIS IS AN UN-ISOLABLE LOCA; HPT AND REACTOR COOLANT A SOLID WATER COOLDOWN WILL BE REQUIRED WITH THE RCS
L(SPRAY LINE NEXT T0 o 2 PRESSURIZER SAFETY EXPANSION FILL THE PRESSURIZER SOLID WITH WATER. EARLY DEPRESSURIZATION RATE CONTROLLED BY THE DISCHARGE \
OLE POV VALVE FAIL OPEN; IN THE TRANSIENT THE REACTOR COOLANT MAY BE SATURATED PRESSURE OF THE HPI PUMPS. |
o 2 20 OR PORV FAILS (DEPENDING ON NUMBER OF HPI PUMPS OPERATING, THE DECAY |
o N © OPEN AND BLOCK HEAT LOAD, AND STEAM GENERATOR TEMPERATURE). THE TUBE l
|
|

AS A RULE OF THUMB TRIPPING ONE PUMP IN EACH LOOP WILL
PROVIDE A GOOD BALANCE BETWEEN THE SPRAY FLOW 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 BETWEEN THE
SUBCOOLED MARGIN LINE AND 50F SUBCOOLING. WHEN THE PORV
IS OPENED, BOTH PRESSURIZER LEVEL AND REACTOR COOLANT
SUBCOOLING SHOULD BE MONITORED. IF PRESSURIZER LEVEL
DROPS BELON ~ 40" OR THE REACTOR COOLANT SUBCOOLED
MARGIN IS APPROACHED, THE PORV SHOULD 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 DRAWN BEFORE DEPRESSURIZING WITH THE PORV. IF A
BUBBLE CANNOT BE DRAWN (HEATERS OFF) THEN THE RATE OF
DEPRESSURIZATION WITH WATER RELEASE THROUGH THE PORV
WILL BE SLO¥.

CLOSED.

SUBCOOLING (WHICH DEPENDS ON HPI INJECTION RATE
AND STEAM GENERATOR SATURATED TEMPERATURE.)




FAILURE

OTSG INVENTORY 1.
LOSS OF MAIN
FEEDWATER

QOTSG_INVENTORY 2.

LOSS OF EFW TO OTSG
{MFW IS OFF)

OTSG INVENTORY 3.

LOSS OF EFW/MFW TO
BOTH OTSG'S.

EFFECTS ON TUBE LEAK CONTROL AND PLANT COOLDOWN

LOSS OF MAIN FEEDWATER HAS NO 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 DEPENDING 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

NILL NOT CIRCULATE AND THE STAGNANT REACTOR COOLANT
MAY FLASH INTO STEAM AS THE RCS DEPRESSURIZED. IF

A SATURATED STEAM BUBBLE GRONS 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 FOLLOW THE COOLDOWN BUT STEAM GENERATOR SHELL COOLING
WNILL 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 BAST INVENTORY INCREASES.

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

FAILURES WHICH AFFECT STEAM GENERATOR INVENTORY CONTROL

CORRECTIVE ACTIONS TO ALLOW A CONTROLLED COOLDOWN

FAILURE

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

EMERGENCY FEEDWATER MUST BE CONTROLLED IF THE RC
PUMPS ARE TRIPPED AND A HIGH OTSG LEVEL IS REQUIRED
SO THAT QVERCOOLING EFFECTS WHICH MIGHT CAUSE
PRESSURIZER DRAINING WILL BE AVOIDED. A HIGH LEVEL
SHOULD BE AVOIDED 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,

OTSG_INVENTORY 4.
‘MFW OVERFEED

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
E€FW SHOULD BE AS LISTED IN "OTSG INVENTORY 1"
ABOVE.

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

OTSG_INVENTORY S.
EFW OVERFEED (MFW
STOPPED)

HP1 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 EFW) SHOWLD
BE RESTORED TO AT LEAST ONE SG AS SOON AS POSSIBLE.
A TIMELY RESTORATION OF PRIMARY TO SECONDARY HEAT
TRANSFER IS NECESSARY BECAUSE HPI COOLING PLACES A
BIG DEMAND ON BNST INVENTORY. SINCE THE BAST
INVENTORY IS NOT RECOVERABLE (I.E., LOST TO THE
SECONDARY FLANT THROUGH THE LEAK) K THE POTENTIAL
FOR A LOSS OF CORE COOLING CAPABILITY INCREASES
PROPORTIONATELY. WITH THE TIME PERIOD THAT HPI

CODLING IS MAINTAINED. IF 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 CORE 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 TWO
QCONEE UNITS.

EFFECTS ON TUBE LEAK CONTROL AND PLANT COOLDOWN

A FATLURE WHICH CAUSES EXCESSIVE MFW TO ONE OR BOTH

GENERATORS CAN RESWLT IN NATER 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 LOWNER THE LEVEL TO NO MORE THAN 85% 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 FEEDWATER PUMPS AND THE EFW PUMPS WILL
AUTOMATICALLY START,

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

EFW 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 EFN FEED PUMP
TURBINE DRIVER MAY SLON DONN, AND PUMPED FLOW
RATE MAY DECREASE. (THIS EFFECT DEPENDS ON THE
VOLUME OF STEAMVTRAPPED IN THE STEAM LINES).
HONEVER, WHEN THE EXCESS FEEDWATER IS STOPPED,
THE EFW PUMP WILL RESUME NORMAL SPEED AS STEAM
PRODUCTION PICKS UP.

TABLE C-3

EFFECTS OF FAILURES ON
STEAM GENERATOR TUBE LEAK
CONTROL

Sheet 2 of 4

CORRECTIVE ACTIONS TO ALLON A CONTROLLED COOLDOWN

- CORRECTIVE ACTIONS TO STOP EXCESSIVE FEEDWATER ARE
SHOWN 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
OBVIOUS.

2) IF THE OVERFILL IS FAST OR THE CONTROL VALVES
CANNOT BE CLOSED STOP THE MFW PUMPS
- START EFW 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 STEAMLINES 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 FEEDNATER 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 COOLDOAN SHOULD BE
CONTROLLED BY THE “GOOD" STEAM GENERATOR.

- 7O 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. HOWEVER, 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 COOLDONN. IF MFW CANNOT BE USED
EFW CAN BE STARTED.

- CORRECTIVE ACTIONS FOR EFW 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 COOLDOWN. FEEDWATER
CONTROL MUST BE RE-ESTABLISHED. WHEN FEEDWATER WAS STOPPED,
THE GENERATOR WILL PROBABLY DRY OUT, UNLESS QUICK MANUAL
CONTROL STOPPED THE FEEDWATER AND ALSO CONTROLLED THE CONTROL
VALVE. TO PREPARE FOR COOLDOWN 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 FEEDWATER CONTROL THE FOLLOWING MAY
BE DONE: )
1) MANUALLY CONTROL THE CONTROL VALVE
2) OPEN THE CONTROL VALVE WIDE, AND MANUALLY CONTROL
THE ISOLATION.VALVE



FAILURE

OTSG PRESSURE 1.
TBS FAILS OPEN

EFFECT ON TUBE LEAK CONTROL AND PLANT COQLDOWN

- THE STEAM PRESSURE DECREASE WILL CAUSE REACTOR COOLANT
CONTRACTION AND IN COMBINATION WITH THE TUBE LEAK WILL
NEARLY ALWAYS CAUSE PRESSURIZER DRAINING REGARDLESS OF THE
NUMBER OF VALVES OPEN. VERY SMALL LEAKS (VALVE DOES NOT RESEAT
TIGHTLY) WILL HAVE LITTLE EFFECT.

- THE TIME TO DEPRESSURIZE THE GENERATOR TO ABOUT 600 PSIG FOR
EXAMPLE, WILL DEPEND ON THE NUMBER OF VALVES OPEN. SEVERAL
COMBINATIONS OF FAILURES ARE POSSIBLE:

A. A SINGLE VALVE CAN FAIL TO CLOSE AFTER OPENING; STEAM PRESSURE
(IN ONE GENERATOR) WILL DROP TO AROUND 600 PSIG 15 TO 20
MINUTES AFTER TRIP.

8. A CONTROL SIGNAL ERROR CAN CAUSE THE VALVES IN ONE STEAM LINE
TO FAIL OPEN; STEAM PRESSURE (IN ONE GENERATOR) WILL DROP TO
600 PSIG 8 TO 12 MINUTES AFTER TRIP.

C. A CONTROL SIGNAL ERROR CAN CAUSE ALL VALVES IN BOTH STEAM LINES
TO FAIL OPEN; STEAM PRESSURE (IN BOTH GENERATORS) WILL DROP TO
600 PSIG 3 TO 5 MINUTES.

- THE EFFECT ON THE AMOUNT OF RCS CONTRACTION AND PRESSURIZER DRAINING
WILL DEPEND ON THE NUMBER OF VALVES OPEN, WHETHER FEEDWATER IS STOPPED
OR CONTINUED, AND THE AMOUNT OF HPI FLOW.

- SUBCOOLING MARGIN WILL NOT BE LOST FOR SINGLE VALVE OPENINGS IF HPI IS
STARTED, BUT IT MAY BE LOST WHEN ALL THE TURBINE BYPASS VALVES FAIL OPEN.
IF THE SUBCOOLING MARGIN IS LOST RECOVERY WILL OCCUR WHEN HPI IS ABLE TO
REFILL THE SYSTEM AND RESTORE PRESSURIZER LEVEL.

- IF HPI IS ON, THE SUBCOOLING MARGIN WILL BE RECOVERED (IF IT WAS LOST) AND
THE AMOUNT OF SUBCOOLING WILL INCREASE. THE TUBE LEAK FLOW WILL GET LARGER
WHEN REACTOR COOLANT TEMPERATURE DROPS. THE TUBE LEAK FLOW WILL GET LARGER
IF BOTH REACTOR COOLANT TEMPERATURE DROPS AND THE REACTOR COOLANT PRESSURE
INCREASES .

- IF HPI AND OVERCOOLING CONTINUE AN NOT VIOLATION WILL OCCUR.

- LOOP VOIOS CAN FORM BECAUSE OF THE STEAM PRESSURE FAILURE; THE TUBE LEAK WILL
ALSQO TEND TO REDUCE SUBCOOLING. THE SIZE OF THE VOIDS FORMED WILL DEPEND ON
THE NUMBER OF VALVES OPEN, THE SIZE OF THE TUBE LEAK AND HPI FLOWN. NATURAL
CIRCULATION CAN BE LOST IF VOIDS IN THE LOOP ARE LARGE ENOUGH, AND VOIDS CAN
FORM IN THE REACTOR VESSEL HEAD FOR THE LARGEST STEAM PRESSURE LOSSES. IF
VOIDS ARE FORMED IN THE HEAD AND REACTOR COOLANT PUMPS ARE NOT OPERATING, THE
STEAM BUBBLE WILL LIMIT THE COOLDOWN BECAUSE IT WILL NOT PERMIT DEPRESSURIZATION.

HPI ALONE CANNOT ELIMINATE THE VOIDS; HEAT MUST BE REMOVED BY THE STEAM GENERATOR
TO COMPLETELY ELIMINATE VOIDS, 8UT HPI WILL REDUCE THE VOLUME OF THE VOIDS.

- LARGE STEAM LEAKS WILL CAUSE AN UNCONTROLLED COOLDOWN. COOLDOWN WITH OPEN TBS VALVES
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 FEEDWATER BE VERY CAREFULLY
CONTROLLED TO A DEPRESSURIZED GENERATOR. REACTOR COOLANT QVERCOOLING CAN VIOLATE THE
TUBE-TO-SHELL. AT LIMITS AND PLACE THE TUBES IN TENSION. THIS MAY INCREASE THE TUBE
LEAK RATE IF THE TUBE CRACK IS PERPENDICULAR TO THE CENTERLINE OF THE TUBE.

- IF THE CONDENSER IS WORKING, THE FAILED TURBINE BYPASS VALVES WILL DISCHARGE TO THE
CONDENSER; RADIATION RELEASES WILL BE REDUCED BY PARTITIONING. IF THE CONDENSER IS NOT
AVAILABLE, 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 GRID POWER WILL AUTOMATICALLY SWITCH TO THE BACKUP SUPPLY FROM THE
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.

CORRECTIVE ACTION TO ALLOW A CONTROLLED COOLDOWN

- THE STEAM LEAK WILL COOL THE REACTOR COOLANT TO SOOF (OR
LOWER DEPENDING ON THE LEAK RATE). IF THE COOLDOWN RATE
RELATIVELY SLOW, THE OPERATOR CAN DEPRESSURIZE WITH THE
PRESSURIZER SPRAYS, BUT CAREFUL CONTROL OF HPI TO MAINTAI
PRESSURIZER LEVEL IS NEEDED. IF THE COOLDOWN RATE IS FAS
IS BEST TO RESTORE STEAM PRESSURE CONTROL BEFORE
DEPRESSURIZING THE RCS.

- TO DETERMINE WHICH GENERATOR LOOP HAS THE STEAM LEAK:

- CHECK STEAM PRESSURE, DETERMINE WHICH GENERATOR HAS THE
PRESSURE, OR .

- STOP FEEDWATER TO BOTH GENERATORS (WHEN LEVEL EXISTS IN
THE GENERATOR WITH THE FASTEST LEVEL DECREASE IS LEAKIN
If A LARGE TUBE LEAK EXISTS IN THE DEPRESSURIZED GENERA
WILL COOL FASTER AND DEPRESSURIZE MORE THAN THE “GOOD™
BUT LEVEL MAY NOT LOWER SIGNIFICANTLY).

FAILURES| WHICH AFFECT STEAM PRESSURE CONTROL

!
i
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LOWEST

BOTH);
G. (NOTE:
TOR IT
GENERATOR,

- ONCE THE GENERATOR WITH THE STEAM LEAK HAS BEEN DETERMINED, STOP
FEEDWATER TO THAT GENERATOR (OR IF ALL FEEDWATER HAS BEEN STOPPED, ,
RESTORE FEEDWATER TO THE GOOD GENERATOR) AND STABILIZE THE REACTOR-
COOLANT WITH HPI; CONTROL REHEAT REPRESSURIZATION BY CONTROLLING HPI

AND BY CONTROLLING STEAM PRESSURE WITH THE TBS ON THE
GENERATOR THAT DOES NOT HAVE THE STEAM LEAK.

- TO DETERMINE WHETHER THE LEAK IS THROUGH THE TBS OR THE STEAM SAFETY

VALVES.

- ATTEMPT TO MANUALLY CLOSE THE TBS VALVES IN THE GENERATOR LOOP

WITH THE STEAM.LEAK (NOTE: IF THE TBV'S ARE VERIFIED A:
SHUT AND THE OTSG REPRESSURIZES, THEN THE SAFETY VALVES
ELIMINATED .

- VISUALLY EXAMINE THE TBS VALVES LOCALLY.

- ONCE THE PLANT HAS BEEN STABILIZED, CORRECTIONS CAN BE MAL
PERMIT COOLDOWN. THE METHOD FOR COOLDOWN WILL DEPEND ON
THE STEAM LEAK CAN BE CONTROLLED AND WILL DEPEND ON WHICH
GENERATOR HAS THE TUBE LEAK. (THE “MODE" FOR COOLDOWN IS

S BEING
CAN BE

DE TO
WHETHER

GIVEN IN

FIGURE C-3, SHEET 2). BEFORE COOLDOWN IS BEGUN THE TBS MUST

EITHER BE RESTORED TO SERVICE OR MANUALLY CONTROLLED.

- TO RESTORE THE TBS TO SERVICE ATTEMPT MANUAL CONTROL WITH
HANQ/AUTO STATION; IF THIS DOES NOT WORK THE BLOCK VALVES
BE MANUALLY CONTROLLED AS A SUBSTITUTE FOR THE TBS VALVES

THE
SHOUWLD
. THE

GENERATOR WITH THE TUBE LEAK SHOULD ONLY BE STEAMED TO LIMIT THE

WATER LEVEL AND THE VALVES SHOULD ONLY BE OPENED AS NECE,
KEEP THE WATER LEVEL LOW. COOLDOWN SHOWD BE WITH THE
WITHOUT THE TUBE LEAK UNLESS THE PROPER RATE OF COOLDOWN

CANNOT BE MAINTAINED.

SARY TO
NERATOR

- IF AT ANY TIME DURING THE COOLDOWN THE WATER LEVEL OF THE

AFFECTED GENERATOR APPROACHES 95% ON THE OPERATE RANGE

BECAUSE OF THE TUBE LEAK, THAT GENERATOR MUST BE STEAMED TO

REDUCE THE LEVEL. FEEDWATER SHOULD BE LIMITED TO THE

GENERATOR WITH THE TUBE LEAK TO AVOID FILLING THE GENERATOR.
ENOUGH WATER LEVEL SHOULD BE MAINTAINED TO KEEP THE TUBE-TO-

iSHELL AT IN LIMITS AND TO MAINTAIN NATURAL CIRCULATION.

- IF THE OVERCOOLING HAS CAUSED VOIDS TO FORM IN LOOPS THEN

SATURATION HAS EXISTED AND THE RC PUMPS HAVE BEEN TRIPPED. THE:
HPI SYSTEM SHOULD 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. VOIDS

CAN BE

REMOVED BY COOLING WITH THE .STEAM GENERATORS. IF THE SYSTEM IS

SL‘I’BCMED, THE RC PUMPS CAN BE RESTARTED AND RUN TO "WASH'

' THE

STEAM BUBBLE INTO THE STEAM GENERATOR WHERE IT CAN BE CONDENSED

BY STEAM GENERATOR COOLING. 1IN NEARLY ALL CASES FOR TUBE

LEAKS

THE HPI SYSTEM WILL RESTORE SUBCOOLING; SATURATION #ILL 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 CANNOT BE ACCOMPLISHED.

BACKUP SUPPLIES OF BORATED WATER FOR INJECTION SHOWD BE
PREPARED. ’

FAILURE

OTSG_PRESSURE 2.
MAIN STEAM
RELIEF VALVE
FAILS OPEN

OTSG PRESSURE 3,

FAILED CLOSED
TBYV(s)

TABLE C-3

EFFECTS OF FAILURES ON
STEAM GENERATOR TUBE LEAK

: EFFECT OR TUBE LEAK CONTROL AND PLANT TOOLDOWN

- THE EFFECTS OF ONE STEAM SAFETY VALVE FAILING OPEN

ARE THE SAME AS IF ONE TBS VALVE FAILED OPEN (SEE

QTSG PRESSURE 1) EXCEPT THAT A MAIN STEAM SAFETY

VALVE CANNOT BE CLOSED OR BLOCKED.

AS LONG AS FEEDWATER CONTINUES TO THE DEPRESSURIZED

GENERATOR, QVERCOOLING WILL CONTINUE.

- SINCE THE STEAM SAFETY VALVE CANNOT BE REPAIRED,

A ONE GENERATOR COOLDOWN WILL BE REQUIRED.
THE GENERATOR TO BE USED FOR COOLDOWN MAY OR MAY NOT
BE THE ONE WITH THE TUBE LEAK.

- IF THE TUBE LEAK IS IN THE SAME GENERATOR AS THE FAILED
SAFETY VALVE THEN RADIOACTIVE RELEASES WILL BE VERY HIGH
AS LONG AS THE TUBE LEAK CONTINUES AND THE GENERATOR
STEAMS .

FATLURES RESULTING IN CLOSURE OF THE TBV'S CAN
PRODUCE THE FOLLOWING CONDITIONS:
1. ALL TBV'S ON BOTH SG'S FAIL CLOSED.
2. ALL TBV'S ON ONE SG FAIL CLOSED.
3. ONE TBV FAILS CLOSED.
CLOSURE OF THE TBV(S) PREVENTS STEAM DUMP TO THE CONDENSER
AND PLACES MORE RELIANCE OF USE OF SECONDARY SAFETY
VALVES TO CONTROL/LIMIT STEAM PRESSURE.
CLOSURE OF ALL THE TBV'S ON BOTH STEAM GENERATORS REDUCES
AUTOMATIC STEAM PRESSURE CONTROL SOLELY TO THE SSVs.
IMMEDIATELY FOLLOWING A REACTOR TRIP, THIS FAILURE DOES
NOT PRODUCE ABNORMAL SYSTEM BEMAVIOR (AN OVERCOOLING OR
OVERHEATING TRANSIENT). PLANT COOLDOWN IS NOT POSSIBLE,
HOWEVER, UNTIL VARIABLE STEAM PRESSURE CONTROL IS
RESTORED. IF PLANT COOLDOWN IS DELAYED FOR AN EXTENDED
TIME PERIOD, THE FOLLOWING CONSEQUENCES CAN EVOLVE:
1. THE LEAK RATE WILL CONTINUE, AND BWST INVENTORY WILL
SLOWLY DECREASE. THE EVENTUAL LOSS OF MU
CAPABILITY CAN LEAD TO AN ICC CONDITION.
2. OVERFILL OF THE AFFECTED SG AND WATER ADDITION TO
THE STEAM LINE, DUE TO PRIMARY TO SECONDARY
LEAKAGE, CANNOT BE PREVENTED.
3. FEEDWATER SOURCES WILL BE SLOWLY DEPLETED; A LOSS
OF ALL FEEDWATER WILL REQUIRE DEPENDENCE ON HPI TO
. KEEP THE CORE COOLED.
FAILURE OF ALL THE TBV'S ON ONE GENERATOR WILL REQUIRE
A ONE SG GOOLDOWN. IF THE AFFECTED SG MUST BE USED FOR
PLANT COOLDOWN, HIGHER STEAM PLANT CONTAMINATION AND
OFFSITE RELEASES WILL OCCUR. FAILURE OF ONE TBV DOES NOT
IMPAIR PLANT COOLDOWN CAPABILITIES IN THAT EACH LOOP HAS
AMPLE ADDITIONAL CAPACITY.

CONTROL
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CORRECTIVE ACTION TD ALLOW A CONTROLLED COOLDOWN

THE GENERAL. APPROACH FOR COOLDOWN IS:

- DETECT THE STEAM LEAK AS OUTLI'NED IN OTSG PRESSURE 1

- STOP THE' OVERCOOLING TRANSIENT BY STOPPING ALL FEEDMATER
TO THE GENERATOR WITH THE STEAM LEAK.

- PROCEED WITH A ONE GENERATOR COOLDOWN AS OUTLINED IN THE
"BEST METHODS" CHAPTER ATOG PART II.

- CORRECTIVE ACTIONS FOR VOIDS SHOUWLD BE PERFORMED, IF
THEY OCCUR AS OUTLINED IN OTSG PRESSURE 1.

AT LEAST ONE TBV MUST BE OPERATIONAL TO COOLDOWN THE PLANT
SINCE OPERATION OF THE ADV'S IS PRESENTLY QUESTIONABLE. IT
IS ALSO DESIRASLE TO RESTORE CONTROL TG AS MANY TBV'S AS
POSSIBLE TO ACHIEVE MAXIMUM COOLDOWN RATES AND USE OF NEAR
NORMAL. COOLDOWN ACTIONS. IF TBV FAILURES ARE INDICATED,
THE FOLLOWING CORRECTIVE ACTION SHOULD BE ATTEMPTED:

1. ATTEMPT REMOTE MANUAL CONTROL FROM THE CONTROL ROOM.

2. CHECK THE STATUS OF THE AIR SUPPLY SYSTEM AND START THE
BACKUP AIR COMPRESSOR IF NECESSARY.

3. IF ALL TBV'S ARE FAILED CLOSED AND ITEM 142 ABOVE FAIL,
ACTIONS TO RETURN THE ADV TO SERVICE SHOULD BE STARTED.

4. IF ONE OR MORE TBV ARE OPERATIVE ON ONE SG, A PLANT
COOLDOWN PER THE ONE GENERATOR METHOD OUTLINED IN THE
"BEST METHOD" SECTION SHOWD BE CONDUCTED (EVEN IF THE
AFFECTED SG MUST BE CONTINUOUSLY STEAMED TG COOLDOWN
THE PLANT).

IF TBS OPERATION IS TEMPORARILY LOST, PREPARATIONS TG
ENGAGE A BACKUP SUPPLY OF BORATED WATER TO THE BEST AND
ALTERNATE FEEDWATER SQURCES SHOULD BE MADE. ONCE CONTROL
OF THE TBV'S OR ADV'S IS RESTORED, AN IMMEDIATE PLANT
COOLDONN AND DEPRESSURIZATION SHOULD BE STARTED.



TaBLE C-2
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ACTIONS FOR A SGTR IN COMBINATION WITH A NON-ISOLABLE STEAM LEAK

1

LARGE SGTR! WITH

|
|

SMALL SGTR? WITH

LARGE STEAM LEAK3 ON

SMALL STEAM LEAK" ON

1

LARGE STEAM LEAK3 ON

SMALL STEAM LEAK" ON

AFFEGTED® SG

UNAFFECTED® SG

AFFECTED® SG

AFFECTED® SG

UNAFFECTED® SG

AFFECTED> SG

UNAFFECTED® SG

Steam Leak
Mitigation
Actions

SG(s) removing
heat when

cooldown and
depressuriza-
tion started

SGTR Isola-
tion Actions

Cooldown
Rates

NOTES:

Stop FW to
affected SG
(tube Teak will
provide cooling)

Both SG's

N/A

Emergency’

Maintain mini-
mal FW to un-
affected SG°

Predominantly
affected SG

N/A

Emergency

N/A

Both SG's

e Stop or reduce
feedwater to
affected SG
when Tpot v
500F (tube
leak will pro-
vide cooling)?

Emergency

UNAFFECTEDS SG

N/A

Both SG's

i
I

Stop or reduce

feedwater to
affected SG
when Thot ~

500F (tube leak
will provide

cooling)®

Emergency

!
]

Maintain minimal
FW to affected
SG9 '

Predominantly
unaffected SG

N/A

Emergency

Maintain.minimal
FW to unaffected
SG°

Predominantly
affected SG

N/A

e Emergency’ if
condenser 1is
not available.

e Normal® if
condenser is
working.

N/A

Both SG's

e Stop steam

from and FW to
affected SG
when Thot <
540F.10

Emergency

N/A

Both SG's

Stop steam
from and FW to
affected SG
when Tgot <
540F .1

° Emergency7 if
condenser -is
not available.

e Normal8 if
condenser is
working.

1. Large SGTR corresponds to a primary to
secondary leak rate which requires HPI
to control RCS inventory.

2. Small SGTR corresponds to a primary to
secondary leak rate which is within the
capacity of the normal MU system.

3. A’ large steam leak reduces steam
pressure more than 200 psi.

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.

Affected SG is the OTSG with qhe SGTR.
Unaffected SG is the OTSG without the SGTR.

Emergency cooldown means:
- Tube-to-shell temperature Timits do not exceed

- 150F

|

!

- Fuel decompression Timits may be violated

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

- After 500F ‘is reached, the cooldown should be
at 100F/hr as long as that rate can be held.
The cooldown rate should beireduced when the
tube-to-shell temperature 1limit approaches
150F (unless.there is danger of draining the

BWST).

10.

Normal cooldown means:

- Tube-to-shell temperature 1imits do not exceed

- Fuel decompression limits should not be viplated
- The cooldown is at a "normal" rate

Provide minimal or periodic feeding to maintain

tube-to-shell AT and/or natural circulation if

8.
60F
9.
RCP's are tripped.

If RCP's are tripped, provide minimal or periodic

feeding and steaming to maintain natural circu-
lation in affected Toop.
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Figure C-2 TYPICAL SYSTEM RESPONSE FOR LARGE
SGTR WHICH RESULTS IN A
REACTOR TRIP
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100 450 500 550 600 650 100

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 tevel slowly-drop. -

e 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.
660 Reactor trips on variable low pressure (PRcS + 2000 psig).
3-4 660-680 The turbine trips; MFW runs back; the reactor coolant

subcooled 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 EFW starts. The operator

throttles EFW to prevent overcooling. The reactor

- < o ' coolant subcooled margin is reestablished, and the opera-
: tor throttles HPI to stablize 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 Tow.

w



Figure A-6 TIME RELATIONSHIP OF KEY PARAMETERS
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"Reactor Coolant And Steam Outlet Pressure-psig

Figure A-2 EXCESSIVE FEEDWATER NOT TERMINATED
BY ICS
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800 b . S TeoLn) AND FOR NATURAL
CIRCULATION (Tgprp)
600 b § NORMAL OPERATING POINT-POWER
N QPERATION (Tygt) ‘
400 - ; -1 END POINT-POST TRIP WITH
SUBCOOLED MARGIN LINE | __} NATURAL CIRCULATION (Tho)
! | ; ! ! | ’
400 450 500 © 550 600 650 700
Reactor Cooclant And Steam Outiet Temperature-Fv
Reference Time ' 4
Points - (Seconds) Remarks _
1 0 Reactor trip from 100%. .ICS fails to run back MFW
to OTSG A and begins to overfeed 0TSG-A.
2 60 Operator senses rapidly decreasing pressurizer level
and RCS pressure and starts HPI. OTSG A level 70%
on operate range and increasing.
3 180 0TSG A full. High level trip of the MFW pumps fails.
4 250 Pressurizer empty. RCS rapidly approaches saturation.
' On loss of subcooling margin, the operator trips RC
pumps and MFW is diverted to upper nozzels but also
continues to feed through main block valve on OTSG A.-
5 330 MFW flow to OTSG B and RCS cooling céuse steam pres-
sure to decrease. The operator notices the high 0TSG
A level and continuing MFW flow and acts to stop FW
addition to OTSG A.
6 410 The excessive MFW to OTSG A has terminated and the

operator has terminated FW to OTSG B at 95% on the
operate range. Refill of the pressurizer by HPI has
begun to repressurize the RCS and subcooling is
regained.



Reactor Coolant And Steam Qutlet Pressure-psig

Figure A-1 EXCESSIVE FEEDWATER TERMINATED
BY ICS
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Reactor Coolant And Steam Qutiet Temperature-F
Reference Time
Points (Seconds) Remarks

1 0 Excessive feedwater addition begins.

1-2 0-60 S1ight overcooling of RCS occurs due to excessive
feedwater addition. ICS pulls rods to compensate
for reduction of Tave.

2 60  Reactor trip on high flux or low pressure. (Note:
Depending on severity and power history, a reactor
trip may or may not occur.) ' :

2-3 ¥ 60-200 RC P&T decrease due to loss of fission power and
higher than normal secondary: inventory. The ICS
initiates a feedwater runback and the MFW addition
stops. Pressurizer level decreases because of
reactor coo]a?t contraction.

3 200 Minimum pressﬁrizer level reached.

3-4 >200 Normal system pressure restored by RCS reheating,

opgration of MU system, and pressurizer heaters.
Primary system is left in a stable, hot shutdown
condition.



