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INTRODUCTION

The accident at Three Mile Island tﬁ caused the Nuclear Industry's
L ]
perspective of emergency operatioil B&hange. That accident was difficult
for the plant operators to k%a& because several things were happening at
once. Loss of Main Feedwater, Loss of Emergency Feedwater, and Small
Break LOCA occurred at the same time. An. incorrect interpretation of
pressm"izer lévelii misled the operator and he thought the core was coveréd
when it was not. The operator acted on that misleading information and
core cooling was stopped when.he shut down Emergeﬁcy High Pressure
Injection and the Reactér Cooiant .Pu’mps. The combination of multiple
failures and incorrect interpretation of information are the two factors
which have caused a new perspective of emergency operation to be

developed.

In the past emergency procedures and operator training concentrated on
single event accidents. But accidents do not usually happen with only

single failures; several things often go wrong at the same time. A

corollary to Murphy's laws says, "If there are four possible ways for
something to go wrong, and you circumvent these, then a fifth way will

"' Murphy is right. These guidelines have been developed

promptly develop.'
' so the operator can understand what has gone wrong all five times; and so

he can counterattack failures and keep the core cool with the available

equipment.

DATE : 3-9-81 - PAGE 4
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When failures of équipment occur they frequently cause a change in the
heat transfer from the core to the steém generators. When the reactor is
operating normally all the heat produced by the core is-being removed by
the steam generators; primary and secondary system pressures, tempera-
tures, and 1e§els are stable. Heat ¢ nsfer is balanced. An accident
willlcause an upset in the heat gﬂbﬁ% er from the core to the steam gene-
‘rators. Heat transfer will“.e affected in different ways depending on
what equipment has operated incorrectly. When the heat transfer changes
the effects will show up in primary and secondary system pressures,
temperatures, and levels. Pressures, temperatures, and levels are
symptoms of improper heat transfer that can be used to discover what has
gone wrong. These guidelines will use those heat transfer symptoms as .the
source of information for the operator action. Correct interpretation of
heat transfer symptoms will'givé the knowle&ge needed so the operator can

correct multiple failures.

Part II of the guidelines has two major sections. The first section 1is
entigled "Fundamentals of Reactor Control for Abnormal Transients". This
section gives general information about the way heat transfer changes can
be used to identify failures. Methods to correct those failures are also
given. The second section, '"Discussion of Selected Transients", is
divided into several subsections and each subsection covers one specific-
transient. For example, one of the transients to be covered is loss of
feedwater. Eachvone of these specific transients is combined with other
equipment failures, and ways of making corrections for multiple failures

are given.

DATE: - 3-2-81 PAGE | 5
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The "Fundamentals df Reactor Control for Abnormal TransientQ" sectioﬁ be-
gins wifh a chapter on cofe-to-Sfeam genefatof heat transfer. Core cool-
ing using the steam generator is the best way to control transients,
although other ways can be used. This chapter shows that four principle
parameters can be used to control heaﬁ‘fransfet. Those parameters ére
steam generator pressure, steam ge% or mventory, reactor coolant in-
ventory, and reactor coolant‘a"ggure. This chapter also has attachments
that discuss: a) Subcooling, Saturation, and Superheating of water and
steam, and b) Natural Circulation. This chapter containé all the impor-
tant ‘background information about heat transfer; following chapters will
use this backgroundvto show how abnormal transients can be corrected using

a knowledge of basic heat transfer.

: The next chapter discusses use of reactor coolant system pressure - temper-
ature diagram (P~T). The P-T diagram is used to quickly identify trends
when an abnormal transient happens. With this diagram an abnormal tran-
sient can be classed as overcooling, overheating, or loss of subcooling.
The ability to determine which of these is taking place will narrow down

the possible things that could have failed. Once a choice has been made

then a further review of a few other heat tranéfer parameters will permit
a closer focus on the right corrective actions. This approach, using the
P-T diagram and a few selected parameters, will help to focus on the cor-
rective actions quicker without the need to review a large number of
alarms and indications to determine the individual piece of equipment that

has failed.
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The next chapter deals with the methods to be .used for accident correc-
tion. This chapter ;:ontains a part called '"Immediate Actions'" which
identifies several actions to take immediately after the accident signal
hbas alarmed regardless of the kind of accident that has occurred. The
'imediéte actions are néeded to keep t.‘& heat transfer as balanced as
possible and to identify the t@&’ﬁcidents that can rapidly become
serious: steam generator tub%%allures ax:iéi;exc'essiv_e main feedwater. Of

all the accidents that can occur these two need fast operator actions.

Accident correction methods are oriented toward restoring the proper
balance of heat transfer between the core and the steam generator. The
correction methods given in this section show ways of controlling and re-
storing heat transfer when overcooling, overheating, or loss of subcooling

has happened.

Although restoring the balance of heat transfer between the reactor cool-
ant system .and the steam generator is the preferred way of controlling
transients it may not always be possible., A separate chapter called

"Backup Cooling Methods" shows how to cool the core when the steam gene-

rator is not available.

During the course of correcting the plant heat balance, some systems are

operated in different ways depending on what has happened. A chapter on

- - - -l
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"Best Methods for Equipment Operation" shows the best ways to operate some
very important equipment. Special attention is given to RC pumps, HPI,

and feedwater control.

A final chapter on "Post Accident Stabiljty Determination" gives some im-
o
portant things to check to see if t J;‘ant has stabilized. After stabili-
®
zation, equipment should be c&ked or repaired and the plant may be

cooled down or kept at hot shutdown as appropriate.

The second volume of Part II of the guidelines entitled 'Discussion of
Selected Transients'" discusses specific individual transients. Along with
each transient, additional equipment failures are superimposed. The
effects of these failures- are shown and ways to correct the . failures are

given.

The entire purpose of these .guidelines is to give an overview on reactor
transients, their diagnosis and control, so future transients will not be
as severe as the Three Mile Island accident. Because transients will not

follow a planned course, anything can happen.

These guidelines should provide enough background and understanding so
that no matter what happens, the operator will have sufficient under-
standing to correctly respond to the transient using the principles of

heat transfer control.

DATE:
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A. BASIC HEAT TRANSFER

Introduction and Summary

This section of the guidelines gives the basic prinéiples of heat
transfer that are important for removing heat from the core so that
it can be properly cooled. The cﬁfﬁfer is divided into three parts:
1) "Basic Heat Transfer", 'zvxéendtm A - "Subcooled, Saturated,
Superheated Water", a%'% Addendum ‘B - "Natural Circulation”.
Addendum A and Addendum B give information on two general subjects.
‘The part on "Basic Heat Transfer" covers two related topics: 1) the
general process for heat removal through the steam generators, and

2) the ways the operator can control that heat transfer.

The preferred way to protect the core and prevent fuel failure is to
control the rate of heat removal by transferring core heat to the
steam generators. Other ways to protect the core do exist; they are

covered in a later section call "Backup Cooling Methods".

To control core heat removal with the steam generator the operator
should balance the heat generated by the core with the heat removal

through the steam generators. This section will show the fundamen-

tals of heat transfer control and how the operator applies these

fundamentals to get balanced heat removal.

DATE: 3-9-81 PAGE 9
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'Heat Transfer Equations

The path for heat flow from the core to the steam generator is:
Core Heat—————=Preactor coolant
Reactor coolant heat—————> Steam generator water and steam
A
The steam generator then ri g*s the heat either to the atmosphere

or to the condenser. Q

The concepts of heat sinks and heat sources are useful. For the
first heat transfer path the core is the heat source for the reactor
coolant and the reactor coélant is tﬁe heat sink. When the plant is
tripped the reactor cooiant pump heat becomes a significant heat
source. For the second heat transfer path the reactor coolant is
the i\eat_ source for the steam generétor water and steam and the
steam generator water and steam is the heat sink. The atmosphere and
the condenser are heat sinks for the steam frorp the steam generator.
In some unusual cases the reactor coolant can be colder than the
steam generator fluid; then the steam generator is a heat source

which passes heat to the reactor coolant sink.

Two "kinds" of heat can be transferred to the steam generators:

DATE :
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1. Generated heat which includes RC pump work and nuclear heat
which is the heat made within the core by the fission process;
it includes decay heat
2. Stored Heat - which is the heat of the metal parts of the
reactor coolant system and of E‘ﬁ reactor coolant
L ]
AN
ﬁg:‘b”
When the reactor is oﬂ%‘% 1ng at steédy state and heat removal is
- .balanced the steam generators will remove the nuclear heat and RC
pump heat as it is generated and reactor coolant temperatures will

x not change. In other words the stored heat will étay the same.

If the steam generators remove more heat.than the core is creatiqg
then they will remove both nuclear heat andl stored heat; reactor
coolant temperatures will drOp; Normal cooldown is a condition when
g both nuclear heat and stored heat are being removed within a speci-
fied rate; this is a controlled condition. If the condition is ab-
normal or not controlled then it would be called overcooling and

corrective actions would have to be taken to bring it under control.

On the other hand, if the steam generators remove less heat than the

core is creating then the nuclear heat will increase the amount of

reactor coolant stored heat; reactor coolant temperatures will in-
crease. Heatup from 0% to 15% power illustrates a controlled exam-

ple where the stored heat of the reactor coolant is increased by

DATE: 3-2-81 ’ : PAGE 11
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heat addition from the core nuclear heat and the reactor coolant
pumps. If a condition exists where the reactor coolant temperatures
increase abnormally it is called overheating; corrective actions

would have to be taken to bring overheating under control.

Equations can be  used to}describe‘fhe heat transfer path from the

L ]
core to the steam generators;‘&&ﬁtq the heat transfer is balanced:
. o L
Equation 1) écore = é %‘&r coo‘iant‘ﬁv :
for the heat t;ansfer path from.the
core to the reactor coolant
and
Equation'Z) éreactor coolant =bd steam generator fluid
for the heat transfer path
from the reactor coolant to
- the steam and water in the
secondary side of the

steam generators

Q is heat rate - units are BTU/hr.

When heat transfer is balanced all the way from the core to the
steam generator then Equation 1 equals Equation 2. But when heat
transfer becomes unbalanced then they will not be equal, Iﬁterrup—
tions of the heat transfer path can happen when the reactor coolant
is not a good heat sink for the core (écore # éreactor coolant); or

when the steam generator fluid is not a good heat sink for the

reactor coolant (Qcore * Qgteam generator fluid) -

DATE: 3-2-81 ‘ PAGE 12
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The unbalanced condition of concern for core heat transfer.to the
reactor céolant is when there is not enough heat transfer from the
core to the reactor coolant. This can h#ppen when the core is
partly covered by water and partly by steam or covered completely by

steam; then Qcore # Qreactor c<;g5$ When this happens not enough

nuclear heat can be transfer rom the core to the reactor coolant
and the core w111 heaaayp The stored ‘heat of the fuel clad will

increase which will result in 1ncreased fuel pin temperatures.

When the steam generator heat flow path becomes unbalanced then the
steam generator fluid will remove too much or too little heat from
the reactor coolant and it will be an overcooling or overheating
condition. When this .happens during a transient 6reactor coolant
will incfease  or decrease depending on the heat removal by the
secondary side. The reactor coolant temperatures will change in
order that temperature (thermal) equilibrium can be re—established
between the primary and secondary side fluids. To show the effects
Equations liand 2:can be written to add temperature terms:

. 3
Equation 1 (Q.ore = Qrc¢) can be written as:

Equation la Qcore = MrcCPre(Th~Tc)

where: M_. = reactor coolant system mass flow rate
(lbm/hr)

Cppe = specific heat capacity of the reactor
coolant (BTU/1bm~F)

Ty, = core inlet temperature (F)

=
]

core inlet temperature (F)

DATE :
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Equation 2 (6rc =-ng) can be expanded as follows:

Equation 2a: ng = UAAT

where: U = overall heat transfer coefficient
A = total area of heat transfer surf.
AT = temperg qfskdifferential across the heat

trangfg¥ boundary
Overall heat transfer éstéicient" is_ dependent on many' factors
including the fluid conditions (primarily density>and flowrate) on
both sides of the' boundary and the properties of the boundary
(primarily the thickness and thermal conductivity of the barrier and
éxide layers). For this discussion we <can assume that the
properties of the boundary (steam generator tube walls) remain

constant and therefore can be ignored.

The seconéary side of the steam generator has three different
regions along the tube bundlé during power operation: nucleate
boiling, film boiling, and superheat. Each region has a different
coefficient (U), surface area (A), and temperature differential
across the tube wall (AT). The nucleate boiling region has the
highest U of the three and accounts for approximately 70-85%Z of the
total heat transfer into the steam generator over the power range.
The heat transfer coefficient decreases by a factor of 3-10 in the
film boiling region and again by another factor of 3-10 in the

superheat region.

DATE: 3-7-81 | PAGE 14
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The heat transfer surface areas and T'é i‘nvolved for each of the
three régions vary over the power range with the two boiling regions
accounting for an increasingly higher percentage of the total heat
transfer with increasing power levels. Thus,. ‘to determine the
effects of transients on séconﬁy heat retr;oval during power
operation, the effects in eac.:"o the three regions. along the tube

bundle must be studied. “‘

However, for the purposes of these guidelines, we are primarily
concerned with control of heat removal by the steam generators after
a reactor trip. After trip the steam generatofs are at saturation
conditions with two basic regions, ‘water and saturated steam.
Almost al_l of the heat transfer occurs in the water region and most
of the heat transfer in the water region .occurs in the nucleate
boiling portion below the steam/water interface. Saturated water is
absorbing the latent heat of vaporization and the nucleate boiling
provides a much higher heat transfer coefficvient (v). Belo‘; this
level the water is subcooled with a considerably lower heat transfer
coefficient, although this heat transfer coefficient is still much

higher than exists in the steam space.

Very little heat transfer occurs in the steam space (primary side

temperature can be considered equal to Tpo¢ throughout the steam

DATE:  3-2-81 PAGE 15 )
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space)v. Even though the area‘ is large, the heat transfer coef-
ficient is smali due to low steam flow rates and low density with
respect to the water region. During forced circulation the AT
across the tube walls in the steam space .is also very small as Ty
is close to Tsat of the steam 'E& AT is large? between Ty, and
Tgat during natural cirCullti.§’bu‘t_ t;he heat transfer coefficient is

° ' Bl
even smaller due to the%wer primary flowrates.

The major factors affecting heat transfer in the water region are
surface area and the AT between the primary and secondary sides..
Surface area is increased by increasing feedwater flow to raise
1é_vel. The primary increase in area takes place in the subcooled
water region. Even though most of the heat transfer occurs in the
nucleate boiling region, overall heat transfer is increased because
the area of the steam space (with a very small heat transfer coef-
ficient) is decreased and replaéed by area in the subcooled water

region (with a relatively much larger heat transfer coefficient).

The major ' method of affecti.ng primary to secondary AT is on the
secondary side by varying steam pressure. When steam pressure is de-
creased (e.g., by opening turbine bypass valvés) saturation tempera-
ture also decreases which increases the AT across the tube wall.
The higher AT causes heat transfer (Qgo) to increase thus cooling

the primary side.

DATE : 3-2-81 PAGE 16
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‘Heat transfer can be increased significantly by injecting feedwater

(main or emergency) through the upper nozzles. The increase in heat
transfer is due to two factors. First, and most significant, the

spray of feedwater into the steam space reduces steam pressure simi-

lar to the action of pressurizer _Q:ay. This reduces the saturation
, . o

temperature which increaseso‘g.a transfer as described previously.

Second, where water c%.a ts the tube su"rf(aces in the steam space
the heat transfer coefficient is increased, essentially replacing
steam area with water area as in the case of raising steam generator
level. Emergency feedwater will have a greater cooling effect than

main feedwater through the upper nozzles (for the same flowrate) due

‘to its colder temperature.

Assuming a minimum adequate level is maintained in the steam genera-
tors, variations in steam pfessure will have a greater effect on
heat transfer than variations in level. The best method to decrease
heat transfer is to close the turbine bypass valves and allow the
steam generator pressure to increase. Allowing steam generator
level to decrease will not have an appreciable effect on heat trans-
fer until the level becomes inadequate (too low for maintaining

natural circulation or virtually dry with forced circulation).

DATE:
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In ‘summary, the operator can 'cvontrol primary‘ .to secondary héat
transfer after reactor trip by .co_ntrolling two majof parameters on
the secondary side (assuming the capability of the reactor coolant
to transport core heat to the steam generators remains intact). The
operator can :increase heat transfe&y reducing steam pressure or by
rals1ng steam generator leve He can decrease ‘heat transfer by

allowing the steam gene%%presure to 1ncrease.

FOOTNOTE

Equatioﬁs la and '2a have been simplified to show the general heat
transfer process. To be complete additional heat transfer terms
would have to be included. All of the water that flows through the
reactor coolant system loops does not flow through the core and get
all the way to the steam generators. Some flow is let down to the
makeup system, some goes to the pressurizer sprays and there is some
"leakage" through spaces in the internals. This amount of flow is
small and it has been ignored for these equations. Also, all the
heat of the core does not go to the steam generators; some of it is
lost through the "skin" of the piping to the reactor building or
through the letdown water. But this amount of heat 1is small
compared to the total amount and it has been neglected. Heat is
also added by reactor coolant pumps (as in plant heatup to power
operation), but it is small compared to core heat when the reactor
is at power (but the reactor coolant pumps afe a large heat source

after trip or at low power).
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Control of heat transfer requires control of all the parameters in

these two equations. Some are fixed by design or properties of
fluids; the remainder can be influenced by the operator. The

general methods of heat transfer control are to be discussed next.

Control of Heat Transfer

¢\
‘g:‘b* - _
The preferred way of rdqaﬂ.g heat from the core is to transfer the
heat to the reactor coolant and then transfer the reactor coolant
heat to the secondary fluid in the steam generators. Steam genera-
tor heat removal is controlled by adjusting steam pressure and feed-
water., To keep the core-to-steam generator heat transfer in balance
the heat removal rate from the steam generators must be equal to the
heat generation rate of the core. In order to balance the heat
removal two very basic conditions must be satisfied: 1) There must

be enough liquid reactor coolant in the vessel and piping to trans-

~fer the heat to the steam generators, and 2) the steam generator

pressure and level (feedwater flow rate) must be balanced at the
correct heat removal rate. Figure 1 illustrates these fundamental

methods of heat transfer control.

Figure 1 shows the controls that the operator can use to change heat

transfer.
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The five fundamental methods.of heat transfer

control are:

Reactivity control (core heat output control)

- Reactor pressure control

Reactor inventory control :‘\

Steam generator pres u; control

Steam generator &entory controlﬁ

When an abnormal transient occurs, one or more of these five methods
will be out of control. It is the operator's job to determine which
are, and to make corrections to restore the right heat transfer

balance so the core heat can be removed by the steam generators.

1. Reactivity control - Reactivity control is usually taken care

of automatically by ICS rod control or by reactor trip.
Reactor trip lowers the core heat output to the decay heat
level.

2. Reactor Inventory Control -~ The link between the core and the

steam.generator is the reactor coolant. It is the fluid
which transports the heat. To do its job best the coolant
should be in a liquid state, that is, subcooled. (Discussion
of subcooling is given in Addendum A.)

3. Reactor Pressure Control - The reactor coolant system is

pressurized to keep the reactor coolant in a liquid state.
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4, Steam - Generator Inventory Control - The reactor coolant
transfer_s its heat to the water and the steam in the secondary
side of the steam generator. The water—-steam inventory is the
heat transfer fluid which removes the heat from the reactor
" coolant. 1In order for it to.g?ove heat at the correct rate the
amount of fluid and itS\f‘i ..rat'e through the steam generator

’ [

must be controlled Q"

5. Steam Generator Pressure Control - The water temperature of the
reactor coolant is best controlled by controlling the pressure

of the steam generator. In combination with reactor pressure

Y

" control, steam generator pressure control will maintain the

reactor coolant in a subcooled liquid state.

Each one of these control methods will be discussed individually as

they relate to heat transfer.

Steam Generator Pressure Control

Heat transfer from the reactor coolant to the steam generators goes
to both the steam and water in the generator. After reactor trip
the steam and feedwater in the generator are saturated, and changes
of steaml pressure will cause a direct change in the saturation

temperatures of the steam and of the feedwater. A review of the
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saturated water and steam sections of the ASME Steam Tables will
show how much the steam and water temperatures will be changed by
increasing and decreasing steam pressure. There are situations
where the operator controls the steam pressure by manually increas-
ing or decreasing steam pres§ir¢ g§KPg the turbine bypass valves or

£ .

the atmospheric dump valves, .“‘en-f..ch?‘._-g\steam pressure is lowered the
heat transfer from the‘Q;;ctor cooléﬁf?ﬁo the steam generator in-
cfeases because the steam and water in the steam generator become a
colder heat sink causing more heat to flow away from.the reactor
coolant. Two reasons combine to create the colder heat sink:
first, the saturation temperature of the steam and water is reduced
by lowering the steam pressure which causes the rate of boiloff to
increase. The incre;sed boiloff takes away more heat. Second, the
increased boiloff requires more feedwater flow to be added to main-
tain level. The feedwater inlet temperature is colder than the
water already in the steam generator and so its addition contributes

to the colder sink. Because a colder secondary sink exists the

primary side temperature will drop as heat is tramsferred.

Steam pressure can be lowered in two ways:

- By opening the steam line and releasing steam (turbine bypass,

" steam line break, atmospheric dump valves, steam to EFW pump
turbine driver).

- By spraying Main Feedwater or cold Emergency Feedwater into the
steam space and condensing it. This is similar to the way pres-

surizer pressure is reduced by the pressurizer sprays.
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Steam pressure can aléo increase; but normally it will only increase
from the operating condition .to the reactor trip condition where it
will be limited by the steam safeties or by the turbine bypass val-
ves, so the effect on reactor coolant temperature is small. But if
steam pressure is low because of'f-a&ailure, for example a steam line
break, the change of re c;¥.coolant . temperature could be much
larger. When the stea&;teak is 'isd'lat';e{i'lh.ygf-\;e reactor coolant adds
heat to the generator‘ar.ld causes. the steam pressure to increase.
The operator can limit the increase in reactor coolant temperature
under these conditions by lowering the turbine bypass valve setpoint

and keeping steam pressure low.

Steam Generator Inventory Control

Heat transfer from the reactor coolant goes to both the steam and
the feedwater in the secondary side of the steam generators. When
changes of feedwater flow or steam pressure occur the volumes occu-

pied by the steam or water will change and the heat transfer will

change. For example, when the volume of water increases, it occu-~ .

pies space formerly occupied by steam, so the mass of steam has to

decrease. This changes the relative amount of OTSG tube surface

area covered by water and steam. Because water has a greater heat

capacity than steam does it is a better heat sink for heat transfer

from the reactor coolant than steam is. Simply stated there are
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more pounds of water in a cubic foot to absorb heat than there are

of steam. If the water inventory increases then the generator will

become a better heat sink for the reactor coolant, but if the water
inventory decreases or is lost the generator will lose some or all
of its ability to absorb heat from‘%e reactor coolant.

. [ ]

X :

o‘b

. ‘ . .
For example, . after trig)when the core heat is nearly constant, if
the water level in the steam generator is raised rapidly without
changing steam pressure, the reactor coolant temperature will drop
and stay low until the feedwater addition reaches a new level and
\

that level is held. Once the new level is fixed the reactor coolant

will reheat and temperatures will return to their former values.

This cooling effect of feedwa‘te_r is caused by the i.niet feedwater
temperature which is colder than the general temperature of the bulk
of the fluid in the steam generatorv. The inlet bfeedwater tempera-
ture allows a colder heat sink to be established in the steam

generator.

The steam generator level can, however, be increased slowly after
trip without a large drop of reactor coolant temperature by con-

trolling the rate of addition of feedwater.
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Too much inventory can also be the result of overfeeding with the-
Emergency Feedwater System. Even though its flow rate is lower,
Emergency Feedwater will have a pr.oport:ionally larger cooling effect
on reactor coolant than main feedwater because:

\

e ®
a) it comes on when the .Q’@Bpr‘ is tripped and core heat is
. . -
lowest, Q
b) it is colder (Tjpnlet Feedwater 1S less), and
¢) it has a steam pressure reduction effect that main feedwater
does not normally have (main feedwater will cause some pres-
sure reduction when it enters through the upper nozzles

following a loss of reactor coolant pumps).

On the other hand, if steam generator inventory is too low (insuffi-
cient feedwater or loss of feedwater can lower the water level), the
reduced‘heat sink will not allow the reactor coolant to transfer all
of its heat to the steam generator. When the steam generator's heat
sink is reduced, the reactor coolant must retain more of the core

heat and it will heat up.

For example, if all feedwater is lost, the water in the generator
will boil away and only steam will remain to remove heat. But
because the steam does not have enough heat capacity, the reactor

coolant must retain the core heat and the reactor coolant
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temperatures will inérease. When all féedwater is lost the reactor
coolant pressure.will increase to the PORV setpoint and the reactor
coolant will eventually become saturated as the core continues to
add heat. The steam remaining in the generator will flow out
through the steam lines andi;steﬁf&\pressure will drop; loss of the
steam eliminatés the heat sié‘b& fhg steam generators altogether.
%’
Finally, another part of steam generator inventory control is feed-
water temperature. The heat sink of the genéfators will be affected
by an abnormally low feedwater temperature. A reduction of feed-
water heating steam or loss of a feedwater heater will cause reactor
coolant temperature to decrease. Usually ICS operation will stabi-
lize the plant, but the decreased feed. temperature will cause a
pe change in the heat sink and an increase of heat transfer from the

reactor coolant.

The operator should ensure the rate of feedwater addition is control-

led properly to maintain the steam generator inventory. Level
measurements in the steam generator downcomer give a good indication

of the steam generator inventory for control.

Reactor Coolant Inventory Control

Reactor coolant heat transfer can be affected by changes in the
amount of mass of fluid in the reactor coolant system or by changes

in the density of the reactor coolant.
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Several ways exist to vary the mass of reactor coolant: LOCA or’

small break, and changes in HPI or makeup, RC pump seal injection,

seal return, and letdown. Several ways also exist to vary the den-

sity of the reactor coolant. As shown by the previous discussions.

of steam generator pressure; .an E&yentory control, changes of the
rate of heat transfer f£fro 53’?{ Eeactpr coolant to the steam gener—
ator can cause the réQ;ZOr coolaggfﬂgé” cool down when the steam
generators remove too much heat (low steam pressure, too much feed-
water); or the reactor coolant can heat up when the steam generators
don't remove enough heat (not enough feedwater). These effects

cause density changes in the reactor coolant; the coolant contracts

or expands accordingly.

Regardless of the cause, changes in inventory in the reactor coolant

system have two effects:

1) A loss of mass can affect the ability of the reactor coolant to
transport heat from the core to the steam generators. If the RC
pumps are not running steam can collect in the hot legs and
block natural circulation. When circulation stops and heat
transport stops then the steam generétor temperature will not

"set" the temperature of the reactor coolant; T.,1q Will not

change when Tga¢-gg changes.
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If the mass of the reactor coolant system continues to decrease
and the core is mostly covered by steam it will not provide a
sufficient heat sink and the core will retain the heat and heat-

up. Fuel failures can result if the reactor coolant pumps are

.\X:

2) A change of mass m&ity can affect the ability of the pres-

not running.

surizer to provide pressure control of the reactor coolant
‘system (this will be discussed next under Reactor Coolant Pres-

" sure Control).

‘Operator contfol of reactor‘coolant inventory requires the ability
to balance mass increases or decreases by adding water with makeup
E or ECCS systems or removing mass with the letdown. Control of re-
actor coolant density changes requires confrol of the steam genera-

tor pressure and inventory.

The inventory of the reactor coolant system cannot be measured
directly. But the opertor has two indications to determine if the
inventory is sufficient for core cooling. Pressurizer level is an

accurate measure of the inventory when the reactor coolant is sub-
cooled (except for a rare possibility when free hydrogen gas may
exist in the loops; this condition will only likelf exist after fuel

failures caused by uncovering of the core). The other measure is
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the incore thermocouples; if these read subcooled or saturation
temperature then enough mass exists in the reactor vessel to cover
and cool the core., But the incore thermocouples will not show if

the loops are full.

Reactor Coolant Pressure Cont
' ‘Q‘-itj _’n!$

A

Reactor coolant pressure contfol is required to keep the reactor
coolant subcooled so the coolant is in the best state to transfer
the heat from the core to the steam generators. For all cases of
reactor operation except LOCA's, RCS pressure contol is proVi&ed by
the pressurizer. (Reactor coolant pressure control is different for
LOCA's and small breaks than for other plant ;onditions. It is dis~
cussed in detail in Appendix F.) Use of pressufizer heaters and
spray 1is the usual way of increasing and decreasing RCS pressure
when a steam and water interface exists in the pressurizer. The pur-—
pose of the heaters is to maintain the reactor coolant in a subcool-
ed condition; the spray retards pressure increases to limit opera-
tion of the pressurizer relief and safeﬁy valves. Neither the

heaters or spray have enough capacity to prevent large abrupt pres-
sure chahges, but they can moderate small changes. As a backup the
PORV can be used to reduce pressure but it is not as desirable to

use as the spray.
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RCS pressure contol by the pressurizer can be lost in two ways:

1) The steam-water interface in the presurizer can be lost
either by draining the pressurizer or if the pressurizer
fills solid with water : :‘\

2) The heaters and spray ﬁh\.ﬂ. o

\) o

Each of these is discussed below.

Draining the Pressurizer: If the  pressurizer drains the heaters
cannot provide pressure control because no water is available to be

boiled by the heaters to create steam.

Whén the pressurizer‘drains the reactor coolant system pressure will
immediately drop to the saturation pressure of the reactor coolant
in the hot leg. Pressure control will then be controlled indirectly
by the steam generator (the steam genérator sets the reactor coolant
loop hot and cold leg temperatures). Since the hot leg is at the
highest temperature the rea;tor coolant in the hot leg will flash to

steam. In effect the hot leg will become a pressurizer. )
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Filling the Pressurizer:
Spray depressurizes the reactor coolant system by condensing the
steam in the pressurizer. If the pressurizer fills with water the

spray cannot be effective for depressurizing, because the steam

R A
RO

When the pressurizer fﬂagsg the réaé;pq coolant system may or may

space is lost.

not lose subcooling and become saturated depending on what caused it

to fill. 1If the filling was caused by HPI or makeup and the steam
generator is still removing heat, then the RCS will stay subcooled
because the makeup (HPI) pumps will cause the pressure to stay at

the PORV setpoint and the steam generator will keep the temperature

‘controlled., If the filling was caused by heatup and swell because

the steam generators were not removing enough heat then the system
may become saturated because the heat from the core will only go

into the reactér coolant and not out the steam generators.

When the pressurizer fills, either because of heating the reactor
coolant or because of too much HPI, the water will be lost through
the pressurizer valves. This loss is considered to be a LOCA, even

if the action was deliberately done.
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Failure of Heaters and Spray:

A failure of the spray and heaters in the pressurizer control system
can also cause a lossvof pressure control. If the spray féils and
cannot be turned off the system will depressurize. Depressurization
may also occur if the heaters‘fail ip the "off" mode. The reverse is
not true; failure of the spray, Lﬁ‘gbe "off" mode will only limit the
ability to depressurize. dsaéss sometﬁing'else happens to the plant,
pressure increases and decreases will not occur. If the heaters fail
"on'"" pressure increases will not occur because the spray will operate
to provide a balance. However, if the spray is not working then the
heaters can cause the system to pressu;ize and cause coolant (steam)

to be lost from the pressurizer relief valves; subcooling will not be

lost as long as water covers the heaters. When only steam covers the

‘heaters they will no longer raise pressure and subcooling can

gradually drop. If the heaters fail "on" when they are uncovered, no

water exists to cool them and they will burn out.

Reactivity Control

Reactivity control is usually taken care of automatically by ICS rod
control or by reactor trip. Reactor trip lowers the core heat output
to the decay heat level. The operator must verify rod insertion and

decreasing reactor power to ensure the reactivity control systems
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function propérly. After the trip no more heat transfer ;:ontrol can
be achieved by use of the rods, unless the rods did not fully insert.
If one or moré rods are stuck out after trip the operator should
manually trip them. If one or more rods remain stuck out the

operator should begin emergency b®ation and a reactivity balance
il o

B

. ) ') : o, .
calculation should be performg‘to,_ensu;e a shutdown margin in excess

oo

of 1% Ak/k is achieved. Q. '

Summarz

The preceding discussion introduced the concept of reactor—stéam
generator ﬁeat transfer and the balance that heat transfer must have.
When an imbalance of heat transfer occurs, its effects will often be
transmitted throughout the ‘steam and. reactor coolant systems. The
purpose of understanding heat transfer is to understand its effects
so‘ the operator can step in and diagnose what has gone wrong and
correct it. An understanding of the major influence of reactor-steam
genefator heat transfer control (reactor inventory control, reactor
pressure control, steam generator pressure control, steam generator
inventory control, and reactivity control) will allow the operator to
focus on achieving controlled heat transfer and stable plant
conditions without necessitating the identificétion of specific
failures. Thus, an understanding of the principles of heat transfer
and ' the control methods permits a more disciplined approach to

abnormal transient diagnosis and correction,
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The effects of changing one of the controls will nearly always cause
changes in other parts of the‘system and therefore will require other
controls to be changed to balance heat transfer. The controls are

interdependent because they affect total heat transfer from core to

<\
QO

. . [ ]
The core cooling with f% gteam generator can occur as long as two

steam outlet.

things exist:

- The reactor coolant can transport the heat. The best way
to do this is with subcooled liquid.  Reactor Coolant In-
ventory and Pressure Control contribute towards this.

- The heat removal is controlled by the steam generator..
Steam Generator Inventory Control and Pressure Control aid

this.

Usually an abnormal transient will be caused by a failure of one or
more of the heat transfer controls. The understanding of the con-
trol influences allows the operator the freedom of two approaches to

abnormal transient correction:

1. He can treat the symptoms by maniphlating equipment to regain
heat transfer control without knowing exactly which equipment
has failed. Consequently, proper heat transfervcan be restored
quicker and more accurately than if the operator had to hunt for
the equipment failure. 1In some instances, treating the symptoms

will also uncover the failed equipment.
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2. He can use these control _failures as symptoms of poor heat
transfer to discover the eqﬁipmént that has failed and by
doing so, isolate it, remove it from service, or repair the
e‘quipment.
oY .
Understanding the influenc.%ﬁg-n, of t'_}i"es‘eﬁf‘_cqntrols have on overall
heat transfer will also &ve an underv:st:.‘a'ndingof what the outcome of
an action is. All operator actions will have some consequence to

heat transfer and a knowledge of the heat transfer will allow

judgements to be made about the general effects.

Table 1 is a summary of the previous discussion. Like all summar-
ies, material has been condensed. When that happens, information has

been left out. The table should only be used to provide an overview.

The next section builds on the information about heat transfer and
extends those principles into a disciplined approach to accident

diagnosis and recovery.
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ADDENDUM A

(SUBCOOLED, SATURATED, SUPERHEATED WATER)

The state (solid, liquid or gas phase) of the water in the reactor coolant

system or the steam system is determined by the pressure and temperature

conditions which exist. The terms sub®oled, saturated, and superheated
: [ J

. . a © .
are normally used within operat%% procedures. These terms mean the

following: Q.

Subcooled: Water can exist only. in the liquid phase.
Saturated: If heat is added to subcooled water a temperature,

for the existing pressure, will be reached where the

water can exist either as a liquid or as a gas
.(steam). At this point; the liquid is called satu-
ated water and the gas 1is  called saturated steam.
The 1liquid and steam phases both can exist at this
temperature and pressure. Heat must be added to satu-
rated water to change it to saturated steam. Heat |
.can also be .removed from saturated steam to change it
to saturated water. The heat required to make the _ !
change is called the latent heat of vaporization for
heat added and the latent heat of condensation for ‘
heat removed.

Superheated: Water can exist only in a gaseous or steam phase.
This phase can be distinguished from saturated con-
ditions because the temperyature will be higher than

the saturation temperature for the existing pressure.
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The normal state of the steam coming out of the steam generator is

superheated during power operation and saturated after trip.

The state of the reactor coolant can be determined by watching the RCS

pressure and temperature on a pressurefﬁfhp rature diagram (see below):

o+
‘. e
: - y
[ J . L
w7

SUBCOOLED

SATURATION LINE

. SUPERHEATED

T ———p

P-T conditions which are to the left and above the saturation line are in
‘the subcooled region, -and P-T conditions to the right and below the satura-

tion line are in the superheated region.

Subcooling

Subcooled conditions are maintained in the reactor coolant (except
pressurizer) during normal operation. During a reactor transient it is

desirable to maintain the reactor coolant subcooled. When subcooled:
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1. The primary loopé vare solid water aﬁd a water level is present
within the pressurizer.

2. The pressurizer water level is a true measurement of RCS inventory.
(NOTE: Alvery special case can exist when the reactor coolant is
‘subcooled and a water level is inﬂle pressurizer but the loops are
not full. 1In that case preé‘?glzer level is not a true measurement
of mventory. That c%l%mn is when there is a large amount of
free gases in the loop. Thg gases will be mostly H,, that have
been created after a large amount of fuel failure. Since this
would be an uncommon event, reliance on pressurizer level is usu-
ally acceptable when the reactor coolant is subcooled.)

The reactor coolént is liquid and is ideal for_hgat removal from
the core and heat'transport to the steam generator by either‘forcéd
or natural circulatidn.

4, RC pressure can be maintained by thevpressurizer and can be regu-
lated by using normal procedures and equipmént (spray, heaters, and.
regulation of pressufizer level by the MU and/or HPI system and
letdown).

5. RC temperature can be controlled by the secondary system (with feed-
water available) and can be regulated by adjusting feedwéter flow

and steam pressure,

Subcooling should be checked in all parts of the loop especially when natu-
ral circulation is removing heat. The operator should check Ty, and
Toold in both loops and the core exit thermocouples. Anytime subcooling

is lost the HPI system should be turned on full.

DATE: 3-2-81 , -PAGE 40

l 3




BWNP-20007 (6-76)

BABCOCK & WILCOX | L e

NUCLEAR POWER GENERATION DIVISION

TECHNICAL DOCUMENT I - | 76-1123298-00

HPI Subcooling Rule: Two HPI pumps should be run -

at full capacity when:
® The ES is actuated and the HPI is auto-~
matically started.

® The reactor coolanq3s%:c led margin is lost

L]
and the HPI is qﬁ‘f&yésgépted.

NOTE: All three HPI pumps start on automatic
initiation but only two are required.
Therefore, if all three are operating
properly, the operator should secure
one of the HPI pumps supplying train 'A’
(preferably the 'B' pump).

Saturation
A loss of subcooling can happen when the pressurizer drains or is filled
solid (if the pressurizer is solid because of HPI and cooling is by the.
steam generators then the Reactor Coolant can stay subcooled). A loss of
subcooling can be caused by an overheating or overcooling transient or a
loss of reactor coolant. Saturated conditions can exist in isolated
pockets’ of the loop (i.e., within ome or both hot leg pipes and not in
cold leg pipes) or within the sfstem as a whole, as would be the case dur-
ing a major LOCA. Therefore, temperatures should be checked in the hot

- and cold legs of both loops. When.the RCS 1s saturated:

1. The reactor coolant temperature and pressure will not show

whether the saturated fluid is liquid or gas (steam).

D) .
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2. Voidé‘ (steam bubbles or éockets) can exist within the primary
system. |
3. The pressurizer water level indication is not a true measurement of
reactor coolant inventory.
4, If the RC pumps are off a loss&f natural circulation may occur
because steam voids can f%ﬂb:a ‘the top of the hot leg and block

.

water flow. _ %

5. Normal pressure control by ‘the pressﬁrizer has been lost. The RCS
hot leg loops, which have a steam bubble at the top, now work as a
pressurizer. RC pressure will be controlled by the amount of steam

~in the loops. The amount of steam can change because of steam con-
densation by the steam generators, by addition of cold HPI water,

or by loss of steam generator heat removal.

Under ideal conditions subcooling should exist in all parts of the reactor
coolant loop to be able to transport heat from the core to the steam gener-
ators. However, given the proper conditions, the steam generators can |

remove heat when the reactor coolant is saturated.

For all events, exdépt a LOCA or a total loss of secondary fluid, satu-
rated cdnditions éhould be a temporary effect. For example, 1if steam
generator overcoolingv causes the pressurizer to drain, saturation will
occur, but HPI will s;art and restore the reactor coolant to a subcooled

state.
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* Superheating

Suﬁerheated reactor coolant conditions are to the right and below the satu-
ration line of the P-T diagram. Superheated steam results when the core
is uncovered. Heat from the.core is passed to the‘steém and its tempera-
ture rises above saturation. Wpen;the fﬁector coolant.is superheated the
core is cooled by steam. Steam éé‘p?;ur?move enough heat to prevent the

core and clad from heating w Fuel"f:'a?il'ru;'é may result. Superheated

steam indicates Inadequate Core Cooling (ICC).

The only accurate measure of temperature is the incore thermocouples, and

they should be used along with hot leg pressure to determine the amount of

superheating.
Indequate Core Cooling Rule: Anytime super-
heated conditions exist the procedures for
Inadequate Core Cooling must be used. See
"Backup Cooling Methods" section for a dis-
cussion of Inadequate Core Cooling.
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ADDENDUM B

NATURAL CIRCULATION.

When the reactor coolant pumps are tripped forced circulation is lost and
an alternate method of removing core decay heat must be found. The pre-
ferred method is to transport this hed %0® the steam generators by natural
circulation of the reactor coo.wt. Natut:31 Icirculation is possible as
long as the following reqﬁirements are met: i) a heat source is available
to produce war@ (low density) water; 2) a heat sink is available to pro-
duce cold (high density) water; 3) a flow path (loop) is available con-
necting the warm and cold water; and 4) the cold water is at a higher
elevation thén the warm water. Requirements 1, 2 and 3 aré met by the

following: decay heat in the core 1is the heat source, water on the

secondary side of the steam generators provides a heat sink, and the hot

and cold legs connect the two. Requirement &4, "the cold water is above
the warm water," involves a concept called thermal center. In reality
heat is transferred continuously as the water moves up through the core
and again as it moves down through the -steam generator. The thermal
center is the point in the core or the ste;m generator where the primary
water is at average temperature. It can be used to represent the entire

column of water in its '"average" conditionms.

Thermal Center Definition

1. Core thermal center: That elevation in the core which the coolant

may be considered to go from T.o14 to Thor-
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2. Steam generator thermal center: That elevation in the steam gener-

ator at which the coolant may be considered to go from Tpoe to

Teold:

Reduiremgnt 4 for natural circulation cd be met if the thermal center of -
the steam generator is at a hi h%ﬂ?éﬁgvé;ion than the thermal center of
‘the core. This will put the‘aﬁzerage" coiauwater above the "average" hot
water, the cold water (more dense) will sink, the hot water (less dense)

will rise and there will be circulation.

The rate of natural circulation (gpm) depends on the following things:

e The friction (resistance to flow) of the piping and components
around the primary loops: this is determined when the plant 1is
designed and built; the operator has no control over it.

e The strength of the heatv source: this depends on the available
decay heat, which is a function of past power history and time
since the reactor trip. It will, of course, decreasé with time
after trip. The operator has no control of this after trip except
to make sure the reactor_is shut down so that the only heat input
is decay heat.

e The strength of the heat sink: the colder the heat sink is the
more it will be able to cool the primary coolant passing through
the steam generator. This will make the water more dense and the
natural circulation flowrate will increase. The operator can make

the heat sink colder by 1) lowering secondary steam
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pressure (opening the turlbine .bypass or ADV's more), this will
lower secondary sa.turation temperat.ure which will increase heat
transfer across the tubes; or 2) lower feedwater temperature (for
example, shift from main feedwater to emergency feedwater), this
,w111 increase the heat transf§ “cross the tubes by prov1dmg a
larger prlmary to seconda °¥

e Difference in height %ween‘ the c;)re thermal center and the steam
generator thé.rmal center: The larger this difference is the more
imbalance will exist between  the high cold water and the lower hot
water and more natural circulatidn' flow will result. The core
thermal center is fixed, but the operator can control the steam
generator thermal center by two methods: 1)‘most of the heat trans-
fer occurs in the violent boiling area just below the'established
secondary side water level. Therefore, the operator can raise the
thermal center by raising the steam generator water level; 2) the
operator can add FW through the EFW nozzles at the top of the gener-
ator. This will put feedwater high in the generator and thereby
raise the average height (thermal center) of heat . removal. This
only works while FW is being added. 1If FW is stopped, the thermai

center will move back down to just below the water level.

In summary, the natural circulation floﬁate can be changed by changing
the difference in temperatu.re (density) between the hot water and the cold
water or, changing the difference in height between the 'core thermal
_center and steam generator thermal center. This can be expressed in equa-

tion form as:
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APyriving head = heff (Pc = op)
where: Apdriving head = available driving head for natural
circulation
hefg = distance between core thermal center and steam

generator therﬁl center (effective height)
o L .

Pe = density of .&.d water at steam generator thermal
ce%r
pg = density of hot water at core thermal center

This is shown graphically in Figure 2.

Natural Circulation (All Other Conditions Normal)

When bthe reactor coolant pumps are tripped the operator should check two
things to make sure natural circulation is being initiated properly.
First he should make sure the reactor coolant remains subcooled. If it
does not he should make every effort to restore subcooling (the methods
for doing this are discussed in th.e accident mitigation chapter of these
gudielines). Second, he should make sure the thermal center is being
raised in both steam generators. Normally automatic equipment will
transfer MFW injection to the upper nozzles and increase level to 50% on
the operating range of each steam generatof when the RC pumps trip. The

operator should monitor this process while keeping the following in mind:
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As long as MFW is flowiﬁg at sufficiently high rates into the top
of the generrator it is not necessary to get a level in the genera-
tor to have natural circulation. If the heat source (decay heat
is)‘ is high enough, the MFW may come in and boil right olff and go
out as steam. This 1is accéptaﬁlA the thermal center is high and

natural circulation will dezwp.-ﬂ o

: . . . ‘ - . . . . .
If MFW is not avallab% natural circulation can be initiated using

emergency feedwater. Again, the level will be raised automatically
to 50%Z on the operating range when the RC pumps are tripped.

With two EFW pumps running or with low decay heat 1levels it is
likely that the reactor coolant wiil be overcooled and could drain
the pressurizer. If the pressurizer drains subcooling will be
lost. As was pointed out in the heat transfer chapter, this will
not happen if the rate of EFW flow is limited. The operator can do
this by throttling EFW flow. After initiation of EFW the operator
should watch steam pressure, pressurizer level, and cold leg temper-
étures. If necessary EFW should -be throttled. Guidelines for

throttling EFW are discussed in the Best Methods Section.

Ideally, main feedwater is best used for natural circulation if MFW
and the associated controls in the iCS are available. MFW can be
injected through the upper nozzles to establish a highef thermal
center (while flow exists) with less likelihood of overcooling than

is possible with colder EFW.
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Figure 3 shows how RCS tempefature .and pressure, and steam generator
temperature'and pressure will vary during the transition to natural
circulation using EFW. Approximate times for the transient are also
included. The times are approximate because the rate ofi recovery of

‘the steam pressure depends on the amwt of decay heat available. When ,
steady state is reached, the co%o&; températurés (Teo14) will be just
about equal to the satura%'a&.empéﬁétﬁ;:é in the stea;n generators. The
hot leg temperatures will increase as‘(;.ne<:‘e'lssary to develop the driving
head required for flow (by developing a density change betweeﬁ Ty, and
Tc). The best méasure to use to see if natural circulation has started
is the coupling between T. and the steam generator temperatufe‘ and the
temperature difference between T, and T,. When botﬁ Th and T, are sub- ..
cooled, they should fo_llow steam generator Tg,s when it changes; the
temperature difference between Ty and T, should not exceed 50F. If T, :
“only is subcooled and T, is saturated, natural circulation characteris-
tics should be the same as if they are both subcooled. Once natural
circulation is established and the higher steam generator levels are
reached the operator must ensure feedwater is available to replace the
steam genefator water being boiled off removing decay heat and to
maintain the RCS subcooled. Transition to natural circulation using MFW
will look very similar. The major difference would be slightly less

primary system cooldown (with the same feedwater flow rates) while the

SG levels are being established due to higher temperature feedwater.
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Natural circulation flow will regulate itself. That is, as the heat
source (decay heat) dies down the AT (T, - Tc) will go down and there

will be less driving head available; therefore, flow will go down.

Natural Circulation - Abnormal dpe‘ﬁ
[ J

The discussion so far conceqqgf xpected-of normal natural circulation
conditions. That is,_ th&;{CS is subcooled, thé level in both steam
generators 1is 507 on the operafe range and both steam generators are
being steamed. This section will discuss off normal conditions:

1) natural circulation with one OTSG, 2) natural circulation with satu-

rated RCS, and 3) recognition of loss of natural circulation.

. One OTSG There may be times when an operator does not want to steam a

generator (OTSG tube leak) or cannot steam a geﬁerator (steam line

break - and isolated generator is dry). If he is also in natural

circulation he can expect the following:
Thot On both loops will be about equal; T.514 on. the operating gen-—
erator will be equal to T;at in the operating steam generator;
Teold in the isolated generator will not be equal to Tgay in the
isolated generator, it will probably be much colder being influenc-
ed by seal injection water temperature coming into the idle pumps;
(Tp~Tc) on the operating steam gemerator should be less thaﬁ 50F
(the level in the operating steam generator méy have to be raised

above 50% to keep the AT below 50F). Steady state operation under
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these conditions is stable and safe. Plant cooldown, however, is
éomplicated because the cooldown of the loop with the isolated
steam generator will lag behind the steaming steam generator. If
there is water in the isolated steam generator it will become a
heat source instead of a heat siw& In fact, the isolated genera-

) [ ]
tor may add enough heat to s‘ggithe reactor coolant in its hot leg
to flash to steam. ‘]Q.&S hap’pertl:é‘;i.,z.that hot leg will act as a
pressurizer and slow down the depre.s\'surization during cooldown.
This will also slow down the cooldown rate. The opefator tﬁust care-
fully watch subcooling in both loops under these conditions and
make suré adequate margin is maintained by regulating the rate of

cooldown with steam pressure control of the operating steam

generator.

Natural Circulation with a Saturated RCS

A subcooled reactor coolant system is the desired state, however, natu-
ral circulation can remove core heat when the RCS is saturated. As long

as the four requirements for natural circulation are met heat will be

removed 'from the core and transferred to the steam generator. The

problem with saturated natural circulation is that the operator doesn't
know how much of the reactor coolant is steam and how much is water '
(see discussion of saturation in Addendum A). If the RCS is losing in-

ventory steam will form in the hot legs and eventually stop natural
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circulation flow (this is a violation for the requirement that a flow

path exists connecting the hot water and the cold water¥).

*This could also be violated by a large collection of non-condensible
gases in top of the hot legs, howevez‘\such a collection could only
: [ ]

exist following a core uncovery."A that point the operator would

be using inadequate core %)‘1 ng procedures.

Another form of natural circulation could still exist under these con-
ditions .called reflux boi_ling (boiling in the core and condensing in
the steam generator) but it requires a higher steam generator level
(95% on operator range). This method is discussed in detail in the

Backup Cooling Methods of these guidelines.
The point to remember is that primary inventory (mass) is unknown under
saturated conditions and therefore, every effort should be made to keep

the RCS subcooled.

Recognition of Loss of Natural Circulation

Loss of natural circulation has different symptoms‘depending on the

cause. First, if the thermal center in the steam generator drops -

(level too low or even dry OTSG), Tyot Will go into a continuous in-
crease as decay heat is added to the water. In the second case flow is

blocked (either by a steam bubble or non-condensible gases in the top
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of the hot legs). This time Tyo¢ Will remain constant buf.' Teold Will
drop below Tg,¢ in .the steam generator as seal injection water is added
to the cold legs. 1In either case, the result is a large (greater than
50F) AT and a loss of heat transfer across the steam generator. If
there is any doubt in the ogé';g;o{f\mind he should cﬁeck the incore
thermocouple readings. An g&‘._agé f‘_?f five incore thermocouples
tracking closel.y with %:t will verlfy that there 1is natufal
circulation flow. .Methods of treating loss of natural circulation are

discussed in the Backup Cooling Methods of these guidelines.
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B. USE OF THE P-T DIAGRAM

Introduction

|
NUMBER ‘
|
|

The previous chapter provided the fundamentals of reactor heat trans-
fer contrql and also presented information about natural circulation,
subcooling, saturation and supefheﬁng. These basics are the back-
ground information needed to.wén‘ose transients and follow through

. ) ‘e .
with the correct oper%r actions., This chapter builds on that

is the reactor coolant pressure-temperature diagram (P-T) which is
used to show how changes of heat transfer affect plant operation.
Examples of reactor coolant system pressure and temperature response
for normal trips are shown; the response is also shown for a few
selected abnormal events. These examples will show the difference

between transients which 'go as expected" and those which have

several failures.

|
|
|
|

information.

The foundation for abnormal transient diagnosis and operator action

The P-T diagram is used to identify an accident "type". There are

two general '"types" of transients which cause the core to steam

generator heat transfer to be abnormal : Overheating (not enough heat

removal), and overcooling (too much heat removal). Changes of the

amount of subcooling can also occur for a number of reasons. The P-T

diagram can be used to find out in general what may be wrong and can
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be used to narrow down the .number of possible failures. Obseriiling
thé P;T diagram ié the first step for aBnormal ‘transient diagnosis;
the second step is to observe a few pertinent parameters associated
with the "type" of accident to narrow down the possible failures.

A

The P-T diagram will be used *&nitot actions taken by the operator
to ‘see if they are prod%&the right effects. When equipment fail-
ures cannot be found or cannot be fixed the P-T diagram can be used

to follow the effects of operator corrections as the plant is steered

toward the best possible condition.

The diagram may also be used to find out if the plant has stabilized

after an accident has been corrected.

Description of the P-T Diagram

Figure 8 shows the P-T diagram with information pertinent to normal
power operation. The features of plant power operation that this dia-
gram shows include the saturation line which applies to both primary
and secondary water and steam conditions. Above the .satur‘ation line
is .the subcooled water region; below it 1is the superheated steam

region.

The reactor coolant information displayed also shows the RPS trip
envelope. A small window shows the expected normal reactor power

operation point. This point is based on Tpoy leg; if Teo1d 1eg Were
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shown oﬁ.the figure it would be to the left. The size of the window
is based on an expected approximate instrument error and also an
allowaﬁce from the desired setting due to ICS control of minor plant
_vériations. Actual "normal" power operation could be anywhere within
this. window and be acceptable. gﬁig window is a '"moving" window
because T,y Will change as&%‘r power goes up and down.
\)

Steam generator outlet pressure is shown as a line crossing the satu-
ration line, and steam generator outlet temperature 'is also shown.
Thg point where these two lines cross in the superheat region is the
"normal" steam.outlet operating point at power. The amount of super=-
heat is shown as the difference bétween the saturation ﬁemperature
(where the.stemn pressure line meets the saturatién curve) and the
steam opérating temperature. The amount ofl superheat will change
when the power level changes. v(Note: In an actual P-T display,
superheat will only be shown if steam temperature is measured. If
steam température is calculated for steam pressure it will always

show saturation temperature even at power.)

. Figure 9‘§hows a P-T diagram for post-trip conditions. Most of the
features of Figure 8 are also shown on Figure 9. The important dif-
ferences between Figures 8 and 9 is a 1iné that shows the subcooling
margin from the saturation curve. This subcooling margin line is

only to be used to gauge the condition of the reactor coolant and not
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| the sﬁeam: generator fluid. Because the . reactor coolant conditions
around the loop can be different and because the conditions an be dif-
ferent from one loop to the other this line must be compared to
reactor coolant pressures and temperatures in the hot and cold legs
of both loops. The amount of subcagting margin was chosen baéed on
. S N
the ability to accurately hew& -the reactor coolant temperatures
. o %Y.
and pressures (instfume%‘&rors)‘ durmg degraded reactor building
envirohmental conditions (LOCA or SLﬁj. It also includes a 5F "mar-
"

gin" to give assurance that the reactor coolant  is truly subcooled

and has the ability to move the heat from the core to the generator.

If the subcooling margin is lost, the assumption should be made that
subcooling has been lost. The subcooling rule that was given in

-Addendum A should be invoked (it is repeated here):

HPI Subcooling Rule

Two HPI Pumps shouid be run at full capacity when:
The ES is actuated and the HPI is automatically
started.
The reactor coolant subcooled margin is lost and the

HPI is manually started.

NOTE: All three HPI pumps start on automatic initiation but
only two are required. Therefore, if all three are
operating properly, the operator should secure one of
the HPI pumps supplying Train 'A' (preferably the 'B'
pump) . '
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The P-T curves can also be used to monitor and control HPI and RC

pump opefati’on. When HPI is initiated it can only be  throttled when

the allowable subcooling margin is regained; In general, if the RC

pumps have been tripped they can be restarted anytime the subcooling

margin is regained and OTéG lev I&ists. Exact details .of HPI and

RC pﬁmp control aré give&%.th\é rchapter calledb"Best Methods for
[ J . ’ ’

Equipment Operation'. %

Figure 9 also shows a '"post trip" operating window. This window has
been drawn to vshow where the reactor coolant pressure and temperature
should end up after reactor and turbine trip. The size of the window
has been compiled froﬁn a review of several actual reactorv"trips (plus
compﬁter simulations) with and without ‘equipment failures; its size
is not exact and it is possible for a trip (with minor failures) to
end slightly outside the window and still have a stable plant. Some
judgement will have to be applied. However, this window gives a good
"first" basis for determi.ning if the plant is operating correctly"
after a trip. If the reactor coolant system pressure and temperature
move outside the window after trip and do not return in a fairly
short time (about 2 to 3 minutes) then an abnormal transient is under-
way and operator correctix)e actions are needed. A review of other
plant readouts may be required to find out the exact cause. After
the corrective actions have been taken the plant will be stabilized
and the stable pdint can be inside or outside of the window (Criteria
for plant stability are given in the chapter entitled, "Post Accident

Stability Determination™.).
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An abnormal transient 1is also indicated by the steam pressure and

steam saturation temperature lines. Generally if steam pressure

falls below 960 psig after trip, some failure has occurred and the
operator should begin a diagnosis of the plant, A steam temperature
of 542F corresponds to 960“?sig, f‘frefore, if steam temperature is
lower than 542F after a'tf£a§§§§quqnnal condition is possible. A
loss of reactor coolant‘bﬁ steamAée;égétbr heat tfansfer may also be

noted when T, does not follow Tg,¢ in the steam generatof.

The "post trip window" shows two end points: One is for natural cir-

culation. ‘When the RC pumps are off T.,14 Will be nearly the same as
steam temperature ﬁut Thot Will be greater. The value of Ty, will.
depend on the decay ﬁeat level. The other end point shows forced
. circulation. When the reactor coolant .pumps are running Ty, and
Teold Will be almost the same after trip and both will be almost the
same temperature as steam temperature. Nearly every trip willlend at
either the forced or the natural circulation point if all equipment
operates correctly and no equipment failures have happened. If some
minor equipment failures have occurred (a leaky steam safety valve

for example) the end point will be somewhere else inside the window.

The post trip window is a good gauge for determining if systems are
operating correctly after a trip. 1If the reactor coolant temperature

and pressure path stay inside this window or if the transient path
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goes outside this window slightly but returns, then the accident is
going as expected and the core ‘cooling with steam generator heat
transfer is correct. However, severe excessive feedwater transients
must be discovered before the transient path goes outside this window.:
This will be discussed in ﬁore detaf“later. If the reactor pressure
and temperature are moving éwaf;‘ﬁeb ‘this window and do not return then’
an accident is in pro%’s and‘ éofrec‘tive actions for abnormal
transients should be implemented. These corrective actions are directed
toward restoring control of reactor-steam generator heat transfer which

is the preferred method for core cooling.

Successful accident mitigation can end with reactor temperature and
pressure inside the window, but the plant can be stabilized outside the
window. In some cases it is desirable to achieve stability outside

this window.

Figure 9 also shows steam pressure; as illustrated its value is at the
960 ﬁsig "lower" steam pres;ure limit. After trip steam pressure will
normally be approximately 1010 psig. Steam temperature is also shown.
After trip the steam temperature should decrease to the steam generator
saturation temperature (approximately 546F) which is set by the steam
generator pressure of 1010 psig. (Note: In an actual P-T display,
steam temperatures will always be shown at saturation temperature if it

is calculated from steam pressure rather than measured.)
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Steam pressure and témperature ‘are very important-‘pgrameﬁers to
review to determine if the reactor is'workihg correctly after trip.
These two parameters in combination with reactor coolant pressure and
temperature, will show if the .secondary side is: 1) removing the
right amount of heat from the_reacfﬁ{ coolant,.and 2) indicate if the
reactor coolant is trénsporté‘#?A e core heat to the steam generator
so the steam generator"aﬁ remove'thélhgat. It is important to note
that other parameters that are not dispiayed on the P-T diagram must
also be checked to ensure proper primary to secondary heat transfer.
For example, excessive main feedwater will not initially cause
noticeable steam generator pressure or temperature reduction. By the
time excessive .feedwater causes the transient path to leave the
post-trip windo&, the overcooling of the reactor coolant will cause
the pressurizer to be in a nearly-drained condition. Therefore, main
feedwater flowrates and SG levels must be checked very early

following a reactor trip.
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Heat Transfer Characteristics Shown by the P-T Diagram

This section will show examples of various transients on the P-T dia-
gram. = Both normal and abnormal transients are shown for comparison,
The transiénts to be illustrated include:
A
- A normal 'reactor—turbins‘t.& with no failures
- Transients that sh%.t e.effects' o‘.fv:'equipment failures
before trip
- Transients that show the. effects of sing'l_e and multiple

equipment failures after trip.
These examples are used to show how reactor coolant system pressure
and temperature and steam pressure change when different failures

cause changes in heat transfer.

P-T Transients - Normal Trip

Figure 10 shows the typical response of both primary and secondary
plant parameters fol;lowing a reactor trip. Individual important
parameters are shown as well as the P—I diagram. The shape of the
reactor coolant P-T characteristic path from power operation (above
152) to hot zero power is always like this unless an abnormal

transient is in progress. The "dip" of the curve is due to cooldown

DATE: 3-2-81 _ ' PAGE 66

| I



- BWNP-20007 (6-76)

BABCOCK & WILCOX

NUCLEAR POWER GENERATION DIVISION

TECHNICAL DOCUMENT | ~ 76-1123298-00

NUMBER

of the .RCS to near Tg,r of the steam generators for the turbine by-
pass system {TBS) "setpoint. The cooldown results in coolant ;hrink—
age which causes a pressurizer outsurg.e and préssure reduction. After
the RCS reaches a temperature slightly above Tg,. of the SG's, the'
reactor coolant will repressurize au\ stabilize. Depending on prior
' . @ R .
power operating history the loww&t of the "dip" will have different’
. R
values, but the character%&shape wi'lii-“;alyvays exist, When the plant
trips t‘he. steam pressure will settle oui cat the post trip turbine
bypassv valve setpoint and steam temperature will fall' from the
superheated condition to saturation tem‘pera‘ture (if steam temperature
is measured; if derived from steam pressure, saturation- temperature

will always be shown).

A similar P-T characteristic shape can also be seen for some accident
»transients‘, especially those that are caused by secondary side over-
cooling. Small LOCA's which depressurize the RCS "slowly" will not
show the characteristic repressurizétion upturn (unless they are very
small leaks or they are isolated). Individual parameters are shown
versus time to show the iapproximate time for stabilization. Since
stabilization takes a certain amount of time the overcooling charac-
teristic can mask failures that would not show up while the "over-
cooling" trend exists. Since overcooling can be caused by too much
feedwater or low steam preséure, one of the immediate post trip
o .
opei'ator actions includes a review of the steam pressure, MFW flow, and
steam generator level to assure that the trip is "normal" and not

combined with an over-cooling transient.
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Indications of a normal trip as shown by the P-T diagram include:
'i. Hot and cold leg temperatures will stabilize in 2-3 minutes.
2. Reactor coolant pressure will stabilize in 5 to 6 minutes.
3. Tgold4 ¥Will nearly be equal to saturated steam temperture

indicating that reactor coola‘i is transferring heat to the
steam generators. \&
4. Steam pressure w1%%§b111ze in 2 to 3 minutes.

5. Reactor coolant subcooled margin will increase,
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P-T Characteristics - Abnormal Transients - Before Trip

Although many transients will go so fast that operator action before trip
is unlikely,_ the changes in displayed parameters prior to trip can provide
clues as to the type of transient (overheating, overcooling, etc.). When
the reactor trips the trend of the acc;r%nt can be covered up by the P-T
change caused by the cooling effs‘g f the trip so the characteristics

that occur in the short time %}o e trip can help identify the trend.

Operator accioﬁ in response to a -changé from the normal position in the 0
P-T window may be possible, and trip may be avoided, but usually trans-
ients will happen too fast for the operator actions to 'be successful.
Nevgrtheless, some of t>he indications before trip will help to determine

what may be occurring.

Figures 11, 12, '13 and 14 show pre-trip movements on the P-T diagram.
Steam pressure and RC temperature and pressure will respond differently

depending on the cause. The events represented by these curves are:

Figure 11 - Overheating Transient

Figure 12 - Overcooling Transient"
' Figure 13 - Overpressure Tramsient

Figure 14 - Depressurization Transient
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P-T Characteristics - Abnormal Transients - After Trip

Figures 15, 16, 17, 18, and 19 show examples of accidents which may occur

because of failures either on the primary or secondary side. These

examples show accidents which end as expected and also go past the

expected point because of additional‘iiskures; Those accidents which are
) .

o
"post trip window" near the“ormal post trip end point. When the path

corrected properly will follow {S? pected course and will end up in the
goes outside the window, the transient is abnormal and the direction
reactor coolant pressure and temperature move toward can be classified as
overheating or overcooling. In combination with overheating or

overcooling the reactor coolant temperature and pressure path can also

move toward more or less subcooling.

Three featurés, overheating, ovércooling, and loss of subcooling, are the
first things to observe for accident diagnosis and correction. In the
case of overcooling, which can be masked by the normal post-trip response,
other parameters such as MFW flow and SG levels, which are not shown on

the P-T diagram, must be checked very early in the transient.

An abnormal transient will show different characteristics depending on the
failures that may have occurred. Some characteristics of RC pressure and
temperature and of steam pressure that show undesired heat transfer on the

P-T diagram are:
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1. Reactor coolant subcooled margin is lost.

2. Reactor coolant pressure and temperature will not stabilize

and will go outside the "post trip window".

- The trend may be caused by o;%ﬁkéjxing or overcooling.
'Suﬁcqoling may or may nqﬁ%ﬁé iosﬁgf

- The trend may be caus§ by loss of.reaé-i:;r coolant.
Subcooling will be lost for all except the very

smallest breaks.
|

3. Steam pressure is much lower than normal A value of 960 psig has been
established as a limit similar to the "post trip" window for the
Reactor Coolant P-T. 1If steam pressure drops‘below this limit after
trip, then an abnormal condition may exiét. A correséonding Qalue of

542F has also been chosen for saturated steam temperature.

- Steam pressure may be low because of a failure in the
steam lines, Overéooling will result. Subcooling may
or may not be lost.

~ Steam pressure méy be low because of a loss of all
feedwater. Overheéting will result. Subcooling will

be lost.
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~ Steam pressure may be low because a large amount of reactor coolanf
has been lost and cannot pass core heat to thé feedwater in the
generator to create steam. Large LOCA's can cause this or an
Inadequate Core Cooling (ICC) situatioﬁ can cause this. Both LOCA
and ICC are discussed in detail ai‘eepa;ate topics later.

- Steam pressure may be low‘g&}:t :éxcggsive EFW (or MFW through the
upper nozzles). Ove!aszllng will fééuli and subcooling may be

lost.

4. Steam generator saturation temperature and Tcold do not correspond

(not coupled) (Lack of primary to secondary heat transfer)

- Where T.o14 does not change when Tg,¢-SG .changes, then heat
transfer from the reactor coolant to the steam generator is
interrupted. Natural circulation has probably stopped when this

occurs and the reactor coolant may heat up. The reactor coolant

condition can be subcooled or saturated. If the reactor coolant
J

is superheated natural circulation has been lost.

The trangients used as examples are:
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Figure 15 - Loss of Main Feedwater
- 15a) Shows Loss of Main Feedwater with EFW actuated. The
important feature of this transient is that the main

feedwater heat sink is quickly replaced with an EFW heat

sink; the trend 106&513‘1& to a norﬁal’ reactor trip.

- 15b) Shows Loss of Ma.%‘&;a;réé_gr with EFW delayed. Important
features of 15& ‘are: 1)% Ié;s‘ of steam pressure, and 2)
the réactor coolant heats up and saturates at 2500 psi.
This is an indication of lack of primary to secondary heat

transfer.
Figure 16 - Small Steam Line Break

’ | - 16a) Shows an un;'.solable break that is terminated by stopping
main feedwater and EFW and allowing the generator to boil
dry. The important feature is that the reactor coolant was
overcooled before isolation; after isolation when the "bad"
generator boiled dry it was no longer able to remove heat
from the reactor coolant. The '"good" generator,’ which is
pressurized, is the heat sink; it allows the reactor

coolant to heat back up to the normal value.
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- 16b)

Figure 17 -

Shows an unisolable break that is not terminated. Coﬁtinued
feeding of FW and boil off causes extreme reactor coolant
overcooling. Since HPI is running the RCS might be over-
pressurized at low temperature violating NDT limits.

N
\‘(

Excessive Feedwater‘

)

This transient is shown to be corrected by ICS operation and

looks similar to a normal trip. A transient that continues to

run without correction is not shown because the exact effects’

Figure 18 -

are. not ‘known. Were the transient to continue water could
enter the steam linee and cause damage but the amount of
damage and its effects are not known. The RCS would probably
overcpol to saterated conditions (i.e., drain the pressurizer)

by the time water entered the steam lines.
Small Break LOCA in the Pressurizer Steam Space

The important feature of this transient is that water will
flow into the pressurizer from the reactor coolant loops.
Although the pressurizer will show a level it is not a good

indication of reactor coolant inventory when the reactor

coolant is saturated.
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- 18a) Shows a LOCcA with the break isolated after the accident
starts. Refill and repressurization of the reactor
coolant system allow a normal cooldown with a pressurizer
bubble.

- 18b) Shows a LOCAY"that is n&\ isolated. Subcooling does not
return although txx‘entlre reactor coolant system f£fills
with water. .§down after this accident will be with a

pressurizer full of water.
Figure 19 - Small Break LOCA in the RCS Loop Water Space

- This transient is different from Figure 18 because the pressurizer

does not fill with water from the loops as a result of the break.

- 19a) Shows a small .break with MFW used to remove heat.

- 19b) Shows _the same break with no MFW and EFW delayed. The effect
of the heat transfer to the steam generators can be seen by
comparing the RC pressures with and without FW. With no FW
the RC system pressurizes to 2500 psi. At this pressure the
leak rate is highest and HPI flow is lowest; use of the steam
generator helps to reduce the leak flow and increase the HPI
to cover the core. 19b also shows that steam pressure is lost

because no steam generator inventory exists to create steam.
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C. ABNORMAL TRANSIENT DIAGNOSIS AND MITIGATION

Introduction

The previous chapters gave the fundamental basics of reactor heat
transfer control and also presented information about natural cir-

. [ 4
use of the P-T diagram was pgdNded. Those chapters gave the back-

culation, subcooling, saturation (n.@«superheating. A discussion on
® .
ground information neede&o diagnose accidents and aid in identify-

ing the failures that might happen.

This chapter continues from the previous chapter and builds on that
information and is directed to abnormal transient diagnosis and post-
accident operator action. This chapter shows the techniques to be

used to restore and control heat transfer using the steam generators.

Figure 20, "General Plant Accident Correction", shows the approach to
be taken. It is broken down int:o a few separate steps although these
steps will "blend" together in actual practice. The beginning of the
transient correction sequence is an automatic reactor trip (although
the operator may have manually tripped the reactor after recognizing

something was wrong).

The first major block in Figure 20 is the "Immediate Actions" block.
This block shows that the operator is taking some qﬁick "routine"
actions (such as manually pressing the trip button to make sure the

reactor has tripped) and he is checking out some indicators to see
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what the plant status is. The plant status check includes finding out
if a trip or ES has occurred (because special actions must be taken
depending on which signal was initiated); and the plant status’ check

requires that the condition of vital systems be determined. This

"information gathering" at - the 'rg‘,& of a transient will help to

diagnosé what 1is ‘wrong. Asi.&i:t of ;his information géthering the
operator will review impo&Lnt pa;a!gé't'f‘é‘ti{s‘;?to see if a fast transient
is takiﬁg place; if so, he acts to stop that transient. Two accidents
require fast identification and action to prevent very bad effects:

excessive main feedwater and steam generator tube failures. Other

accidents do not require the very fast actions that these do. These

Immediate Actions and checks should be completed in the first 2-3

minutes.

The next major block on Figure 20 is the P-T diagram check. The P-T
diagram is the foundation for transient diagnosis and for the actioms
to correct abnormal transients In general the P-T diagram is used to
identify an accident "type". There are two general accident 'types":
e Too much steam generator heat transfer or
"overcooling" (see Figure 16)
e Too little steam generator heat tramsfer or

"overheating” (see Figure 15b)
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Loss ofisubéobling margin can ‘also occur (see Figure 18) and can be
combined with or caused by either "overheating" or "overcooling".
When the P-T diagram is checked, the reactor coolant P-T should stay
within the "post-trip" window and steam pressure-should stay above the
steam pressure limit of 960 psig. ﬁﬂ“ghe plant responds so tﬁa: these

&, .
limits are not exceeded then ‘H&'tr_ar}sient_ is going "as expected":
. : '

followup actions to deﬁﬂ&e the cause and ‘bring the plant to a

stable condition are required. If the plant does not "g0 - as expected"
then‘thevP-T characteristic should be checked to find out the '"type"
of accident and corrective actions should be taken to maintain or
restore the reactor-steam generator heat transfer. When the plant does
not respond as expected the transient is,abqormal and safety systems
are not working properly or multiple equipment failures may have
occurred. 1In all cases the operator should tréat-loss of subcooling
in accordance with the '"Subcooling Rule" (discussed in the Best
Methods for Equipment Operation chapter) and treat overcooling or

overheating as appropriate.-

After correcting the obvious failures the P-T diagram should be re-
viewed to see if reactor-steam generator heat transfer has been re-
stored. If it has not then all the failures have not been correctéd
(or they could not be corrected). Core heat removal through the steam
generator may not be possible and Backup Cooling Methods must be used;
"Backup Cooling Methods" are discussed in a separate chapter in Part
II. .The ATOG procedure (Part 1I) covers both types of accident

correction (steam generator heat removal and backup cooling).
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Once the steam generator heat transfer.‘hés been restored the plant
should be brought to a stable condition., That point may be hot of
cold depending on the circumstances; a return to the "pos.t-trip"
window is not required for plant stability. A separate chapter called
" "Post - Accident Stability Detérg;it},ayt"n'-' gives general guidance that
. . : .. :

may be used to determine if a s"ﬂ’& rc':.‘or.lgi;ition is reached.

. | $.$o ; 5

This chapter will deal with restoration of steam generator heat .
transfer; one part discusses the Immediate Actions and Vital Systems
Status checks. Another part discusses corrective actions for '"over-

heating" or "overcooling".
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- Immediate Actions

The actions taken depend on the exact signal; three different signals
will require somewhat different actions. The signals are:
e Reactor Trip

S

e Loss of grid power %

These signals can occur seSLrately or in various combinations.

In addition to tﬁose signals ﬁwo transients require a very fast check
of indications and fést corrective actions. Excessive main feedwater
requires the operator to‘quickly terminate feed flow* to prevent water
spilling into the steam line; and steam generator tube rupture
requires fast action to depressurize and begin cooldown to 1imit the

offsite doses.

*The operator should act to terminate excessive feedwater by tripping
the MFW pumps rather than rely on the automatic MFW pump trip on

high SG level.

Tables 2 and 3 show the immediate actions to take for these circum-
stances; some of the actions include checks of equipment indication ‘to
see that it is working correctiy - other actions are to manipulate
controls to operate equipment. Table 2 shows '"standard" action; Table

3 shows the actions needed to control "fast'" transients,
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Accident Diagnosis and Treatment
|

1
Although the type of accident may have become evident during the first 2

or 3 minutes of the tramsient, plant monitoring is reqﬁired to make sure
that the accident is going as expected. Generally, after 2 or 3 minutes
the plant will begin to stabilize withi‘\the "Post Trip Window" (examples
of this were given in the P-T Dia‘gﬁ&.hapter). Actions have already been

. [ J
taken to identify and handl“!& "fast'" transients and the systems which
should be operating have bee% checked to make sure that they are working
correctly. Further. plant monitbring should begin. At this stage the
effort should now be to make| sure that the plant stabilizes as it should.
To do this the P-T diagfam is kept under surveillance. If reactor cooiant
pressure and temperature stabili?e within the P~T post trip window, and
steam pressure is above.-the low steam pressure limit, the transient is

probably not abnormal and a quick check of the following should be made to

ensure system and equipment parameters are within expected values:

Heat Transfer Balance Indicators

- P-T diagram (for RC pressure and temperature and
_subcooling)
- Pressurizer Level

~ Steam generator level and pressure
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Equipment Status and Operation (depending on what

was started);
- Makeup/HPI flow rates and pump status
- Maiﬁ or emergency feedwater flow rates and pump status
- RC pump operatlon 1nc1ud1ng coof‘eg water and seal

[ ]
injection service \

- Posgition of meortan% &ves (letdown PORV, feedwater
isolation and control valves, pressurizer spray valve)
- Contaimment isolation and cooling systems

- Power supplies (AC and DC)

Once these reviews are completed a more thorough check can be
conducted and a decision made to determine if the plant is stable.

(See the Chapter on '"Post Accident Stability Determination'.)

But if the first review of the P-T indicates that the reactor coolant
pressure and temperature are.not going to remain‘within the post-trip
window (or return to it), or that steam pressure is below the steam
pressure liﬁit, then something is wrong with heat transfer and cor-

rective actions are required to bring the heat transfer into balance.

The path for correction is charted and shown on Figure 21, "Accident
Mitigation Approach'". The chart keys on the three general character-

istics displayed on the P~T diagram: overcooling (too much steam
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generator heat transfer), overheating insufficient steam generator

heat transfer), and loss of subcooling.

The. chart 1s a reference

table that ties together|a wide variety of information for corrective

actions. With the exception of LOCA,

abnormal transients are provided im\this

corrective actions for all

section. LOCA is discussed

L J
separately in considerable det*‘&n Appendix F of these guidelines.

Qe
¥
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Corrective Actions for

Ovefcooling (too much steam generator heat

transfer)
Figure 22 shows the cor

The chart is largely sel

rective actions to be taken for overcooling.

f-explanatory so only a brief discussion will

be given. Information prl'ovided by t&e chart will not be repeated.
. - ® )
[ ]

Overcooling is always c¢

emergency feedwater or

[ ]
s& by failures on the secondary side. The

, ! . .
usual sources of failure are low steam pressure or excesslve maln or

by combinations of high feedwater and low

pressure. The P-T diagram shown is typical for a more severe case of

overcooling; usually exc

- termined within 2-4 min

will not cause loss of

the P-T diagram is char

essive feedwater alone (unless severe and not
utes) or small reductions in steam pressure
subcooling. But the general trend shown by

racteristic of overcooling. Some LOCA's can

also cause a loss of steam pressure because the RCS will

depressurize, cool and draw heat away from the steam generators; this

will be temporary for small breaks.

Once this trend is exhibited, checks should be made on steam pres-

sure, steam generator 1
If the cause is obvious

taken.

evel, and main or emergency feedwater flow.

then actions to isolate the cause should be

If the subcooling margin is lost during an overcooling transient, the

subcooling rule should be used; two HPI pumps should be turned
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" characteristics are similar.’

on and run until the subcooling margin is restored. When the sub-
cooling margin is lost the RC pumps should be tripped and not re-
started until subcooling is restored; the reason for this is that a

LOCA may have occurred, and its P-T characteristics and overcooling

N
QY
o‘bf;“
[ J - R
Detection of overcoolinéaby low steam pressure and determination of

which generator has failed can be done by two methods. The first way

is to stop all feedwater when a level exists in both generators (if

level exists only in one generator the one without level is likely to
be failed). When feedwater is isolated to both generators, the level
should fall at a faster rate in the failed generator. Detection is
possible before both generators boil dry and feedwater should be re-
stored to the 'good" generator before it dries out. Termination of
feedwater should be done by closing valves; pumps should not be
stopped but shéuld continue to run on recirculation. A unique fea—

ture of steam leaks is that the steam generator with the low pressure

will transfer the heat from the RCS and  lower its temperature; the

"good" generator will not. Consequently the RCS temperatﬁre can fail
below the temperature of the "good" generator. When this occurs the
pressure in the good generator will drop below the TBS setpoint, they
will close, and steam generator level will drop slowly or not at all,

Consequently, one steam generator will retain level, so stopping all
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.leak of about 5% total

' SG's is preferred.

feedwater to both gener

steam generator boils dry

ators is not dangerous. However, when one

, then the remaining generator will begin to

transfer heat and level will drop. Feedwater must be restored before

it is dry.

The second (but less rellable)‘sés‘ﬁo identify a leaking generator is
. ' .

to compare the rate of“f& of steam pressure in both generators.

The failed generator wil

the  good generator willl

steam generators of abou

1 permit steam pressure to fall faster than

A differential pressure between the two

t 100 psi, with the failed generator lower,

will show the correct one to isolate. The 100 psi differential will

show up rapidly for large leaks and slower for small leaks. A steam

valve stuck open) will s
ever, this magnitude of

short duration. Therefo

If the bad generator is

flow (about equal to one main steam safety
how this trend within 3 to 5 minutes. How-

pressure differential may exist only for a

re, comparison of level changes in isolated

obvious the "second method can be used to

quickly get the transient under control. If it is not obvious the

first method will point‘

out the bad generator. If there is any doubt

or confusion the first method should be used. In very
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' rare instances, it is possible, but not likely that both steam

. generators will leak. The plant should be temporarily placed in HPI

cooling with all feedwater stopped to see if repairs can be madé. If
a rapid "running repair" cannot be made the feedwater flow should be
throttled considerably to both ﬂ%fators and the plant should be
cooled down. This will be <;ery dlfflcult operation, Thermal
stress limits should be%% ained. It.,jLs better to use main feed-
water for this than EFW. A discussion of cooldown on one generator

is given in the "Best Methods Section". Those principles will also

apply here except two steam generators are to be used.

Corrective actions for excessive feedwater are shown on the chart and

discussed in Appendix A.

Corrective actions . for low feedwater temperature are also shown on

the chart.

DATE

3-2-81 PAGE 101




CORRECTIVE ACTIONS FOR
LOW MAIN FEEDWATER
TEMPERATURE

DURING NORMAL OPERATEON LOW MAIN FEEDWATER TEMPERATURE, WHICH OCCURS BECAUSE
OF PARTIAL LOSS OF STEAM HEATING TO THE FEEDWATER HEATERS WILL BE WANDLED BY
THE ICS. NO SAFETY PROBLEMS ARE EXPECTED. HOMEVER, IF EXCESSIVE FEEDWATER
HAPPENS (ESPECTALLY TO BOTH STEAM GENERATORS) THE HEATING SURFACE OF THE
GENERATOR WHICH CONVERTS WATER TO STEAM WILL BE COVERED WITH WATER.

STEAM PROOUCTION WILL BE LOST. IF THE FEEDWATER HEATING IS LOST AND LOW
TEMPERATURE FEEDWATER ENTERS THE GENERATOR, EXTREME OVERCOOLING WILL OCCUR.
THE EFFECTS OF THIS MAY BE TO OVER STRESS PORTIONS OF THE STEAM GENERATOR
AND REACTOR COMPONENTS .

THE ACTIONS TO PREVENT COLD FEEORATER FROM ENTERIM TWE GENERATOR ARE THE i SEE NOTE RESTORED?
SAME AS THOSE FOR PREVENTING & HIGH STEAM GENERATOR LEVEL. ! 5 — e T ‘ ,
l FEEDWATER TO BOTH 5G's AND COMMON STEAM I
Y < EXTRACTION LINES (4582 AND -84 FOR EFWPT: 2800
IF MAIN FEED £ T e e EFFECTS - NO RCS TEMPERATURE MISMATCH BECAUSE ICS WILL CORRECT T, .
g FLOW RATE WIGH S SEE "BEST METHODS" MS-24 AND -33 FOR AUXILIARY STEAM). MONITOR SG NO ONVERCOOLING - o i. RSt Teip
N LEVELS AND PRESSURES-  SG NITH DECREASING LEVEL . LOSS OR ORAINAGE OF HOTNELL (AND CONDENSATE STORAGE TANK um | Tinon
DOES LEVEL TNCREASE STOP? AND/DR LOEST PRESSLRE IS THE LEAKING ("8AD") 5G. WICH TS USED FOR AUTCMATIC MAKEUP) IF LEAK IS 70
- 1S LEVEL/PRESSURE STABLE IN ONE OR BOTH 56's? ATMOSPHERE . TO 3 HOURS DEPENODING ON LEAK 200 L
N ' YES UNISOLABLE STEAM LEAK, RATE, ORAINAGE WILL RESULT IN LOSS OF MAIN FEEDWATER
B STEAM LEAK ISOLATED fatod TON AND TRIP OF MAIN FEEDWATER PUMPS. AUTOMATIC SUBCOALED TreicaL Fon
ISULATE Mm & EF0 T O I o VEITER INITIATION OF EFW,. BUT UPPER STORAGE TANKS AND CONDENSATE oy L resron EXCESS(vE
STORAGE TANKS MAY BE LON OR EMPTY. k e

CORRECTIVE ACTIONS FOR

15 GENERATOR LEVEL WIGH IN
ONE R BOTH GENERATORS?

. HIGH STEAM GENERATOR LEVEL

IS EFW FLOW HIGH?

LT

CONDITION |

STEAM PRESSURE CLEARLY LOW
IN ONE STEAM GENERATOR

!

MANUALLY CLOSE TBV's AND
ISOLATE ALL OTHER STEAM
EXTRACTION LINES DN AFFECTED,
$6. 1S STEAM PRESSLRE

CORRECTIVE ACTIONS FOR LOW STEAM PRESSURE

!

IF MAIN FEED IS STOPPED 7O
BOTH GENERATORS, MAKE SURE

AFFECTED SG AND ALLOW IT TD
BOIL DRY. DO NIT STOP ALL
FX TO BOTH SG's. DOES
OVERCDOLING STOP?

DS OVERCOOLING STOP?

CONDITION 2

STEAM PRESSURE LOW 4ND ASOUT EQUAL
IN BITH STEAM GENERATORS

NO STEAM PRESSURE

Loss.

CONDITION 3 (SPECIAL CASE)

SWALL STEAM LEAX THAT DOES
NOT REDUCE STEAM PRESSLRE
(UP TD 3% OF TOTAL FLOW)

I

SYMPTOMS - VISUAL OBSERVATION
- FEED FLOW TO GENERATED MEGANATY MISMATCH
- REDUCTION OF HOTWELL LEVEL
- REDUCTION OF CONDENSATE STORAGE TANK LEVEL

- IF LEAK 1S O CONTAINMENT, THE PRESSURE AND TEMPERATURE
MAY INCREASE SLIGHTLY.

:

FIGURE

22 OVERCOOLING DIAGNOSIS CHART

7 Coalant 230 Steam Octiet Prassure, psig

TYPICAL P-T DIAGRAM

TPIEAL FOR
LOW STEMN

PN COMES ON BEFORE i
TSOLATE ALL OTHER STEAM PRESSURE
ARE. OFF? ATOR! IL DRY . .
RC PLMPS ON OR GENERATORS 80 EXTRACTION LINES DN BOTH gy END POINT-POST TRIF WITK FONCED
) YES o [ s TSOLATE ALL OTHER STEAM STEAM LEAK IN COMCON SG's. ONITOR 6 LEVELS ACTIONS - A) FIND THE LEAK AND ISOLATE IT. IF NOT ABLE TQ ISOLATE [ - CIRCULATION (Tygy & Tgpyp) AN
EXTRACTION LINES ON “BAD™ EXTRACTION LINE (TBS,AS.0R AND PRESSURES. I7 IS UN- 17, THE RCS SMOLLD BE DEPRESSURIZED AND COOLED DOWN.: ot FOR RATURAL CINCULATION (Tegyp)
l SG. RESTORE FW AND TBY EFWPT SUPPLY). RESTORE MFW LIKELY THAT BOTH SG's, ARE B) CAREFULLY MONITOR CONDENSATE TANK LEVEL AND 6F ww |
———— - THROTTLE - £FW- T0-STOPOVER-— -]~ IS LEVEL . HIGHER -THAN OPERATION ON *G000" SG. 0 BITH SG's AND CAREFULLY STILL LOSING LEVEL &ND _ __ PREPARED.TO. ENGAGE . SERVICE . NATER_ SYSTEM FOR EFW SakHAL OPERATING POINT-POBER
COOLING. IF FLOW RATE DOES £|r  corecT seTPomNT PUT PLANT I 1] DOES LEVEL/PRESSURE. RESTORE MANUAL T8V CONTROL PRESSURE BUT 17 15 PASSTALE. WATER SCURCE.; THIS REQUIRES MANUAL REPOSITIONING OF § N w0t
. - s A STABLE CONDITION STABILIZE IN “BAD* SG? ON BITH SG*x. ATTEWPT 10 1S LEVEL/PRESSURE ST = =
1| NOT RESPOND THEN STOP EFW TS TWO REASONS FOR CONTINUED FW FLOW MAY BE CONDENSING LOGATE AMO LICALLY ISOLATE ABLE IN VALVES s r 1 END POINT-POST TRIF WITH
[{ 8Y CLOSING SEPARATE COOLING: STEAM. THROTTLE FW FLON LEAK EE“W:T:T STER : i b T UEHT ard
{ ] TSOLATION VALVE. AVOID ‘ 1) FN FLON TD "GDO0" SG MAY CONTROL HPT AND RCS s - i w0 SUBEODLED
} | ALLOWING GENERATORS 70 BOIL BE CONDENSING STEAM. INVENTORY., i . H NARSIN LINE
ORY AFTER STOPPING EFN THROTTLE FW FLDN, CONTROL VES > | _6om | iR
: ; DOES SUBCORING | B PRI 40 FES 1 ) 0T OF EXISTS TO PERFORM ACTIONS. i ! . . ’ . ; J
. 5 il PRECAUTION - ALTHOUGH A LI T EX 5 w 50 00 st
EXIST? TUBE ” w 850 kL]
° 1 2 e BTt S ! THIS LEAX 1S DIFFICLT TO DETECT AND Mav NOT 6 haTeD for '
Y B SOLLING B o e o OF THE ITY mATER ' Rusctor Caslant g Steas Butist Teapersturs, F
Y LEAKS APPEAR BEGIN RCS PR SERVICE WA P ¢
‘ 15 W1 ON? £ DEPRESSLRIZATION . 1ES IS POSSIBLE. THE SERVICE WATER BA
: - EmATION o0 recon ATon CLERING WA B oyl TR '
GENERATE
d JPERAT) 600"
D0ES OVERCOULING STOPY | € ~ Pt TN O 6000 : THE PLANT TO OPERATION. :
< ‘ . THREE GENERAL LON STEAM GENERATOR HIGH STEAM GENERATOR LOW MAIN FEEDMATER
CAUSES PRESSURE LEvEL TEMPERATURE
i PUT PLANT IN TURN HPT OR
A STABLE CONDITION .
RESTORE MFW AND T8V DBVIOUS SYMPTOMS: - STEAM QUTLEV PRESSURE - 5.6, LEVEL « MAIN F/% TEMP
OPERATION T3 BITH 56's. . MAIN F/W FLOW
ATTEWPT TO LOCATE anD - EPW FLOM
. " L
1F STEAM PRESSURE IS LOWER LOCALLY ISOLATE LEAK
HAN NOULD BE EXPECTED
BECAUSE OF EFR STEAY GENERAL APPROACH: - TREAT MOST OBVIOUS SYMPTOMS (STEAM PRESSURE, LEVEL, FIRST)
CROENSATION, CHECK FOR - IF STEAM PRESSURE 1S LOW, ISOLATE FEED AN STEAM LINES, IF THAT DOES NOT WORK STOP FEEDRATER
i} STE4M LEAKS. IF SUBCOGLING IF LEAK CANKOT SE FOUND OR ISOLATED TO - IF LEVEL IS KIGH, CHECK AIN AND EFW FEED FLOWS . STOP FEEDING HIGH LEVEL GENERATOR
OGES NOT II\’U:N AFTER HPI ONE STEAM GENERATOR, THEN ESTABLISH
:;S:‘\'I)EXFTZ L.Y.lufﬂ):s? RESTRICTED FW FLOW TO BOTH SG's T LIMIT
Py MEVELCK mm S ;gg;(uw ?;;ED.?\:SPR%S:Y:L:N Caomomy v PRECAUTIONS : - EXCESSIVE MAIN FEEDNATER WUST BE STOPPED BEFORE WATER ENTERS THE STEAM LINES
CENRATOR TUSE LEAKS. PUT PLANT IN STABLE oo o it o e i - OVERCOOLING BECAUSE OF LOW STEAM PRESSURE CAN CAUSE THE REACTOR COOLANT TEMPERATURE
i Fom T CONDITION BIN EaoL DO T NOT, ANy TOR/SIELL TO BE VERY LOW WHE) 7] SHLL IS STILL HOT; TUBE TENSION STRESSES
. iy CAN BE EXCESSIVE: IF STEAM PRESSURE IS BELOW 350-400 PSI IN ONE OR BOTH GENERATORS,
] ~ THE TUBES CAN STRETCH AND MAYBE FAIL..
« DVERCOOLING CAN CAUSE TEMPORARY LOSS OF SUBCOOLING: HPI SHOULD BE STARTED: WHEN
SUBCOOLING RETURNS HPI SHOLLD BE THROTTLED T0 PREVENT FILLING PRESSURIZER SOLID

AND FORGING WATER THROUGH SAFETIES
- STEAM LEAKS TO CONTAINMENT CAN (WITH TIME) CAUSE CONTAINMENT OVERPRESSURE; MAKE SURE
e o'&xms AFE WORKING; IF POSSTALE AVOID CONTATNMENT SPRAYS; IF NO RADIATION
NOTE: BOTH MW PLMPS SHOULD TRIP AUTOMATICALLY ON HIGH LEVEL <
IN ONE DR BOTH STEAM GENERATORS. HOWEVER, RUNARAY W VENT CONTAINMEN
CAN 8E A VERY RAPID TRANSIENT WITH POTENTIALLY SEVERE
CONSEQUENCES. THEREFDRE THE OPERATOR SHOULD &CT T
TERMINATE YW RATHER THAN RELY DN THIS TRIP FEATURE.
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Corrective Actions for Overheating (not enough steam generator

heat transfer)
Figufe 23 shows‘ the corrective actions to take when the reactor
coolant cannot transfer heat to the steam generators. Reactor-to-
steaﬁ generator heat transfer is nq“coupled; T. and SG Tgy¢ do not
track together. 1In general gcgfziare three causes of insufficient
heat transfer: . $0$ ' ’

e There is no inventory in the steam generator to receive

the heat (loss of all feedwater)
e The reactor coolant cannot transport the heat to the
' generator because there is insufficient inventory (LOCA) -

e Circulation has stopped (forced and natural)

Natural circulation [can be temporarily interrupted because of reactor
>coolant contraction| after a severe overcooling transient. A long
interruption would not be expected since HPI will refill the system
and natural circulation will normally.restart. Loss of natural cir-
culation would be expected for most LOCA's or for an extended loss of
feedwater. Therefore, to restore natural circulation for either of

these the failure must be corrected (feedwater restored) and sub-

cooling should be restored (to ensure the best natural circulation).
Since loss of natural circulation heat transport is the most probable
of the overheating conditions, the '"overheating" corrective actions
include restoration |of heat transport as an integral part of the

action.
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Loss of all Feedwater

Overheating when all feedwater is lost can take different paths de-
pending on the decay heat level, when it was lost and whether HPI was
operating before it was lost. The P-T diagram illustrated shows a

total loss of all feedwater i'xm}g'z'a.&ly after reactor trip from full

power, with HPI cooling sta Me‘h the operator recognized the loss
of primary to secondaryweat transf\é;‘_;nda" loss of all feedwater.
Regé,rdless of the path, the loss of all feedwater from power operation
will exhibit two clear characteristics on the P-T diagram:

. Aftez: t:h.e normal post-.trip cooldown the RCS will begin to reheat
and ‘repressurize beyond the ﬁomal post-trip "window" (point 2
on Figure 23) as the SG's boil dry.

" ® Steam pressure and steam temperature will drop because

there is no feedwater.

The cofrective actions for this transient are to attempt to restore
feedwater; failing to do so, HPI cooling should be started when (primary
to secondary heat transfer is lost, Two HPI pumps should be started
and run at full capacity and the PORV manually opened. Although the
subcooling rule requires that HPI' be started when the subcooling margin
is lost, the expected path for this transient is that high pressure is
reacﬁed before the subcooling margin is lost. This will result in

losing primary inventory out

DATE : 3-2-81 PAGE 104




BABCOCK & WILCOX

NUCLEAR POWER GENERATION DIVISION

TECHNICAL DOCUMENT

BWNP-20007" (6-76)

NUMBER

76-1123298-00

. 1s lost all the RC

of the PORV for about 30 or 40 minutes before subcooling margin is

lost. This could

lead to conditions of core uncovery. By starting

HPI when primary to secondary heat transfer is lost core protection

is assured.

When HPI cooling

circumstances, all

reduce the heat load.

possible to mainta

. 1\ ,
(with th“\ ﬁV open) 1is started under these
bu‘a&.RC étlxmp,i‘shquld be tripped. This will
One RC pump should continue to run as long as
When the subcdoling margin

in forced core cooling.

pumps must be tripped.

Continued operation without feedwater and with HPI cooling will allow

subcooling to be

restored when the heat removed by the HPI flow

matches the decay heat. When the subcooling margin is restored the
| ,

HPI flow may be throttled. A reactor coolant pump should also be

restarted at this| time. Control of HPI flow to keep the minimum

subcooling margin

shock.

is important to minimize reactor vessel thermal

Thermal shock occurs when the reactor coolant is subcooled

and no circulation|exists because the cold HPI water will slowly flow

into the downcomer

Restart of a reactor coolant pump will thus help prevent brittle

fracture because
(See Figure 25 and

throttling and RC

DATE: -

3-2-81

it mixes the HPI water and the reactor coolant,.
the "Best Methods" chapter for a discussion of HPI

pump restart.)

and flow next to the hot reactor vessel wall.

PAGE 105

Ecd




BWNP-20007 (6-76)

BABCOCK & WILCOX : o o NUMBER

NUCLEAR POWER GENERATION DIVISION

TECHNICAL DOCUMENT o | 76-1123298-00

If EFW or MFW is restored while the reactor coolant is saturated and
HPI is running, the subcooling margin will be restored and a reactor

coolant pump may be restarted.

LOCA The other condition in whic\heat transport to the stéam
) .
generators can be interrupted 1&&&'1@ a LOCA. LOCA is discussed in
° B : .
great detail in Appendix %’&d will notbe covered here in detail.
However, this section will show how LOCA;"s are to be identified and

will show how to locate those that can be isolated.

Although some small breaks will allow the reactor coolant to trans-

port heat to the steam generators, some will not. The most signifi-

cant characteristic that shows poor heat transfer is an increase of

Thot along the saturation line when a steam generator level exists.

Thot 1S increasing because the reactor coolant is absorbing the core .

heat and not passing it to the generators. T.o14q Will usually, but not

always, follow the same path that Ty, does.

Steam pressure and steam generator saturation temperature will gradu-
ally drop because little or no heat 1is being absorbed. Figure 13 of

Appendix F (LOCA) shows these P-T characteristics.

DATE :
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' Figure 23 indiéates that LOCA's can cause poor heat transfer aﬁd in-
cludes three references for suppo;ting actions: v'
(1) Table 4a 'shows how to distinguish LOCA'S‘from other
transients,
(2) Table 4b shows symptoms fo‘\LOCA's that can be located and

o .
shows which equipmen‘ksﬁ‘use for isolation (for those that

can be vi_srlate%.’%o .

(3) Appendix F shows the corrective actions for LOCA's.

Lax
7
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Table

4a HOW TO DISTINGUISH LOCA'S FROM OTHER TRANSIENTS

Unique Characteristiics of LOCA'S

NOTE:

Rapid system depressurization to saturated conditions with

little or |no change of rea<:or coolant temperature (charac-

1

Sustained

|

ate within 5-10 minutes after actuation)

teristic of all but t%&:‘y smallest bréaks)
[ ]
satun‘&f (HPI does not return the reactor to a sub-
cooled st

Containment radiation (only for breaks in containment)
NOTE: A steam or feed line leak inside containment Qill

.caufe high pressure, temperature and humidity but

will not cause high radiation.
Steam presisure, feed flow and steam generator level do not
indicate overcooling (this helps to differentiate LOCA's
from overcooling transients)
High steam|line radiation alarms (tube leaks dnly)
Low letdown storage tank level (in the absence of all of the

above, this indicates a leak outside the containment)

LOCA's CAN| BE DIFFICULT TO DETECT, ESPECIALLY IF THE BREAKS
ARE SMALL.| THEY CAN OCCUR INSIDE THE CONTAINMENT OR 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, '

DATE:
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_ Pressurizer Control System Failures

Two failures of the pressurizer controls can occur that can change RC
pressure. These are not serious events because they are slow, but if

they are left without correction plant control can become more

A
A

Failure of pressurizer %é&rs (on) with no spray operation will

difficult.

cause the RC pressure to incfease to the PORV setpoint at a constant
reactor coolant temperature: (If the spray is operating it will stop
the heater pressure increase.). Steam will be released to the qugnch
tank until the heaters are turned off. The normal makeup control.
will continue to add reactofbcoolant until the lgtdown storage tank
level is lost at which time the pressurizer level will begin to drob.
Although this is a very slow transient and should be easy to correct
(manual cutoff or power disconnect) if it is Left unattended, the
following equipment damage can result:

Quench Tank Failure

Makeup Pump Failure on Léss of Suction

Heater Burnout when they Uncover

A spray failure (on) will cause a pressure decrease at a constant RC

temperature until the reactor coolant becomes saturated. This may be

corrected by biocking spray flow.
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Neither failure is considered serious because there is ample time for
correction. Pressure and pressurizer level alarms will sound far in

advance of the time when action is required.

o
W

BA\Y
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D. BACKUP COOLING METHODS

The normal method of core cooling is by transferring heat from the
core to the steam generators using the reactor coolant. This is the
preferred method and is the one the operator is most used to seeing.
However, if heat transfer via . qﬁ‘ksteam generators 1is lost other
means of core cooling are vg‘?sb e.. This section will discuss these
backup cooling methods seﬁ explain théirluses and limitations. Three

instances will be covered:

1. Loss of All Feedwater
2. Restoration of Natural Circulation

3. Inadequate Core Cooling

These methods will not be necessary if the normal method of cooling

using the steam generators is working.

Backup Cooling by HPI for Loss of All Feedwater A complete loss of
feedwater is not a likely event, but it can occuf because of multiple
equipment failures or operator error. If primary to secondary heat
removal is lost because of the loss of feedwater, the core can be
cooled by the HPI system uﬁtil feedwater is restored. Thé core
energy is removed by the reactor coolant (HPI) and released to the
reactor building, which serves as the heat sink instead of the steam

generator. The core is kept covered and cooled by HPI.
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A total loss of all feedwater is illustrated in Figure 24a and is

discussed below:

1. With the plént at power, a loss of main feedwater would
resq1£ in a reactgfjtri S\Pticipatofy trip on loss of MFW
or RPS actuation.on.‘iéhﬁgps pressure). A loss of all FW
could | also %::ur duf‘ing,v;f. hot shutdown or plant

¢

heatup/cooldown.

2. 1If emergency feedwater also fails, the secondary side of the
steam generators will boil dry and the RCS will then heat up

due to decay heat,

3. Subcooling will decrease and the reactor coolant will expand

into the pressurizer.

NOTE: The rate at which the above occurs will depend
uéon the initial inventory in the .steam generators
and the core decay heat level. For example, the RCS
heatup rate may be as high as 4F/min with high decay
heat or as low as 1F/min with low decay -heat

following boil off of the SG inventory.

114
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4. RC pressure will increase as the steam space in the
pressurizer is compressed due to the insurge of reactor
coolant and steam/water relief out of the PORV or the
pressurizer safety valves will occur.

e\
A O
° il Pqs
5. The reactor coo&t will eventually saturate and boiling

will occur throughout the core,

6. Without corrective action, the reactor coolant will slowly
be vaporized to steam and relieved to the contaimment and

core damage will result.

To avoid thesé consequences the operator should make every aﬁtempt to
regain feedwater to at least one steam generator. This includes main
feedwater, emergency feedwater, condensate and booster pumps (if
steam generator pfessure is. low enough) or service water. If feed-
water cannot 5e regain before primary to secondary heat transfer is
lost, he should manually start two HPI pumps and opén and leave open
the . PORV. HPI flow should be balanced to give the maximum flow

possible.

The event can be recognized by observation of generator level and
equipment status checks or through use of the P-T curve. Figure 24b
illustrates the P-T response of the RCS after a loss of main feed-

water from 100% power with no EFW and appropriate 6perator action.
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iWhen HfI is sta?ted tﬁe RCS -will eventually go to_‘é water solid
conditiﬁn (subcooled) with RC pressure controlled by a combination.of
the HPI pump head rise and the relief capability of the PORV. The
number of running reactor coolant pumps should be reduced to one to
reduce the heat load. Iheltime to:ﬂvmome water solid depends on the
cofe decay heat level and'éhéﬂkihiér of HPI pumps. If core decay heat
is high, the reéctor co&Qﬁh Awifilsatﬁrgte andAits pressure will rise
along the saturation curve (points 5-6 on Figure 24b). The running:
RCP should be tripped when subcooling margin is lost. The water inven-—
tory in the RCS will drop because of core boiling and relief out the
PORV, untillthe amount of water added by HPI can také away all the
decay heat of the core, Until that time water from the RCS and HPI
‘water together are needed to take out core heat. When the heat
removal of the HPI water cén take out all the &ecay heat, HPI is said
v to "match" decay heat. When HPI matches decay._heat the liquid .
inventory in the RCS will start to increase, steam will be condensed
and the system will slowly go to a water—-solid (subcooled) state
(points 6-7 on Figure 24b). .If the core decay heat level is low at
the time feedwater is lost , HPI may be enough to take out all the

heat and the RCS may remain subcooled (water solid) until feedwater

is restored.

When all feedwater is lost it is very important that two HPI pumps be
run until subcooling exists. One HPI pump is adequate for core heat

removal, but the time required for one HPI pump to match decay heat
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is much longer than two pumps. For example the time to match decay
heat with one HPI pump is approximately 70 minutes and approximately

8 minutes with two HPI pumps.

When subcooled conditions (baégd oﬁ‘koth incore thermocouples and hot
leg RID's) are reached, th Qahéjiér should start one reacfor coolant
pump and throttle HPI E§§; to maintaiﬁ’the reactor coolant subcooled
but within equipment design limits such as the brittle fracture limit
of Figuré 25, "RCS Pressure/Temperature Limits". If a reactor
coolant pump cannot be restarted the operator should still throttle

HPI to maintain an adequate subcooling margin and avoid NDT problems

- with the reactor vessel. The intent is to run an RC pump to improve

thermal mixing and minimize thermal shock to the reactor - vessel.
However, if the pump is not ready in all respects to be run it should

not be run. Core protection is assured by the HPI cooling.

In summary, HPI cooling will maintain core cooling if secondary heat
removal is lost. It is not a normal operating mode for many reasons;

three examples are:

1. High RC pressure may occur causing the pressurizer relief

and safety valves’tb be cycled with water and two phase flow

discharge. This increases the potential for a LOCA that

cannot be isolated. (Failure of code relief valve).
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2. Long-term operation (subcooled solid water operation) is
extremely sensitive and must be closely monitored to prevent
exceeding equipment design 1limits (NDT and RV Brittle
Fracture).

3. The degraded cont 1 Ei env1ronment may cause failure or

bad readings of‘aystrumentatlonnﬁ

Consequently, secondary cooling should be restored as quickly as
possible so that normal primary to secondary heat transfer ‘can be

. resumed.
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Figure 25 RC PRESSURE/TEMPERATURE LIMITS
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Restoration of Natural Circulation

When RC pumps are off, heat is removed from the reactor core by natu-
ral circulation as discussed in Addendum B. Some accidents can lead
to a loss of natural circulation but methods exist to restore it 1if
it is lost. “The intent of tﬁ'éi‘eaglon is to highlight the recovery
measures and to give .werstand:ing “of why certain actions are
recommendea and when they are to be taken. Brief discussions of

other issues on natural circulation are also provided.
A loss of natural circulation can occur for two reasons, which are:

Reason 1. Insufficient secondary inventory control (i.e., not

enough feedwater)

Reason 2, Formation of steam voids within the hot leg which are
of sufficient volume to block water carry over to
the steam generator (i.e., not enough reactor

coolant).

The prévious section addressed system operation when natural circéla—
tion is lost due to insufficient feédwater (Reason 1); The only way
to recover natural circulation under that condition 1s to restore
feedwater. Void formaﬁion (Reagon 2) is more complicated because the

reactor coolant system can operate differently depending on what has
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happened. The two principle accident types which lead to void forma-
tion are overcooling transients and loss of coolant accidents. For

these transients, voids are formed in the following manner:

Overcooling: - Too much primary to‘ﬂicondary heat transfer causes

LN o )
a drop of RCS vfb&r.,ature which causes a contraction

° A .
of flui%&entory, -a decrease in reactor coolant
pressuré, and a loss of.pressurizér liquid. Some of
the steam in the pressurizer flon into the RC piping
and collects in the hot legs. Because the RC pfes—
sure drops, some of the reactor coolant may-flash and

cause void formation in the hot legs.

LOCA: A LOCA results in a loss of RC inventory and a
reduced RC pressure. Voids are formed directly as a>
result of loss of RC inventory and. also because of
flashing of the reactor coolant as RC pressure
drops. The RC temperature does not drop as much as

it would for an overcooling event.

Figure 25 illustrates the buildup of steam voids and the formation of

a steam bubble in the upper hot leg piping.

The size of the steam bubble will depend on the rate of system over-

cooling or loss of inventory versus the rate at which HPI adds
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water to the RCS to refill it. If HPI is large compared to the other
things no steam bubble will form at all and natural circulation will

not be lost.

If a steam bubble does form its ‘eze has a direct effect on‘prlmary
to s'econdary heat trans r..%‘ the bubble is big enough such that
the hot leg level is at or below the secondary side feedwater level
then steam can be condensed within the steam generator and the steam
generators can still remove a large amount of decay heat. This is a
boiling mode of natural circulation (reflux) and is illustrated in
Figure 27. Refiux boiling. is an expected.shall break‘iOCA conditibn.
If the steam bubble is smaller and steam cannot be‘condéhsed in the
steam generator (see Figure 28) then primary to secondary heat
transfer will be much lower. In this condition the RCS may heat up

and might repressurize. Several. examples of accident conditions that

could get into this mode of operation are:

1. Small LOCA's where HPI can match the leak rate (at reduced
RCS pressures) and refill the RCS.

2. A severe overcooling event (e.g.,'major steam line break)
in combination with delayed actuation of HPI.

3. A total loss of feedwater,.where EFW is restarted after
the RCS is in a highly voided condtion and the HPI is

refilling the RCS.
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Figuré 27 shows reflux boiling (Boiling in the reactor vessel and
condeﬂsing in the steém generator) with a saturated hot ieg and RCS
pressure near the steam generator pressure. For this condition, it
is important to insure that 1) SG level is at 957 on the operating
range (to allow the' condensed reacAr coolant to flow over the cold
leg pump elevation and into .¥ cpre) and, 2) HPI is on at a high
capacity (two pumps). &:‘.heck onf co;;fainment pressure and tempera-
ture bconditions should also be made to see if the cause is a LOCA.
If LOCA conditions are indicated, an immediate plant cooldown at
design rates (100F/hr) should be initiated. The P-T diagram should
be monitored to see if subcooled natural circulation returns or

reflux boiling is lost,

If natural circulation has been lost and steam cannot be condensed in
the steam generators (that is, the steam bubble is in the top of the

candy cane but not low enough to be in the steam generator) the RCS

will repressurize. This mode of operation will be indicated (see

Figure 28) by saturated hot leg conditions with Reactor Coolant pres-—
sure above the steam generator pressure (SG pressuré may be dropping
due to lack of primary to secondary heat tranéfer). As indicatéd in
Figure 28 the same actions identified for reflux boiling apply to
this operating mode. In this mode, the HPI is refilling the RCS,
During refill, steam in the upper region of the hot leg piping will

be compressed and/or condensed as the water level in the loops and
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steam generator rises. 'In some cases (i.e., low decay heat with all

HPI  pumps on) sdbcooling and natural circulation will occur. with
minor -increases in RC pressure. Under other circumstances, it may be
difficult to fully condense the steam in the hot leg and restore
natural circulation. Figurg i8 sh the actions to take to restart

. .
natural circulation if the stg‘?&ﬁinerator can be used as a heat sink
and the RC pumpé are av%f&e for r.estart (see the RC pump restart
criteria 'in the "ﬁest Methods'" section). If the RC pumpé are avail-
able, pump bumps (short run times of 10 seconds duration) are
allowed. This momentary use of forced circulation tries to force
reactor coolant Stemh condensation by mixing it with liquid reactor
coolant and by moving the éteam into the generators where it can

condense. Use of the PORV to limit RCS pressure rise and to increase

HPI flow is also allowed (separate or in conjunction with RCP opera-

tion). To be effective the steam generator must be a heat sink; the

steam generator saturation temperature selected is  somewhat
arbitrary; it was chosen to ensure a strong temperature gradient for

condensation. When the pumps are bumped and steam is condensed the

"RCS pressure will drop as much as several hundred psi. HPI flow will

increase to help refill of the voids. If natural circulation starts
the RC pressure will stay low; if not it will repressurize and
another bump can be used about 15 minutes later (see the pump restart

guidelines).

Finally, a LOCA of a certain size could depressurize the RCS below

steam generator pressure before it settles to an equilibrium with HPI
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- (HPT will a.utomatic‘ally. start because this size LOCA will drop
‘pressure below the ES setpoint). If this happens the operator should
lower the steam generator pressure (using the TBS) wuntil the
saturation temperature on the secondary side is S50F below the primary
saturation temperature. This- willginsure the steam generators are.
heat s:.nks. Other actions ar%ﬂ\% same as discussed above for reflux

boiling (Flgure 27) %’%
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Inadequate Core Cooling (ICC)

The first objective of the operator during any abnormal traﬁsient is
to keep the core cooled. As discussed in Addendum A, core cooling is
taking place whenever the reactor coolant.'is in a subcooled or
saturated state and the core Af“;25vered. If the reactor coolant
becomes super-heated, the .%f}ha; Seen,' uncovered and is not t;eing
adequatély cooled; that Yis, decay heat is mot being . removed. fast
enough and the temperature of the fuel and cladding are increasing.
This, in turn, causes the reactor coolant to heat up, flash to steam,

and become superheated.

Inadequate core cooling is . not expected., However, any reactor
. transient can become an inadequate core cooling event if enough
equipment failures happen. These events have a low probability of

occurrence. Some examples where ICC conditions could develop are:
1. Small LOCA with a total failure of the HPI system.

2. Total loss of feedwater (both main and EFW) with a total failure

of the HPI system.

3. A total loss of power (including a failure of both Keowee
generators to start) with a failure of the steam turbine-

driven EFW pump to run.
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4. During a small break, tripping the RC pumpsv at a time

period when the RC void fraction is about 70% or greater.
The intent of the Inadequate Core Cooling (ICC) guidelines is:

1. To allow the operator\é‘ Ldentlfy when core cooling 1is

inadequate. “ %

2. To provide the operator with a way to estimate the severity of

the accident.

3. To identify those systems which are vital so that the operator's
attention will be focused on these items in his attempts to

re-establish core cooling.

4, To identify some known alternative actions to try to correct or
minimize the consequences of the accident until normal cooling
can be re-established. These actions are based on the severity

of the accident.

ICC 1is indicéted when the reactor coolant pressure and temperature
enter the superheat region. This condition can occur with and with-
out forced circulation. TIf the RC pumps are operating superheated
conditions imply that the reactor coolant is nearly all steam (see

Figure 24a- Time IV). That is, the liquid in the RCS has been lost,
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due to a leak in the primary system or boiled off out the safety
valve by decay heat, and the steam mass left within the system is not
enough to remove core heat even though it is circulated by the RC

pumps. When the RC puﬁpé are off, core cooling is accomplished by

keeping the core covered withua<{iS@m-water mixture. If not enough

B [ ] .
cooling water (HPI) is sup&*::to make up for losses, the core will
. Y
become uncovered and & core exit fluid temperature will become

superheated (see Figure 24a - Time IV.)

Superheated temperatures, as indicated by the core exit thermo-
couples, are ICC symptoms, (NOTE: Incore Thermocouples are the only
valid temperature measurement when the RCS is not circulating).
These indicators éan also be used to estimate how bad the situation
is. Analyses have been performed which show the relationship between
core exit steam temperature and fuel cladding température for various
RC pressures (see Figure 29). This fighfe‘ gives the following

information:

1. When the RCS P&T cqnditions are superheated but to the left
of curve 1 on Figure 29, an ICC condition exists but it is

not bad enough to cause core damage.
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2. If the RCS P&T conditions reach or exceéd‘Curve 1 on Figure
29, the cladding temperéture in the high power regions of
the core may be 1400F or higher. Above this temperature,
there is a chance for rupture of the fuel rod cladding
material. A chemical read&&on between the cladding and the

L] .
‘water at high tempe%ﬁ&as also occurs and will add heat to
the fuel rodsﬂ%ﬁgkgasing>the‘chanées of fuel failure. The
clad-water reaction also cau;es free hydrogen formation
which collects in the reactor loops and may escape to the
building. The accumulation of hydrogen in the RCS can also

block natural circulation when water is added to the RCS.

3. If RCS P&T conditions reach or exceed Curve 2 of Figure 29,
the cladding temperatures in the high power regiouns of thé
core may. be 1800F or higher. This is a very serious
condition. At this level of ICC, significant amounts of
hydrogen are being formed, and core damage may be
unavoidable. E%treme measures are warranted to prevent

major core damage.

‘If an ICC condition happens, the operators should try to get equip-
ment working to supply water to the reactor and/or steam generator.

The general strategy during ICC is as follows:
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1. To check vital equipment
‘@ All available HPI on with flow into RCS. For a total
loss of feedwater, the HPI must be manually started.
ES will mnot be actuated automatically since RCS
pressure does‘nQ£ d ggige.
e FW to at leas ga}:stéam-generator with level at 95% on
operating §Q>ge level lnstrumentatlon.
2. Start any backup equlpment to correct for problems found in

vital equipment check.

e Start standby MU/HPL pumps.
e Take Quction from any available borated water source.
e Start MFW if EFW is not operating.
° Sﬁart an& backup pumps which-can supply water to the steam
gen;rator if MFW and EFW are not operating.
3.. Minimize the consequences of the event 'if conditions
degrade.
.e Start RC pump to circulate primary system fluid (water

or steam) through core. This action will make avail-
able water trapped‘in the lower region' of the‘reactor
vessel and the loops for core cooling (seg Figure 24a -
TIME IV) and provide improved heat tfénsfer due to
fofced convection which will provide additional time to

restore emergency injection.
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e Attempt to decrease RC preséufe by opening the PORV in
‘order to increase the rate of available high pressure
injection.

o If secondary cooling is available, decrease primary
pressure by Vdecreassﬁﬁ SG pressure. This action is

directed at maEnbg. he core flood tanks and LPI system

. OSF o
avallable% estore core cooling.

‘In general, the ICC strategy depends on operator action to locate and

correct the cause of low RCS inventory or to take alternate actioms
to make backup sources of cooling water available. Some of the
actions identified above can be detrimental to major components, and
others carry a certain amount of risk, but keeping the core cooled is
the first priority. For examéie, an emergency cooldown/depressuriza-
tion of the system may impose high thermal stresses on the SG intern-
als; this gction can be shown to be acceptable but it challenges the
design to its limit, A second example would be the restart of one or
more RC pumps. This action carries some risk because later on a pump
trip may leave the RCS with iess water than before. These risks are
small compared to those which <could happen with extensive core
damage. Because the severity of the ICC condition can be estimated
(by using Figure 29), the appropriate actions have been picked so
that the risk» of the action is small compared to the core conse-
quences if the action is not taken.‘Thesé actions are outlined below
and are based on where the RC pressure-incore thermocouple tempera-

ture (P-T/C) combination corresponds to the curves of Figure 29.
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If the P-T/C combination is between the saturation curve and Curve 1

superheated conditions exist and the operator should:

1. Verify emergency cooling water‘ii being injected through all HPI
nozzles into the RCS, » :‘{f |

2. Initiate any additi aj‘éburceéﬂéf éogling water available such
as the standby makeup pump, |

3. Verify the steam generator level is being maintained at the emer-
gency level,

4. 1f steam generator level is not at 95% of operating range, raise
level to the 95% level, |

I1f the desired steém generator ievel cannot be achiéved, actuate
any additional available sources of feedwater. |

6. Establish 100F/hr. cooldown of RCS via steam generator pressure
control untii secondary steam saturation temperature is 100F
below the incore thermocouple temperature.

7. Open core flooding line isolation valves if previously isolated.
8. 1f RC pressure increaées to 2300 psig, open the pressurizer PORV

‘to reduce RC pressure and reclose PORV when RC pressure falls to -

100 psi above the secondary pressure.

- EE IN &N N B BN B B BN D BN S BN B B B B .
wn
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These actions are directed toward depressurization of the RCS to a
pressure at which the ECCS water input exceeds core steam generation.

The alignment of other sources of cooling water is the recognition

that the injection of the HPI system alone is not sufficient to

e\
IR

. ° 4
I1f the P-T/C combination‘a’ between Curve 1 and Curve 2 of Figure 29,

exceed core boil off.

the operator should do the following:

1. Start one RC pump in each loop; do not defeat RC pump interlocks.

2. Depressurize‘the steam generator as rapidly as possible to 400 psig
or as far as neceséary to achieve a 100F decrease in RCS satura-
tion temperature, but not below the steam pressure necessary for
.EFW pump tﬁrbine to deliver EFW.

3. Immédiately continue the ~plant cooldown by maintaining a
IQOF/hr; cooldown rate until the secondary saturation tempera-
ture is low enqugh to achieve a 150 psig RC pressure.

4. Open the bower operated relief valve (PORV), as necessary, to relieve

RCS pressure and vent non-condensible gases.

The operator action in starting the RC pumps will provide forced flow
core cooling and will'.reduce the fuel cladding temperatures; The
rapid depressurization of the steam pressures will help to depres-
surize the primary system to the point. where the core flood tanks

will actuate. Stopping the depressurization at 400 psig (or as far
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as necessary to achieve a reduction in RC saturation temperature of
iOOF) ‘will maintain the OTSG tube to shell temperature difference
wiﬁhin the design limit. The continued cooldown to 150 psig will
reduée. the primary system pressurée to the point where the Low
Pressure Injection System can-sup a cooling. The opening of the PORV
will also help to depressurié: ‘gg’primary system. The PORV should
be closed when the érimw ressurew i‘s'/:‘within 50 psi of the second-
ary pressure and then should only be>used as necessary to maintain
the primary system pressure at no greater than 50 psi above the

< : secondary system pressure. This method of operation will minimize

S the loss of water from the primary system through the PORV.

If the P-T/C combination is to the right of Curve 2 of Figure 29, the

operator should:

1. Depressurize the steam generators as rapidly as possible down to
a;mospheric_ pressure while ensuring sufficient steam pressure
remains in the steam generators to operate the turbine driven
EFW pump.

2. Start the remaining RC> pumps. Defeat starting interlocks; do
not defeat overhead trip circuit.

3. Open the PORV and leave it open.
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The goal of these actions is to depressurize the RCS to a level where
the core flooding tanks will fully discharge and the LPI system can

be actuated thus providing prompt core recovery.

After reaching Curve 2, significaﬂ core damage may have occurred

®
which will add significant r“{&c’tive contaminants to the reactor
: e R | s

coolant. ‘ Q‘

Special cooldown precautions need to be followed to coantain these

contaminants. These include isolating the DH rooms.
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E. - BEST METHODS FOR EQUIPMENT OPERATION

During an abnormal transient the operator has to perfdrm several
actions to control different systems. This section will show the

best ways to do the following things:

. ‘; “\
[ ]
e Start and Stop RC Pun:&'&
° Throﬁtle or Stowﬂ" | an

e Throttle or Stop Emérgency>Feedwater
e Stop Main Feedwater

e Use the Incore Thermocouples

e Cooldown with One Generator out of Service

RC Pumps
During the course of an abnormal transient the RC pumps may be
stopped and at a later time may be restarted depending on the kind of

transient and the conditions of the reactor coolant system.
In general the reasons for stopping the pumps are:
. To prevent pump damage

e to prevent possible core damage if a small break LOCA occurs

In general the reasons a pump may be restarted are:

° To start natural circulation if it has stopped
° To allow a faster rate of cooldown and RCS depressurization
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® To provide core cooliﬁg if -the core has become uncovered -
(inadequate core cooling)

° Prevent b;ittle fracture of the reactor vessel when the
reactor coolant is subcooled and no circulation exists.

A
This section will show the %ﬂ&s for stopping and restarting RC

pumps. | Q.‘.

RC Pump Trip

RC pumps must be tripped during a small break LOCA to prevent core
damage. If the pumps were kept running they would force steam and
water by the break; because the water is forced by the break more
reactor coolant mass is lost than if they were not running. As long
as the pumps continue to'run the core will be cooled by the steam and
water mixture circulating through the core. But if the pumps are
tripped at a later time, when very little liquid remains invthe RCS,
the.steam and water remaining in the vessel and loops will separate.
Steam will collect in.the high poihts and water will collect in the
low points. If enough water doeé not collegt in the vessel the core
wili be uncovered and will not be adequately cooled. Core damage can
result. Analyses show that a later pump trip can be dangerous, but

an early pump trip is safe.

The RC pumps must be tripped upon loss of subcooling margin. A loss

of coolant accident will nearly always cause a loss of subcooling
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margin. Other transients, suchvas' severe overcéoling or loss of all
feedwater can also cause loss of subcooling margin. . Because the
effets of failure to immediately trip RC pumps during a LOCA can be
very serious, the operator should trip the pumps on the loss of

subcooling margin without trying to ‘&nd out the cause.
’ i [

A |
To avoid failures whic%'my cause the pumps to trip late, the

following rule is given:

RC PUMP TRIP RULE

The RC pumps shall be tripped
immediately whenever the subcooling

margin is lost.

NOTE: IT IS ABSOLUTELY. MANDATORY TO TRIP THE RC PUMPS IMMEDIATELY
BUT IF THE PUMPS ARE NOT TRIPPED IMMEDIATELY (YI.E., WITHIN TWO
MII;IUTES) WHEN THE SUBCOOLING MARGII“I IS LOST IT IS MANDATORY THAT THEY
SHOULD NOT BE TRIPPED AT A LATER TIMi:‘.. .THE OPERATOR MUST MAKE SURE
THAT COOLING WATER AND SEAL INJECTION ARE WORKING TO PREVENT PUMP _
DAMAGE. THESE SERVICES MUST BE‘MAINTAINED FOR SEVERAL HOURS. IF
MECHANICAL DAMAGE TO THE PUMPS CAN OCCUR THEN TWO PUMPS (ONE IN EACH
LOOP) CAN BE STOPPED. THE TWO REMAINING .PUMPS‘ MUST BE KEPT RUNNING.
IF THEY FAIL THE TWO PUMPS WHICH WERE STOPPED SHOULD BE STARTED EVEN
IF MECHANICAL DAMAGE CAN OCCUR. THE OPERATOR MUST ALSQ TRY TO GET AS

MUCH HPI FLOW INTO THE RCS AS POSSIBLE.
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The RC pumps can be tripped to prevent mechanical damage in all cases
except the one noted above. Mechanical damage is not expected to

cause safety problems unless total seal failure occurs.

It is desirable to trip the_‘“_pumps&o prevent mechanical damage in
) °

case they must be restarted .$§3.1ater time. Preserving the pumps

for long term cooling or%g&iown is -desirable, and it is recommended

that they be shut down if high vibratidn or loss of cooling services

occurs. Limits on continued pump operation are given in the "Plant

Limits and Precautions". These limits apply to normal and emergency

services.

Table 5, "Rules for RC pump Trips" summarizes these requirements.
Included in this table are the limits on pump operation because of
failures of cooling water and seal injection. These limits are shown

because containment isolation can affect cooling water.

When the RC pumps are tripped to prevent mechanical damage, main
feedwater will be automatically diverted through the upper nozzles
and the steam generator level setpoint will be changed to 50% on the
operating range. The setpoint will also change to 50% automatically
if EFW is in operation. The operator should make sure that natural
circulation starts. If compbnent cooling water only is lost, time
exists to raise the water level before the pumps are tripped. If

LPSW cooling water only is lost, ten minutes are available for
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_ raising SG water level before the RC pumps must be .tri.pped.l If the
l pumps are tripped on loss of subcooling margin, natural circulation
' may or may not start depending on the amount of steam in the RCS.

‘ Nevertheless .a check on natural ci{:ulation is desired. Actions to
' establish natural circulation wl&n. the pumps are tripped because. of
' subcoqliné margin areﬁm in thepump restart criteria which
' follows. |
|
|
!
|
1
i
|
.‘

.-.
I
i
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TABLE 5 - RULES FOR RC PUMP TRIPS
RULE REASON

1.

The RC pumps shall be tripped'
immediately whenever subcooling

margin is lost.

oV

2. *1f LPSW cooling water to the RC pump

motor is lost and the pumps are
running, cooling water must be
restored within 10 minutes or the

RC pumps must be tripped.

3. *If seal injection and LPSW cooling

water are lost to a RC pump for a
period longer than 60 seconds, the

pump(s) must be tripped within the

next 30 seconds and the seal return.

line closed 90 seconds later.

These rules do not apply if the
pumps were not tripped immediately
after the subcooling margin was
lost. The operator should try to

restore LPSW cooling water.

ey
W

‘water -in the RCS is low.

Precludes the potential for un-
covering the core (ICC) during a
small loss of coolant accident due

to a pump trip when the amount of

Pump trip precludes motor failure

and minimizes the chance of a fire

"inside containment due to lack of

cooling water to the RC pump

motors.,

Pump trip precludes damage to the
pump seals and the chance of a

LOCA. .- Injection and/or LPSW can

‘be reinitiated by following pump

manufacturer's instructions. If
possible, an engineering
assessment should be performed
before restarting since seal.
failure could occur due to a
high temperature in the seal

cavity.
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RC Pump Restart

Core cooling and -plant control are best if the RC pumps are running.
Pumps can be restarted after trip if the reactor coolant conditions are
right. Therefore, to complement the RC Pump Trip Rule given previously,

conditions when the pumps can be"'r'eit&:ed are given. These conditions
[ J .
¢

: Héyg been carefully chosen so that

cover both LOCA and non—-LOCA eveng 2
L ] '
a pump restart followed sh%ly afterwards by an inadvertent trip will

prevent fuel damage for small breaks.

Restart of the RC pumps is desirable for several reasons:

® If natural circulation was lost, the pumps can be used to restart
it. ' |

° . If the plant must be éooled down and depressurized, the RC pumps

will permit use of the pressurizer sprays.

e e . Cooldown v)ill be faster with forced circulation and the decay heat
removal system can be placed in operation before the BWST is
depleted. ’

o If sevefe Inadequate Core Cooling (ICC) conditions exist the RC

pumps must be restarted.

The major effect of restarting the RC pumps is to increase the rate of
heat transfer from the core to the steam generators; or if natural cir-
culation has stopped and there is no heat transfer from the core to the
steam generators then a pump restart will help to restart natural circu-

lation. Because the purpose of restarting the pumps is to increase core-

- -) - _ - -‘ ‘- "-\

to-steam generator heat transfer, it is necessary that the steam generator

am .
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be available for heat removal. The steam generaﬁor will remove heat if:
1) the steam generator saturation temperature is lower than the RCS incore
thermocouple temperature - a SOF temperature difference is a good rule of
thumb to use, and 2) the steam generator is fed with main or emeréency
feedwater. It 1is necessary to start N pumps in the loép with the
operating steam generator if on .‘h;-ig'in'service, and it 1is best to
start the pumps in the loop w&: the pressuriz'e‘r spray if possible. Since
it is preferablé to keep the pumps operable, a pump restart is not desired

if mechanical damage can result.

. n
- — A ;
/

One RC pump may be restarted gnd run to prevent brittle fracture when ﬁhe
reactor Coolanﬁ is subcooled and the core is being cooled by HPI cooling
and no circulation exists. For this unusual situation, which can be
caused by a prolonged loss of all feedwater, one RC pump may be run even
though there is no steam generator cooling. However, it should not be run
if mechapical damage can occur. .If subcooling is lost the RC pump should
be stopped. See the '"Backup Cooling" Chapter for details about brittle

fracture.

Inadequate Core Cooling is a condition where the reactor coolant is super-
heated. This is a condition when core damage could occur. For this
condition, exceptions are taken: 1) RC pumps can be restarted if the
steam generators afe not available, and 2) If severe ICC conditions exist,
RC pumps must be restarted even if mechanical damage can occur. For all

other cases of pump restart, mechanical damage should be avoided.

DATE : 3-2-81 : PAGE 149




BWNP-20007 (6-76)

BABCOCK & WILCOX

NUCLEAR POWER GENERATION DIVISION

TECHNICAL DOCUMENT | | 76-1123298-00

_NUMBER

When the RC pumps are restarted the operator should expect to see pressure

changes in the RCS.

o If the reactor coolant is subcooled and the pressur'izer is
filled solid, an abrupt rise in pr‘_essﬁe will occur.
. E P :
e If the reactor coolant islsubco.sgd‘__wi_tb a near normal
pressurizer level, almost%’%auge‘; will occur.
e If the reactor coolant is two-phase and saturated, a pressure drop

will occur when the heat removal rate of the steam generator

increases.

Table 6, "RC Pump Restart Guidelinles", shows the conditions when the pumps
can be restarted. The table is divided into three parts: subcooled, satu-
¥ rated, and superheated. Guidelihés for restart of the pumps in the sub-
cooled and saturated conditions are dependent on the existence of liquid
or two-phase natural circulation. Generaliy, if natural circulation does

not exist the RC pumps are "bumped" to try to start natural circulation;

if natural circulation does start then that is a good indication that a
large amount of water is in the RCS. "Bump" means to start a pump and run

it for 10 seconds, then turn it off.

When it is '"bumped" it will cause hot reactor coolant in the vessel and
hot leg to move into the steam generator; and a pump "bump" will cause

cold water in the steam generator to move into the reactor vessel. This
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will stimulate the thermal centers and cause natural circulation (if
enough water is in the RCS). When the RCS is saturated the '"bump" may or
may not start circulation, but it will help to depressurize the RCS by

condensing reactor coolant steam in the generators and allow more HPI to

A
o

The "bumps' are used only evﬁafﬁ§g minutes because: 1) that will limit the

flow into the system.

liquid flow out of the break -and 2) it will take some time for natural
circulation to develop and stabilize. Between '"bumps" the development of

natural circulation can be checked.

Table 6 shows two colﬁmns when the RCS is saturated - one with natural

circulation and one without. Both show that HPI is on.

When natural cirCulation exists the steam generator Tgat Will be close to
the incore‘thermOAOuple temperature; if Tgyp is changed the incore thermo-
couple temperature will follow. If the incore thermocouple temperature
does not change when Tgat changes the steam generators are not coupled to
the reéctor coolant system. Extended saturation.zish the steam generators

available as a heat sink can only exist because of a LOCA.

For the condition with no natural circulation the operator is directed to
perform several "bumps'; if after four bumps natural circulation does not

start, then one RC pump should be run for cooldown. Natural circulation
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.will not start when there is not enough waﬁer in the‘ RCS. The reasons fof
this exception, which goes against other requirements that do not permit
RC pump operation when the subcooled margin is lost, are that the RCS must
be depressurized and placed on the decay heat system before the BWST rums
dry (to avoid HPI recirculation from ‘e sump) and that the several
"bumps'" have consumed time. This t“e‘\.as allowed the decay heat load to
[ J
drop. The HPI system is now Wa&e of adding enough water to make up the
flow out of the break and remove all of the heat. There is no chance for
the core to become uncovered when the RC pumps are run at this time when

: the HPI system is working. ’ ' .
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TaLe 6 RC PUMP RESTART GUIDELINES

( INADEQUATE CORE COOLING)

REACTOR COOLANT
CONDITION

SUBCOOLED WITH NATURAL CIRCULATION
EXISTING

SUBCOOLED WITH NO NATURAL CIRCULATION

SATURATED WITH NATURAL CIRCULATION

EXISTING (HPI ON)

SATURATED WITH NO NATURAL CIRCULATION
(HPI ON)

SUPERHEATED WITH CLAD TEMPERATURE GREATER
THAN 1400F (CURVE 1 OF FIGURE 29)

SUPERHEATED WITH CLAD TEMPERATURE GREATER
THAN 1800F (CURVE 2 OF FIGURE 29)

Restart Actions

Confirm that at least one steam generator
is a heat sink. /

e Start and run the RC pumps in the loop -
with the good steam generator.

o Confirm that no RC pump damage will occur. / ‘
.

e Confirm that no RC pump damage will occur.

e Establish at least one steam generator as

a

heat sink (T steam generator is at least
ﬁat

50F colder than incore thermoccuples).

e Bump pump once to see if natural circulation

starts. 1f it does, restart and run. If
wait 15 minutes then bump again.

not,

Special Case: When the plant is subcooled with

no natural circulation and the HPI system is

on,

the cold HPI water may cause thermal shock to
the reactor vessel. One RC pump may be started
to cause fluid mixing. Steam generator cooling

is not required.

SPECIAL PRECAUTION:

If subcooling margin is lost immediately
after pump restart and does not return in
about two or three minutes, the RC pumps
must be tripped and not restarted until
the subc@oh’ng margin is regained.

Do not restart.

Proceed with RCS cooldawn by
radually lowering steam pressure
and Towering RCS pressure with
the PORV.

¢ Confirm that no RC pump damage will occur.

e Establish at least one steam generator as a
heat sink (Tgat Steam generator is at least
50F colder than incore thermocouples).

e Bump pump once to see if natural circulation
starts. If it does, proceed with RCS cool-
down by gradually lowering steam pressure
and lowering RCS pressure with the PORV. If
it does not start, bump alternate pumps {one
every 15 minutes) until all four have been
bumped. If natural circulation has started,
proceed with cooldown. If not, Tower steam
pressure until the steam temperature is 100F
colder than the incore thermocouple tempera-
ture. Run the RC pumps and continue cocldown
and depressurization.

1f RC pump protective interlocks permit,
start and run one pump in each loop.

Start and run all RC pumps even if pump
damage can occur.




BWNP-20007 (6-~76)

BABCOCK & WILCOX

NUCLEAR POWER GENERATION DIVISION

 TECHNICAL DOCUMENT | | 76-1123298-00

NUMBER

ﬁPI Control

The HPI system is used for emergency injection of borated water to make up
for lost inventory from a small break. It may also be actuated for other
reasons. The operator will have to control the flow rate in different

ways depending on the cause of its'actuaﬂi?n. The general control actions

X0
§°% .

1. Maximize the flow for ECCS small break*

are:

2. 1If flow is abnormally low in one train, open the associated header
cross—connect valve and verify proper flow.

3. Throttle the flow to prevent runout and cavitation of the HPI‘pumps
at low pressure ‘ ’

4. Throttle or stop the flow to prevent filling the pressurizer solid
when the RCS 1s subcooled (ekcept during HPI cooling as described in
"Backup Cooling Methods").

5. Stop the HPI system when the LPI system is operating

6. Throttle the HPI to prevent brittle fracture when the RCS is

subcooled and no circulation exists.

*With 3 HPI pumps running, Train A flow should be  40-50% higher
than Train B flow. However, only two HPI pumps (one supplying each

train) are required.

Each one of these topics will be addressed and the best ways for handling
HPT will be shown. The discussion will be divided into two sections:

Maximizing HPI Cooling, and Throttling HPI.

DATE: 3-2-81 ' . PAGE 154




BWNP-20007 (6-76)

BABCOCK & WILCOX - NoweER
NUCLEAR POWER GENERATION DIVISION 76-1123298-00

TECHNICAL DOCUMENT

NOTE: Manual actuation of HPI should be accomplished on a component

level as opposed to a system level actuation by the ES. .System
| ’ | level actuation may also result in other actions (e.g., Keowee
start, non-essential RB 1isolation) that may not be desired.
Therefore, the operator should manually actuate HPI by opening
the BWST suction valves, st.%t'ing two HPI pumps (preferably the
TA! and.'C' pumps) g&.ng “the iﬁjection line isolation valves,

and closing the LDST suction valve. '

Maximizing HPI Cooling

HPI SUBCOOLING RULE: Two HPI pumps should be run at full

capacity when:
e The ES is actuated and the HPI is automatically started.
e The reactor coolant subcooled margin is lost and the HPI is

manually started.

NOTE: All three HPI pumps start on automatic initiation but only two
are required. Therefore, if all three are operating properly,
" the operator should secure one of the HPI pumps supplying Train

'A' (preferably the 'B' pump).
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When the HPI’systqm is started for either_of these two conditioms, its
purpose 1is té remove aecay heat either by '"once through cooling" or by
allowing the reactor coolant to transport heat to the steam generator.
"Once through cboling" or HPI cooling occurs when the injection water
_ passes through tﬁe coré, picks upnheatf<€nd exits through a break or the
. - T [ ]
PORV. In order to be most effectj‘s?%he‘ﬂ?l flow to the core must be the
greatest amount possible. ‘Qpi&‘ HPI pump will satisfy core cooling

requirements, but two HPI pumps are preferred.

Balancing the HPI flow is required to ensure that the greatest amount of
pumped flow enters the core. When the system is automatically actuated
the operator should check the floﬁ indicators on both injection lines. if
one injection line reads low flow, the associated cross-tie discharge
valve should be opened and cross-tie flow should be checked. This ensures
adequate HPI flow enters the core even if the 'C' pump or one of the main
injection valves fails. These actions, if required, must be completed

within ten minutes of ES actuation.

HPI Throttling

After it is started the HPI must be run at full capacity until the reactor
coolant system conditions allow it to be terminated or throttled.

Guidelines for throttling or termination and the reasons are given below:
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Guideline 1 for HPI termination or throttling:

HPI operation may be terminated if the LPI system has been started and
has been flowing at a rate in excess of 1000 gpm in each injection line
for 20 minutes.

N o

‘81: e LOCA when the RCS depressurizes

enough to allow the LPI to E“v"nto the reactor vessel. Since LPI will

~ This condition is appliéable to a

°
provide emergency injection at a much greater flow rate than the HPI, HPI
can be stopped. The 20-minute delay is used to make sure that the primary
system will not repressurize and result in a loss of LPI flow. The
minimum flow réquirement of 1000 gpm is used to make sure that the
injection flow can remove decay heat with no loss of reactor vessel water
inventory after HPI is stopped. 1000 gpm flow to each injection line is
required to make sure at least 1000 gpm gets into the RCS. A possible
break in one of the two LPI/CFT lines would allow LPI water to be lost out

the break and not reach the reactor vessel.

Guideline 2 for HPI termination or throttling:

o HPI may be throttled any time the reactor coolant subcooled margin is
restored,

o HPI may be sﬁopped any time the reactor coolant subcooled margin is’
restored and pressurizer level 1is on scale "low" ( 80") and
increasing. Normal makeup should be restarted. The one exception to
this guideline is the case where core cooling is provided solely by
HPI. 1In this case HPI can be throttled when the subcooled margin is
restored but not stopped until secondai:y heat removal is established,

even though the pressurizer will be solid.
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These guidelines apply to both LOCA and non-LOCA transients and are
intended to limit the amount of water going into the RCS so that the
pressurizer will not fill solid and let water discharge through the
pressurizer valves, The pressurizer can fill for two reasons:

- Continuéd HPI injection ,

- Reheat and swell of the reacv&o'q‘]_;a'nt after an

[ ]
overcooling transient l%f$en stopped.

Although the core will be covered and safe if ﬁPI is not throttled, it is
desirable but not mandatory to do so. If there is any doubt about throttl-
ing HPI then don't do it. If water were allowed to fiow through the pres-
surizer valves, the plant condi.tions could get worse. Continued flow
through the valves ;:0u1d filAl the quench tank and cause the rupture disc
to fail releasing watér to the containment, or the pressurizer valves
could fail to reclose and a LOCA would result. The one exception is HPI
cooling when the PORV is intentionally opened to provide a once~through
cooling path for HPI water. If the reactor coolant was very cold the

repressurization could cause a violation of the NDT limits.

An overcooling transient causes the reactor coolant to shrink. If HPI is
started additional water is added to the RCS. When the overcooling is
steépped the core heat will cause the reactor coolant and the added water
to swell. It caﬁ expand enough to fill the pressurizer. 1In order to

1imit the amount of filling the HPI can be throttled when the reactor
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coolant subcooled margin is restored and the HPI can be stopped when the
subcooled margin is restored and a low pressurizer level indication is
shown. The 80 inch pressurizer level indication was chosen because it is

the pressurizer heater cut-off level.

\

X
I1f the overcooling was severe thrg\&g'HPI alone may not be enough to
. ) ; . .
prevent the pressurizer fll%g so the reheat of reactor coolant must

also be limited. This can be done by lowering steam pressure. In most

cases a steam pressure reduction of 100 to 200 psi will work; however, the
opérator can monitor the effects of steam pressure by monitéring Tcold and
: pressurizer level and contr‘ol. steam pressure as necessary. The operator
should be careful not to lower steam preséure too much or the pressurizer
will drain. In many cases throttling or termination of HPI and lowering
 steam éress(n:e will keep the P-T from returning to the "post trip window'.

This is an acceptable end point if the system is stable.

For many reactor events that use the HPI system, subcooled reactor coolant
conditions will be returned in the first several minutes. When the
reactor coolant subcooled margin 1is established the following general

| procedure to control RCS inventory should be followed:

HPI Control After RC Subcooling is Regained
1. Avoid too much subcooling (high RCS pressure). There is a tendency
to think that if "adequate" subcooling margin 1is good, then 200F

subcooling must be better. The easiest way to get this subcooling
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‘is to allow HPI to run unthrottled and raise RCS pressure. This may
ead to unnecessary lifting of the primary safety valves (the time

between. 2200. psig and 2500 psig with two HPI pumps running un-
throttled is about 60 seconds). Also, there are transients such as

as a steém generator tube- ruptdﬂe where the higher RCS pressure

makés the outcome worse (laﬂki e ak rates) Therefore, the operator
should throttle HPI a% gin to stabllllze RCS pressure as soon as
subcooling margin is regained.
2. Check pressurizer level.
3. If pressurizer level is less than 80 inches, maintain HPI but reduce
the amount of flbw that is being added to the RCS.
e If two or more HPI pumpsbare running, stop all but one pump.
NOTE: Run the HPI pump which normally Supplies seal’
= ' injection.
o If pressurizef. level is on scale, throttle HPI wusing HPI
injection wvalves and attempt to stabilize pressurizer level.
NOTE: Do not decrease HPI flow below low flow limits ( 35 gpm).
e Maintain HPI at the reduced flow rate if.pressurizer level and
sﬁbcooled margin stabilizes (i.e., HPI is matching a leak).
o If pressurizer level continues to increase above 80 inches,

control HPI per Item &4 below (except during HPI ~cooling as

described in "Backup Cooling Methods").
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4., 1If pressurizer level 1is 1increasing and greater than 80 inches

(indic,;ated), realign ﬁhe HPI system into the normal makeup and
letdown mode.
e Monitor reactor coolant subcooling; restart HPI if subcooling
margin or pressurizer level 1; lﬁt
o Reset ES after. HPI has .‘n‘ stopped (if RCS pressure ié high
| N
)

S. If the RCS is subcooled and the pressurizer level 1is increasing

enough).
rapidly, it may also be necessary to open the turbine bypass valves
to decrease steam pressure to prevent the RCS from going water

solid.

Guideline 3 for HPI termination or throttling

e The HPI must be throttled to prevent pump. runout and cavitation

damage. The maximum allowable flow per pump is 550.gpm.

This guideline is implemented for pump protection so that core cooling
will continue. Calculations show that, even when the reactor coolant
system is at atmospheric pressure, the injection line orifices will
limit HPI flow to "~ 540 gpm per pump. However, the additional flow
through the rec-irc‘;ulacion lines can result in total pump flow slightly

greater than the 550 gpm limit.
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Guideline 4 for HPI termination or throttling

e The HPI low flow limit is about 35 gpm. Total pump flow should

not be throttled below this limit.

Pump overheating and damage can",dccurﬁt very low flows. The total flow
: - ‘®

is a combination of the recirculwo"flow and the injected flow.
[ J

% N

Guideline 5 for HPI termination or throttling:

e HPI must be throttled to prevent brittle fracture of the reactor

vessel when the reactor coolant is subcooled but not circulating.

The RCS pressure/temperature combination must be kept within certain
" limits to assure reactor vessel integrity. These limits are dependent on

whether there is Forced FLow, or NO Forced flow:

Forced Flow

As long as at least one reactor coolant pump (RCPs) 1is running, the RCS
pressure and temperature must be kept: within the normal technical speci- -

fication NDT limits (Region I & II of Figure 25).

With at least one RCP rumning, any cold leg RTD can be used to determine
the temperature for comparison to the NDT limit. However, due to back

flow in the cold leg pipes without an operating pump the cold leg RID in
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these loops will indicate temperétures_ slightly lower ( ~ 2F) than in the
cold 'leg'pipes with running RC pumps due to the relatively cold HPI and

seal injection water added to the back flow.

No Forced Flow ' \

I1f the RC pumps are WNOT runnlng,W&RC pressure/temperature combination

.must be kept within the no %&d flow reglon of Figure 25 (Region II).

The reactor vessel downcomer temperature will be colder during no flow
conditions than during Forced Flow conditions. The "Interim Brittle

Fracture Limit" of Flgure 25 is designed to account for these colder

temperatures. These colder temperatures occur because the HPI flow.

entering the RCS does not cofnpletely mix with the reactor coolant as would‘
happen if the RC pump were operating. The HPI water, which can be as low
as 4OF iper Technical Specifications, will enter the cold leg pipe then
flow into ﬁhe RV downcomer to cool the reactor vessel walls. These colder

RV temperatures will cause the allowable RV pressure to be lower.

The "Interim Brittle failure Limit" requires throttling the HPI flow.
This will reduce the brittle fracture probability by first reducing the RV

pressure and second reducing the HPI cooling of the RV.

The "Interim Brittle Fracture Limit" of Figure 25 is based on several con-
servative assumptions, consequently, small violations of this limit are

more tolerable than similar violations of the subcooling margin. However,
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if the "Interim brittle fracture Limit" is exceeded, the RCS pressure
should be reduced to regain the no forced flow operating region as quickly

as possible,

a) Monitoring Thermocouple Temperat‘ure’s'\

e . :
With no RCPs running, the av%'gg_.of ‘the five highest thermocouple
° (LR it LA
(TC's) temperature readi%’%ould be used to determine the RC temp-
erature for Figure 25. This will assure that the subcooling margin is

maintained and that the brittle fracture limit is not exceeded.
The use of the 5 highest TC's is preferred for the following reasons:

1) The operator monitors the five highest TC's for other reasons

(1cc), i.e., the data is available and the operator need not

R

perform additional data reduction.

2) The conservatisms in the brittle fracture analysis are more than
~adequate to support the slightly higher system pressures and
slightly lower downcomer temperatures by using the five highest
rather than five lowest thermocouple readings.

3) The allowable temperature span between the subcooling margin
limit and the NDT limit for RCS operation is relatively narrow.
Consequently, the operator éhould use the same instrument for
avoiding both limits. If the subcooling margin is determined by
averaging the five highest thermocouple readings, the margin to
the brittle fracture limit should be determined with the same

readings to avoid overlapping limits.
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Without a'. RC pump on and HPI injection, with or without natural cir-
culation. the cold leg temperature detectors cannot measure thé RV
downcomer temperature because r;he RC loop flow and HPI flow mix
downstream of the temperature detector. The ratio of the HPI flow to
RC loop flow 1is substantial. or&equently, the resulting mixed
temperature of the two flui \;g be substantially lower than the
cold leg temperature indi&lon. The ratlo of the two flows will vary
with the size of break in the reactor coolant pressure boundary. The

larger the break the more the HPI flow and the less the reactor

coolant flow.

During natural circulation the hot leg temperature detector with loop
flow can be used to indicate core outlet temperature. However, to
éimplify the operating instruction the same thermocouples are to be
read, .whether or not natural circulation exists. Therefore, the
operator does not have to determine if natural circulation exists or

to switch from one measuring device to another.

If HPI flow does not exist, the operator should use the normal P-T
limit curve during natural circulation and the cold leg temperature

detector in the loop(s) with natural circulation flow.
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b) RCS Pressure Control

With no RCPs running, throttling thé HPI flow is the only method for
gradually reducing RCS pressure. Also, without primary to secondary
heat transfer, the rate of cooldown is dependent on HPI cooling
through the break ('opening thePOl{A necessary only if the break is -
so small that RCS pressure hqgf: ’inéfeasing). Therefore, careful and
consistent throttling of‘aﬁ;l fléw iQS ﬁhe only available means to
ensure that the RC pressure/temﬁerature combination remains within the

no forced flow operating region of Figure 25.

¢) Restoring Natural Circulation

If a RCP cannot be started, natural circulation should be obtained to
provide some HPI mixing as well as providing good heat transfer from
- the primary to secondary coolant. * With natural circulation, the cold
HPI water will mix with cold leg flow and feduce the thermal shock to
the reactor véssel. Howevér, the RC pressure/temperature should still
be maintained within the no forced flow operating region of Figure 25.
The brittle fracture concern is eliminated entirely when RCPs are
running and RCS P/T ié maintained within tech Spec NDT Llimits.
‘Therefore, as soon as subcooling is obtained in the RCS, a RCP should
‘be restarted. Then the reactor vessel downcomer pressure/temperature

should be kept within the normal NDT limit.
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HPI VALVE CONTROL

The HPI valves will be used to ?educe HPI flow until the RC system pres—
_sure becomes low enough to initiate the LPI or DHR system. If a small
break exists,.the RC pressure will have to be reduced to the LPI operating
pressure. If only a loss of fee@wateiﬂexists then the RC pressure need
only be ‘reduced to thé DHRS ope;'.a%"n utégrﬁessure (unless secondary cooling
is re-established) and thed‘bﬁe pressﬁrigefiﬁgwer operated relief valve

should be closed.

without feedwater the time to depressurize will depend on the size of the
break. = The HPI flow will be performing two functioms. It will be.main-
taining system pressure which will be a function of the HPI pump head and
the choked flow out the break. It will also be removing decay heat from
the core. The amournt of decay heat Qill determine the amount of HPI flow
needgdtaﬁd the HPI flow will éstablish the RC pressure. Consequently, as
the decay heat decays the HPI flow can be throttléd back which will cause

the RC pressure to reduce.

With feedwater and natural circulation or a pump operating, the HPI flow
to the core is needed only to control pressure. The steam generator will
remove heat. Consequently, the RCS can be depressurized much quicker.
The steam generator can cool the core as quickly as possible up to the
100F/hr. limit. SﬁnultaneOusly,.the HPI flow will be throttled to main-

tain the RC pressure within the acceptable P-T limits.,
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The HPI flow rate should be balanced among all injection nozzles to
distribute the HPI flow around the reactor vessel downcomer as much as

possible. This will limit localized cooling of the RV.

During plant cooldown a situation may Q‘Eur where the RC pressure cannot
[

be reduced by throttling HPI flo\'%his will have been caused by hot

. ® .

water flashing to steam in e“&of the RC hot leg 180 degree elbows (due

to no flow in one or both loops) or in the pressurizer (PORV closed).

" RC pump operation and opening the pressurier PORV is required to eliminate

the problem.
The operator should attempt to remove the RC loop steam and hot water by
bumping a RC pump in the loop with natural circulation flow. If no natu-

. ral circulation flow exists any RC pump can be bumped.

If a break does not exist in the pressurizer the PORV should also be open-

ed to reduce RC pressure.

These guidelines are summarized in Figure 30.
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Feedwater Control

Abnormal transient operation with main or emergency feedwater requires
special attention to feedwater control. Failures can cause too much
water to be added. Excessive main feedwater addition can fill the steam

lines with water (steam lines &maa fail) and cause wundesirable
‘ AN

overcooling, especially if f‘dwker heating is lost and cold water is

Ad
added to the steam gener&r._ Excessive emergency feedwater can have

the same general effects, but it will cause a more severe cooldown be-
cause of the greater steam pressure reduction effect due to 'the colder
water. Both excessive main and emergency feedwater may require that
quick actions be taken to stop it. Emergency feedwater may also cause
overcooling when the stea%n.generator level is being- faiséd even though
no ‘failures have o;:curred. In order to limit overcooling, emergency
feedwater’ should be throttled. This section will recommend the best

methods for manual control.

Main Feedwater Overfill

The procedural guidelines in Part I assume worst case (very rapid) MFW
overfill conditions and therefore direct the operator to immediately
trip both MFW pumps. This section, however, presents less severe

actions that can be taken in the event of slower overfill transients.

Both MFW pumps should trip automatically when one SG reaches a level of
95% on the operate range. However, the operator should act to terminate

excessive feedwater as soon as it is discovered rather than rely on the
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pump trip. 'Therefo_re, to regain control and stop main feed;vater :
.overfilling when a failure of the controls occurs (the followingv gives a
series of increasingly mdre severe actions):
e Attempt to manually control the feedwater pumps with the hand/auto
station; this may not ‘;Jork if ot ‘&ntrols to the éumps have failed,

so be prepared to qumkly@k‘the next step.

e Close the feedwater Qlatlon Valveyto the high flow generator.
This action is preferred to closing the control valves or running
back feedwater with the ICS feedwater demand hand station because.
those controls may have failed and could have been the reason for
the excessive feedwater. Closing the isolation valve cuts off
feedwater to only one generatdr and does not cause a total loss of
main feedwater.

e Trip the main feedwater pumps. This is the quickest and surest
method of stopping the overfill. It is also the preferred method if
the OTSG is overfilling rapidly. This will stop all feedwater to
both generators (it will be a loss of feedwater, but since the
generators have a large inventory the heatup effects 'will be
delayéd). This action can be taken if both generators have failed
feedwater or the other actions do not work.

e Flow should be monitored in all cases; it will show the effects of
corrective action faster than level. The cort_‘ecﬁive actions must be
taken within 2-3 minutes to prevent steam generator overfill (water

level at the top of the shroud). If all main feedwater has been
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been stopped, the operator should make sure emergency feedwater .starts
so it can start to inject when the generator water level boils down to

the automatic setpoint.

Emergency Feedwater Overfill \
[ ]

To stop emergency .feedwater fr‘&lling oﬁe steam generator:
’ E ® T .

e Attempt to close the @%ol ‘valve t‘ofhigh level/high flow steam
gene.rator. This may not work if the valve controls have failed.

e Trip one EFW pump (select the motor-driven pump supplying flow to
the high 1level/high flow generatdr)' and close the cross connect s
valve to prevent the turbine-driven pump from supplying flow to the
bad .generator. To restore Aemergency feedwater operation the failed
control valve may be closed manually and the bypass valve around the
control valve may be opened. ' The pump can be restarted and the

: cross connect reopened.

To stop emergency feedwater from filling both steam generators (this
condition may happen if power supplies or station air are lost to the

control valves):

e Isolate normal EFW feedlines and open alternate flow paths using
ICS-controlled valves. If these valves have also failed, then:

e When steam generator level 1is high, stop pumps, allow the steam

generator level to drop and restart one pump. Use that one pump to

-"batch" feed the generator by starting and stopping the pump.
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This approach ;an be taken until the valve can be operated manuélly_
by nitrogen. Once an operator is stationed at the valve he can
position it to maintain level. Infrequent starts and stops of the
pump are expected because the steam generator level will take about
5 to 10 minutes to b011 the, 1nve &to a low level.
e If no control of EFW can ‘glned the pumps can be stopped and
HPI cooling can be used‘t"r is method ‘is .not desirable, but it will

keep the core cool. Every attempt should be made to maintain EFW to

at least one generator, even if the operation is not steady.

FW Throttling (MFW and EFW)

Anytime MFW flow. is diverted through the upper nozzles or EFW is
actuated and automaticélly increases steam generator level to 50% on
the operating range, it can cause significant overcooling. The 50%
level is required to establish natural circulation any time all RC.

pumps are tripped.

Steam generator level must also be manually increased from 50% to 95%
on the operating range when the subcooled ma:gin is lost. The 95%
level will pérmit primary coolant steam condensation during reflux
boiling in case a small break LOCA has happened. Anytime the sub-
cooled margin is lost the level should be raised to 95%; if the
subcooled margin is regain while the level is increasing then it does
not need to be continued to the 9SZIIeve1, but must be raised to 50%

if the RC pumps are not running.
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Steam Generator Level Rule

Anytime subcooled margin is lost, levels in the operable steam genera-

tors must be raised to 95% on the operating range using FW flow (MFW or

' EFW)vthrough the upper nozzles in accordance with the FW throttling

guidelines.

<\
. )
"<§:‘h’ C
Exception: If the loss %" ubcooled margin was due to a loss of

secondary steam pressure control, do not attempt to raise level in the

affected steam generator(s) until steam pressure control is regained.

Overcooling can result because all FW flow through the upper nozzles
injects water into the stea‘mvspace of the generator. As the flow
sprays - into the steam space it causes steam condensation aﬁd a
reduction of steam pressure; when the level increases the inventory
accumulation is a colder heat sink than is needed to balance decay
heat. The combination of the steam pressure reduction and the colder

heat sink causes the overcooling.

Addition of FW at the maximum rate is not needed to achieve stable

natural circulation; it is also not necessary to raise the level from

50% to 95% at the highest possible rate. FW can be throttled to con
trol the level and limit the overcooling. Full flow of FW 1is not

needed, but continuous flow is. A continuous addition of FW into the

steam space will cause the thermal center for natural circulation to be

high in the generator, and continuous addition will cause primary steam
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condensation. However, if natural circulation is lost (for example,
due to a delay in EFW actuationm or an interruption in MFW flow), then

FW flow should not be throttled until natural circulation starts.

It is not mandatory to limit theé rafs‘of FW addition to prevent over-— .

cooling, but throttling is p eg red:"to control the plant better. For

° SR
example, . if a severe ovéeyooling transient caused loss of the sub-

cooling margin and the RC pumps were tripped, the addition of FW at

full flow through the upper nozzles would cause the overcooling
transient to be much worse. Throttling is desirable to control  the

severity of this type of transient.

EFW can result in considerably more overcooling for the same flowrates

because it is much colder than MFW. Therefore, when MFW 1is not

available, the following additional guidelines as EFW flow control

should be used.

Guidelines for EFW Throttling:

e EFW may be thréttled any time it is started immediately after loss
of main fW when it is injecting into both steam generators and RC
pumps are off (EFW should not be throttled when in automatic con-
trol with the low level setpoint in effect).

e EFW may be throttled any time after it is started and natural cir-

culation exists in one or both steam generators.
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The limits on EFW Throttling Are:

- Steam geﬁerator level must be gradually raised to the setpoint; the
steam génerator level must never be allowed to decrease if level is
still below the applicable setpoint (see setpoints below).

- Flow into the steam generators mpsh‘fe continuous at all times until

. e \
the setpoint is reached. \‘& :

Restrictions on EFW Throttling:

e EFW must be turned on full if natural circulation stops and the steam

_ generator, level is below the setpoint.

@ EFW must be turned on full if its actuation was delayed. It can be

throttled when natural circulation starts.
e EFW must be turned on full if it is only injecting into one genera-

. tor. It can be throttled when natural circulation starts.

Steam Generator Level Setpoints:

- 25" on the startup range when one or more RC pumps are operating.

- 50%‘ on the operating range with two steam generators (it may be
necessary to raise the level higher than 50% if only one steam
‘generator is working) when no RC pumps are operating;

- 95% on the operate range when the subcooling margin is lost.

The amount that EFW can be throttled depends on the decay heat load

 which can vary depending on the prior operating power history. To

increase level the flow must be greater than that required to remove the

decay heat.
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Because‘ the deéay heat can be different 'the amount of flow needed to
remove decay heat and increase level is different; therefore, no fixed
flow rate can be established. However, the maximum flow rate can be
gauged by its effects. Generally, the Elbw rate should not drop steam
pressure by more than about IOQ'--'ps'_-,mo_w the pressure setpoint. For

example, after a trip the tu%&’bypass;-;set pressure is 1010 psi so
° 4 AR !
the EFW flow should not c&e steam pressure’ to.drop below around 900

psi. If the operator has adjusted steam pressure to a different set-
ting the steam pressure drop should stay within 100 psi of that set-

ting. The 100 psi change in steam pressure is a rule of thumb for

limiting the cooling of the RC system.

The effects of EFW throttling can also be 'seen in pressurizer level (if
the reactor coolant is subcooled and is circulating). Pressurizer level

indication should be visible and not drop out of range because of EFW.

The mbst important effect is to maintain natural circulation. If
natural circulation has been previously established and the EFW flow
rate is enough to maintain natural circulation, then it is the. right
flow (if pressurizer 1level and steam pressure are about right).
Generally, natural circulation is established and maintained when Thot

is no more than 50F higher than T 414-
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EFW should not be throttled if it does.. not automatically start after
loss of main feedwater wﬁen RC pump§ are off. It also should not be
throttled if only one generator is available f‘or heat removél. For
either of these conditions natural circulation could be stopped or not
started. Small break LOCA prlma< \team condensation might also be
restrlcted for either 51tuat10n\
)

EFW throttling is not mandatory, but is desirable to limit overcooling

H P

and possible presurizer draining. TIF there is doubt about throttling

EFW, then don't do it.

EFW Throttling Rule

EFW should not be thirottled whenever:

e The low level setpoint (one or more RC pumps on) is in effect or

e The natural circulation setpoint (all RC pumps off) 1is in effect
e EFW actuation was delayed or.
e Natural cirCulation stops and l_evels are below the setpoint or

e EFW is injecting into only one steam generator.

(EFW may be throttled whenever natural circulation starts)

Use of the Incore Thermocouples

The incore thermocouples can be used for a variety of reasons. Information
about the incores is given in different chapters. The following summar-

izes that information:
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1. They are uséd to detect core uncovering. They are the most wvalid
indication of core cooling. If the incore thermocouples cléarly
indicate superheated conditions, then the actions to counter
Inadequate Core Cooling should be taken.

2. They provide a backup iﬁdicatioq;\f natural circulation. 1If .Thot
and T.o14 do not show natuf%’,&:cﬁla_tion", then the incore thermo-

° - .
couples can be used tdeggzk for nafurafrci;Culation. Thot Should
read within 10F of the incore thermocouples when the plant is sub-
cooled and solid water natural circulation is occurring. When the
reactor coolant.is saturated the incore thermocouples do not pro-
vide a gobd indication éf natural circulation.

3. They provideAan indication of NbT margin when no forced circulation
exists. The -reading of the five highest thermocouples displayed
should be averaged, and compared to the Region II limits on Figure
25, "RC Pressure/Temperature Limits." If that number is beyond the
NDT limit the HPI pumps should be throttled or an RC pump started.

4. They are the only valid indication of core outlet conditions when

no circulation exists.

Cooldown with One Steam Generator OQut of Service

Attempting to cool the plant down using one '"good" steam generator can
cause excessive thermal stresses in the other '"bad" steam generator if it
is dry. and the cooldown.rate is iarge. Although one steam generator can
remove the decay heat and the stored heat needed to cooldowﬁ, the dry

steam generator is not properly cooled because the shell stays hot.
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During normal cooldown the shell ofb both generators aré_ cooled ‘by
liquid in the lower part and by steam in the uppér part. ﬁﬁen the
shell is not cooled and the tubes are cooled by reactor coolant, the
tubes can get much colder than the shell .causihg them to contract
relative to the shell. But becaixse. .&a tubesheets ﬁold the tubes in a
: D e _
fixed position and the shell do.%'r&tf shrink the tubes go into tension.
If they get cold enough %’%ension st’r(l-:s.ses' will be greater than the
" yield stress and they will-’permanently stretch. If the tubes are
cracked, flawed, or thinned they may fail. Consequently, limits are
_placed on the tube-to-shell AT. For normal' cooldown this limit has
been "cbnsérvatively set ét 60F. However, in an emérgency situation
when cooldown is absolutely reqﬁired the limit has been relaxed to 150F
AT,. wifh the understanding that ~any transient which results in
exceeding the design AT 1limit of 100F requires specific stress

""" o evaluation before plant restart.

Cooldown with one generator at the highest rate Qf cooldown should not.

be dome unless it is absolutely necessary. The choices to be made

prior to cooldown are:

e Stay at stable hot conditions until the generator is repaired and
returned to service;

. Cool down at a slow rate so that the tube-to-shell temperature
limit does not exceed the "normal" AT of 60F.

' Cool down at a more rapid rate, but do not allow the tube-to-shell

temperature limit to exceed the "emergency' AT of 150F.
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The need to cool down can only be established after a review of the plant
status. . There are a limited number of reasons why cooldown may be
required; these include:

- LOCA - small or intermediate break LOCA's will require cooldown so

that _the"’ primary system can {e‘&epress_urized. Depressurization

will slow down or stop ‘
. ° < o B

especially require de ssurization to 'stop the leakage into the

-~ e
&1:@131{ rate. Tube leaks or ruptures

steam generator.

- BWST Draining - in conjunction with LOCA, it is desirable to have

the plant completely cooled down to avoid recirculation from the
sump using the HPI system.. For t.ubelvleaks which do not return
water to the sump it is absolutely required to have the plant de-
pressurized before the BWST drains.

- Condensate tank draining - to avoid using backup service water with

poor water chemistry in the steam generator, it is desirable to
have the plant on the decay heat removal system before the conden-
sate tank is drained (or be able to return the MFW system to
operation).

- Accidents other than LOCA - most accidents will not require cool-

down for mitigation, so the plant can be placed in hot shutdown

while the "bad" steam generator is repaired.

However, some situations, such as fires, may have left the plant so
badly damaged that a decision to cool down is necessary to avoid un-—

known side effects.
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In order to cool ﬁhe plant down rapidly with one generator out of serv-
ice it will be mecessary to add water to the "bad" generator so the
shell can be cooled. If the generator is completely dry, the shell
will only cobl By heat 1loss through ;hé insulation to the reactor
‘building; the average shell cooldown ﬁ:e will be low (around 3-5F per
’ [ ]
hour). Water addition to the .g“%%a:tor'will allow the shell to cool
faster and the rate will Qafgga on whethef a water level can be main-
tained. If water can accumuia%e and cover the lower part of‘the shell
the average rate of shell cooldown will be about 20F/hr. But if a
water level cannot be built and the shell is mostly cooled by steam
then the averagé rate of shell cobldown will be around 10F/hr. Since.
the rate of shelllcooldown is gréatest when water is in contract with
it the preferréd way to add water is with the main feedwater system.
However,'tﬁe main feedwater flow rate‘must be carefully controlled so

the tubes do not "overcool".

The cooldown rate of the plant will be limited by the cooldown rate of
the shell and the cooldown limit is based on the tube-to-shell AT
limit. The tube-to-shell limit can be calculated by averaging the five
shell thermocoupies and subtracting the reactdr coolant average tempera-
turé (However, in some rare cases T,y might not represent the average
tube temperature; these cases can occur if the hot leg is steam bound
and no circulation is occurring. If Tpoe is increasing but T.o14 1s

fixed, then T.o1q4 Should be used rather than Tpo¢-)
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To illustrate a plant cooldown two examples are given. Both of the

examples assume that a tube leak has occurred. Therefore, the plant

must be cooled down; it cannot stay at hot conditions. The first
example shows-.a tube leak with a generator that can hold pressure but
cannot be vented. In this case_;a a;‘& level can be built to cool the
lower part of the shell. T 5¥Fnd;:~exémpl';e shows a tube leak with a
generator that cannot holc&:ressure (a falled wvstyeam safety valve could
do this). 1In this case a water level cannot be built because of
constant steaming .(in fact, a water level couid be built if the main
feedwater system were allowed to operate at high capacity, but the
tubes wouvld cool down extremely fast and the tube-to-shell temperature
limit woula be violaﬁed). The exaﬁxples are illustrated in Figure‘ 3la

and 31b.

Both examples follow the recommended procedure for tube leaks. That
is, that plant is runback, depressurized and cooled rapidly from 550F
(Tay) to "~ 500F (Tév) in about 15 minutes. After that the RCS is
cooled down and depressurized at NlObF/hr until the "emergency" tube~-

to-shell limit of 150F is reéched. At that time the cooldown is slowed
and follows the cooldown rate of the shell and the tube-to-shell AT is
the controlling 1limit. When the plant first reaches the 'emergency"
tube-to-shell temperature limit of 150F the RCS pressure will be around

400 to 450 psig and the tube leak rate will be lowered.
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The procedure shown in Figure 3la with a generator that %:an hold pres-
sure, is to add ‘watetr to.the generator when the first stage of cooldown
is completed (i.e., at 500F RCS T,,). The water level should be gradu-
ally increased to a high level (around 50% on the operate range) so the
lower portion of the shell is codla{:&_water. Steam v.zill be created
in the generator and will he‘.&gl'.tﬁe_aupper shell. Main feedwater
through the lower nozles is%:eferred, buf: MFW or EFW through the upper
nozles will also be adequate; both must be controlled to prevent
overcooling. The cQoldown after 150F emergency tube-to-shell limit is

reached will be about 20F/hr.

‘The procedure to bé used when steam pressure cannot be maintained is
shown in Figure 31b. The RCS should be cooled down with the generator
dyr (no water addition) until the "emergency" tube~to-shell temperature
limit is reached. When that limit is reached the cooldown should be
haltea and the generator slowly fed with main feedwater (if possible)
or emergency feedwater. The rate of feedwater flow should be around
100 gpm, but actual flow rate will be dictated by the circumstances. A
continuous low flow rate is desired rather than an interrupted "batch"
feeding rate. Main feedwater will be difficult to control at this low

flow rate and it may be necessary to use the '"bypass" flow valve around

the control wvalves.
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I.f the reéctAcVJrA coolaﬁt pumps ' are .not'operating or have Been shut off
sometime during the cooldown éequenée, natural circulation will not
occur in the loop with the generator out of servi;:e. If the reactor
coolant in that loop is at a high temperature when the RCS depres=
surizatioﬁ begins, it may flash, to QVam The steam will collect in
the candy cane and that loop w1“%become a pressurizer" The system
pressure will "hang &'& that *° p-r_essure preventing further
depressurization. In some cases not much» can be done to prevent: this

except slowing the rate of cooldown. If any reactor coolant pump can

- - (:'- - \- - - -

be '"bumped", it will help to mix the fluid so cooldown can continue.
If a reactor coolant pump cannot be started, then an alternate method
to stimulate circulation and cool the stagnant wate.r can be obtained by
spraying EFW on the tubes. If neither EFW nor RC pumps can be used the-

cooldown rate will have to be slowed.

185
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POST ACCIDENT STABILITY DETERMINATION

To determine if the accident has been brought under control four:

general areas must be checked.

1. Reactivity Control - The reactor must have a subcritical margin -

2. Core Heat Removal ;afr Theg'.'g:ore must be covered and
cooled; the heat rédmoval rate is equal to or slightly greater

than the core heat generation rate.

of at least 17 Ak/k. &'\
‘ . X

3. Radiation Release Control - Release to offsite is terminated.

4, Plant Equipment is Operating Correctly - Equipment to maintain

the plant safe and stable 'is operating and within design duty;

equipment failures have been bypassed, isolated or repai-red;

Several things around the plant must be checked_ to make .sure these four
gene.ral rules are being mef. The following basic check 1list defines
the more im.portant iteﬁs. The list is divided into two parts. Part I
applies to LOCA's which can be stopped’ by complete isolation of the

leak and to all other accidents. Part II applies to’T_..OCA's which

cannot be isolated. The difference between the two parts is simple: A

reactor leak that cannot be stopped 1is an accident that cannot be
positively terminated. However, a leak can be reduced to the smallest

amount possible and become stable for '"long term cooling'". Steam
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generator heat removal can be used for some small leaks but HPI must be
kept running to keep the reactor coolant subcooled. Subcooling can be

regained for some very small break sizes at a time when the decay heat

“decreases and HPI is able to refill the RCS loops and add water to the

pressurizer. . \
K J

Part I - All accidents (in%x'&g LOCA's-"‘wh;l‘jch can be isolated)

1. Reactor‘coolént pressure and temperéthre are preferably within
the "post-trip window" of ﬁhé P-T curve; however, pressure and
femperature may be anywhere on the P~T curve within a_region
bounded by: a) NDT limits, b) the subcdoling margin, c) an RC
pressure upper limit_equal to the PORV setpoint minus 100 psi,
'd) fuel pin compression limits and e) RCP NPSH requirements if
applicable. Subcooling will exist in tﬂe hot and cold legs of
both loops.

2. The 'long term trend of reactor coolant pressure and
temperature is constant or slowly decreasing with time. "Short
tern" fluctuations of temperature and pressure are small' and
can be ‘attributed to periodic :operations of other equipment
(pressurizer heaters, spray, or feedwater).

3. Pressurizer level is within the indicated range.
4. 1f forced circulation exists (RC pumps on) then reactor coolant
Tav 1s about equal to the saturation temperature of the water

in the steam generator (or generators) that is removing the

heat.

DATE:

3-2-81 - PAGE 189




..... . | e

BWNP-20007 (6-76)

BABCOCK & WILCOX

NUCLEAR POWER GENERATION DIVISION

TECHNICAL DOCUMENT R )

NUMBER

5. 1If natural circulation exists, TcoLd lég will be about equal to

-the saturation temperatﬁfe of the water in the steam generator

(or generators) that is removing the heat. The differénce

between Tyoe and T.o14 in the operating loop (or loops) will

not exceed 50F. If only {n.&gene'rator is remoying heat the
other reactor loop wi l.a}:subcgoled.

6. Steam generator (&’ge‘nerators)jlevel will be at. the correct
setpoiﬁt (either natural or forced circulation seﬁpoint) and
wili be steady.

7. Steam generator pressure 'is steady and is below the safety
valve opening setpoint.

8. The core is at least 1% Ak/k subcritical on rods and boron. If
moré than one fod did not fully insert the core is at 1%

Ak/k subcritical on boron alone (assuﬁing all rods out).

9, 1f the accident caused_water to enter the containment (reactor
or steam generator) and the contaimment environment was
increased, it will now be reduced to near normal levels.
Pressure will be close to barometric pressure (indicating no
leaks tovthe atmosphere);'éverage containment temperature will
be near prior operating temperature; relative humidity will be
about 100%.

10. 1f radioactive water leaks occurred in auxiliary buildings

those areas will be sealed and the spillage either trapped or

drained to storage tanks.
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11. The compoﬁent failure (or failurés) which caused the acci-
dent is known. It has been bypaséed, isolated repaired, or
otherwise handled so that it no longer compromises plant
saféty.

- 12. Components which support: planﬂ\fafety are operating near their

. L J
design point (examples:‘tcp mps  are operating away from the
minimum shutoff fw nd. have Ja.j’;i"gq'uate NPSH, throttle valves
are near the proper opening, electric motors are in
the nérmal service range, electronic equipment is environ-
mentally protected). If a component is operating off design
and futuré failure 1is possible, then redundanf or alternate
equipment is on standby and ready to replace the equipment'
which might fail.

13. Stored water (condensate tank, BWST) is adequate for long term
use or al;ernafes are readily available.

14. Instrumentation to monitor plant performance 1is operating
correctly. Potential failures of critical instrumenttion have

been identified and alternate instrumentation is available.

Part II - LOCA's which cannot be isolated

NOTE: With the exception of steam generator tube leaks, all reactor
coolant leaks outside the containment can be isolated. Al-
though a tube leak is '"inside" the contaimment a direct path

outside the containment exists through the steam lines.
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Many of the critefia of Part I .apply to tﬁis part except thét the
reactor coolant will not always regain the subcooled margin and
operating conditions that depend‘ on subcobiing will not apply. The
very smallest reactor coolant leaks may allow the reactor coolant
system to repressurize (becaus.e_‘of.\ontinued High Pressure Injection)
and some amount of subcoo 'Way A‘bfe regained, but it is not likely
that enough margin wil&ggcur. 'Conse.qde';itnly,'the criteria for LOCA
stability does not include'the subcooling margin. Also because sub-
" cooling may not exist the hot legs may have steam binding and natural
circulation may not exist; therefore, the criteria do not include
natural circulation requirements (however, it can exist for very
small breaks and could be checked). A reactor-steam generator heat
transfer bélance cannot usually be .acc_o'mplished because of saturated
(or near satufated) c_ondition‘s’ which may not permit thé reactor
céolanf to inove the heat from the core to the st:eam'.generator, but
some heat transfer to the stearﬁ generator is possiBle for small
breaks. The steam generatér operating level should be at the 95%
1evel‘ for small breaks to'permit condensation of primary side steam.

Pressurizer level cannot be relied upon if saturation exists.

The most important criterion for LOCA is to keep the core covered.
This condition is confirmed by readings of the incore thermocouples

and the hot leg RTD's; both should show that the reactor coolant is

saturated (or even subcooled) but not superheated.
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The continued loss of coolant . from a LOCA.wiil not permit the acci-
dent to be truly te:minated; but the leak rate éan be. minimized.
Loweriﬁg RCS pressure is thé best way to lower the leak rate. This
can be done by loss through ;he leak, by opening the PORV, or by low-
ering secondary side‘pressgre. LT&K term loss of coolant when the -
RCS is depressurized occurs i&f §9w§§ys; l).steaming out of the leakb
because of continued bo‘%ﬁh s and'2§f§éter loss because the head of
water .is above the break and watér wiiibﬁrun" out of it. The rate of
leak will depend on the system pressure, the decay heat level (which
causes boiling), and the elevatioq of the leak (a leak high in the

system will have a lower flow rate than a leak low in the system);

The leak rate will also depend on the hole size.

The criteria for stability is that the leak rate is as low as possi-
ble and that the flow into the core keeps it covered. It may take a
very long time to recover from some LOCA's and during that time there
will be two general stages when the leak rate diminishes. The first
stage is wheni the reactor is depressurized to atmospheric pressure
(big' breaks will depressurize rapidly, smaller breaks will take
longer); the second stage is when the core heat drops so that it.
cannot boil the water in the reactor vessel. Steaming will stop at
that time (which may be as long as several months after the
accident). Until the water in the vessel becomes subcooled (incore
thermocouples will read less than 212F), the plant must be operated

by injecting contaimment sump water in the recirculation mode or by
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continuing to inject fresh borated water from other sources. When
the vessel water becomes subcooled the operator has the option to
transfer one train of LPI to the decay heat removal mode and keeping

the other train on sump recirculation. The reason one train is left

on recirculation is that it will.ké‘e water above the hot leg suction
: .

for decay heat removal. .De‘?i eat. removal has the advantage of
° v 'f
rapid RCS cooldown, buﬂQ#E must be carefully monitored to make sure

the decay heat pump does not lose suction (or it will fail), and to

make sure the decay heat pump does not run at shut-off head.

Because the leak may continue a long time until the decay heat system
is engaged, an arbitrary definition of stability is given. The follow-
ing criteria Aefine post-LOCA long term stability: |
1. The core is covered. Incore thermocouple readings show
saturated or subcooled reactor coolant.
2. ECCS injection is in the "long‘term cooling" mode. Long
term cooling exists when the ECCS is operating with recirc-
ulation from the containment emergency sump. (NOTE: A
decision may have been made not to transfer but to bring in
backup water to refill the BWST. Nevertheless, if recircu-
lation could have been started, 'long term cooling" is
considered to have started).
3. The reactor coolant system is depressurized to near atmo-
spheric presshre so that the leak rate is as low as possi-

ble. The LPI system is used to cool the core . (NOTE:
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If thé break size did not permit depressurizaﬁion before
the BWST was‘empty,vand HPI "piggyback" recirculation had
to be used while further depressurization took place the
plant is not considered to be stable until the pressure and
leak rate are as.low as pdfsible). ‘

4, Steam generator leés‘bﬁs at 95% on the operate range and is

steady. _%‘

5. Reactor coolant pumps are off (operation of RC pumps could

move water past the break and increase the leak rate).
6. . The following criteria from the previous part also apply:
Numbers 7, 8, 9, 10, 11, 12, 13, 14,
7. For the Aspeciai case of stean generator tuﬁe leaks
(LOCA's):
a) Feedwater (main and emergency) has been stopped tb,the
bad generator.
b) Steam created by boiling the RCS leakage is directed
to the condenser (if it is operating).
c) The plant is on decay heat.removal or standby backup
borated water sourées are avallable to reélenish BWST

inventory.
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Firoure 30 HPI CONTROL LOGIC

Notes: 1) Prevent pump runout and cavitation damage
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to 550 gpm.
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OPERATOR ACTION REQUIRED
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e Bump one RC pump
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OQPERATOR ACTION REGQUIRED

1. Turn HPI on to highest flow rate.

- NOTES ON P-T DIAGRAM

RC pressure is slightly
higher than steam generator
pressure. .

Thot 15 equal to Tgat for
existing RC pressure.

Tcold is equal to Tsat
for existing steam pressure.

2. Verify MFW flowing through upper nozzles (or start EFW) and raise steam
gererator level to 95% on Operate Range.

3. Start plant cooldown at 100F/hr.

4, Monitor plant conditions for a loss of reflux boiling or a return to
normal natural circulation (subcooling).
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OF ALL FEEDWATER
(WITH OPERATOR ACTION)
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Reference Time -
Points (Minutes) . Remarks
1-2 0-1 Reactor trippedion anticipatory loss of feedwater.
Normal post-trip cooldown and depressurization in
progress. EFW does not initiate.
2 1-2 Steam generators dry. RCS begins to reheat and
repressurize due to loss of secondary cooling.
3 3-4 Operator diagnoses loss of he&t transfer, opens
PORV, starts two HPI pumps and balances HPI flow.
PORV release rate exceeds, HPI. capacity initially
and RCS ‘begins to depressurize. Operator trips
all but one RCzpump,tOvreduce>heat input.
4 © 5.8 Subcooled margin_iszlo§t.;'Operator trips remaining
RC pump. . Do
5 6-7 RCS reaches saturation.
6 7-8 Pressurizer .in.solid or near solid condition. HPI
flow "matches" decay héat and -begins- to repressurize
RCS to subcooled conditions.
7 8-10 RCS subcootled margin restored and RCS is beginning

to cool due to HPI flow and PORV release. Operator
throttles HPI flow to maintain subcooled conditions
at a pressure lower than the safety valve setpoint
and restarts an RC pump to promote thermal mixing
of HPI to prevent thermal shock.



1. LOSS OF FEEDWATER
2. REALTOR TRIP ON HIGH RCS PRESSURE (OR ANTICIPATORY TRIP),

3. PRESSURIZER LEVEL DECREASES (NORMAL RESPONSE FOLLOWING A
. REACTOR TRIP) THEN INCREASES BECAUSE OF MU ADDITION AND
REHEAT OF REACTOR CODLANT.

4. SECONDARY SIDE wdILS DRY.
5. EFW DOES NOT START.

6. RC PRESSURE SHOWS NORMAL POST TRIP RESPONSE THEN INCREASES
AS PRESSURIZER LEVEL 1S RESTORED.

NN ;N

TINE 1Y (RC PUMPS ON)

END CONDITION FOR TOTAL LOSS OF FW WITHOUT HPI
ACTUATION. SYSTER WOULD COMPLETELY VOID (STEAM
ONLY IN RCS). CORE TEMPERATURE WILL {NCREASE AND
CAUSE SUPERHEATED STEAM TO FORM. INADEQUATE CORE
COOLING CONDITIONS EXIST.

i

'

|
TIHE 1t !
RC HEATS UP DUE TO LOSS OF SECONDARY HEAT SINK AND EXPANDS INTO
PRESSURIZER.

RC PRESSURE INCREASES TO PORV SETPOINT. PRESSURIZER STEAM IS
EJECTED OUT OF PORY, ’

PRIMARY SYSTEM GOES WATER SOLID (STILL SUBCOOLED) AT 2500 PSIG.
CONTINUED HEATUP OF REACTOR CODLANT CAUSES WATER RELIEF OUT OF
PORV OR SAFETY VALVES. ’

RC TEMPERATURE IS SLOWLY APPROACHING SATURATED CONDITIONS @ 2500 PSIG.

+
i

TIME 1V (RC PUMPS OFF)

END CONDITION FOR TOTAL LOSS OF F¥ WITHOUT HPI ACTUATION.
WITH RC PUMPS OFF EARLY IN THE EVENT, REACTOR COOLANT CAN
BE TRAPPED IN LOWER REGtONS OF LOOP AND REACTOR VESSEL.
CORE WILL HEATUP WHEN MIXTURE LEVEL DROPS BELOW TOP OF FUEL,
INADEQUATE CORE COOLING WILL EXISY,

Figure 24A. BACKUP COOLING BY HP| FOR LOSS OF ALL FEEOWATER
(NO OPERATOR ACTION)
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1. RCS GOES SATURATED AT 2450 PSIG.

2. STEAM iS CREATED IN CORE BECAUSE OF BOILING THROUGHOUT THE CORE,

- |F RC PUMPS ARE RUNNING, STEAM WILL BE DISTRIBUTED
AROUND THE LOOP (SEE ABOVE).

- IF RC PUMPS ARE OFF, THE STEAM WILL SEPARATE FROM THE REACTOR
COOLANT AND COLLECT IN THE UPPER REGION AT RV AND HOT LEG.
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TABLE 4B SYMPTOMS FOR LOCA’S THAT CAN BE LOCATED OR ISOLATED

THIS CHART WILL AID IN LOCATING SOME BREAKS; ALL BREAKS CANNOT BE LOCATED. SOME
3 , . BREAKS WHICH CAN BE LOCATED CAN ALSO BE
;gghAIggAegP THE LOCA CAN BE STOPPED. IT MAY BE DIFFICULT TO DISTINGUISH SMALL STEAM LINE LEAKS INSIDE CONTAINMENT
5 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 LOCATING SYMPTOMS ISOLATING HARDWARE
Makeup and - Low Tetdown storage tank Letdown valve 1)
purification Tevel upstream of
system outside - High component cooling coolers
containment and water surge tank level
letdown coolers {for breaks in Tetdown

cooler)

- Local sump levels,
radiation alarms

- High CC discharge tempera-
ture from letdown coolers

Sga] return - Low letdown storage tank Seal return**1)
Tine and seal Tevel isolation valve
return cooler - High RCW radiation
outside contain- - High RCW surge tank level
ment (for breaks in seal return

cooler)

- Local sump levels,
radiation alarms

- High seal return flow

- High RCW seal return cooler
discharge temperature

(1ocal)
Pressurizer - Flow Monitor Alarm PORY isolation valve
e]egtromat1c - High quench tank level
relief valve - High quench tank temp-

erature

(These will only be good
when the quench tank
rupture disk is good)

Makeup-Tletdown - High letdown storage tank Letdown control**1)
imbalance (this is level ' valve
not a break, but is - Bleed holdup tank level
a loss of coolant) - Makeup flow rate (+) seal
injection flow (-) letdown
flow
?gcay heat removal - High or low decay heat Decay heat letdown**2)
C;gia?:;2§t0?§s1de X removal Flow drop line valve
ecay heat-|ow pump suction press.
2323:2}o§y;§§mt19 - [ocal sump and Tocal
-plant is jati
cooled down) radiation alarms
Decay heat cooler - High LPSW temperature at Cooler isolation
tube leak (decay DH cooler outlet. valves

heat removal sys.
1n operation- plant
is cooled down)

(Symptoms or alarms most likely to show location are underlined)

FAILURE LOCATING SYMPTOMS

Steam Generator Tube(s) - High steam line radiation
- High steam generator level

- High condenser radiation

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

HPI Injection Line Break - Flow imbalance between injection**3)
: 1ines
(High fiow will be through broken
; 1ine)
!
|
RC Pump Seal Failure - High seal return temperature (m3502aq

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

RCS Instrumentation Lines

- Pressurizer Level - False low level reading
- Pressures - False Tow pressure
- RC Flow - False high or low flow compared with

known pump operation

**Footnotes: 4) Do not allow letdown storage tank to drain or operating
makeup pump will Tose 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 will
1imit the HPI flow out the break. Balancing the two main
jnjection lines for maximum flow, which is done after any
HPI actuation, will ensure adequate pumped flow enters the
core. It should be noted that with three HPI pumps started
automatically, Train A flow will be 40-50% higher than
Train B flow regardless of RCS pressure.
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Figure 23 OVERHEATING DIAGNOSIS CHART
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ATTEMPT TO RESTORE MFW OR EFW

X/

START HPI COOLING WHEN PRIMARY TO
SECONDARY HEAT TRANSFER IS LOST

STOP ALL BUT ONE RC PUMP TO
REDUCE THE REACTOR COOLANT HEAT LOAD

OVERHEATING OCCURS WHEN THE REACTOR COOLANT CANNOT TRANSPORT THE CORE HEAT TO THE STEAM

GENERATORS FOR HEAT REMOVAL. NATURAL CIRCULATION WILL NORMALLY BE LOST FOR AN EXTENDED

'
(

|

TIME (VS BRIEFLY INTERRUPTED). “THOT WILL BE SATURATED (TCULD WILL USUALLY ALSO BE

SATURATED). S|NCE THE STEAM GENERATOR CANNOT REMOVE HEAT, STEAM PRESSURE AND Tsar s.6.
WiLL DECREASE. jGENERALLY ONLY TWO CONDITIONS WiLL PERMIT OVERHEATING; LOCA's AND LOSS
OF ALL FEEDWATER.

TRIP ALL RC PUMPS ON LOSS OF
SUBCOOLING MARGIN

Y

OTHER REFERENCES:

SEE "BEST METHODS FOR EQU!PMENT
OPERATION" FOR HP1 COOLING AND
RC PUMP TRIP

SATURATED CONDITIONS WILL EXIST UNTIL
FEEDWATER ‘IS RESTORED OR HP! FLOW
MATCHES DECAY HEAT

SUBCOOLING MARGIN RESTORED BY WPI
COOLING, HP! MUST BE THROTTLED TO
PREVENT NDT PROBLEMS

ONE RC PUMP SHOULD BE RESTARTED WHEN
SUBCOOLING MARGIN IS REGAINED. A
MOMENTARY LOSS OF SUBCOOLING MARGIN MAY
OCCUR ON RESTART

OTHER- FEFERENCES:

SEE "BEST METHODS FOR EQUIPMENT|
OPERATION" FOR HP! THROTTLING
AND RC PUMP RESTART

SEE FIGURE F-13, APPENDIX F, "LOCA" IN PART 11-2
"DISCUSSION OF SELECTED TRANSIENTS"

. FOR:
A - P-T DIAGRAM CHARACTERISTICS
B - CORRECTIVE ACTIONS

SEE TABLE 4A "HOW TO DIFFERENT{ATE A LOCA
FROM OTHER TRANS!ENTS"

SEE TABLE 4B "SYMPTOMS FOR LOCA’s THAT CAN BE

LOCATED OR |SOLATED
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TABLE 3 ACTIONS TO CORRECT FAST TRANSIENTS

PLANT STATUS INDICATORS

OPERATOR ACTION REQUIRED

— SYMPTOMS

BASIS FOR ACTION

1. 'Reactor Trip

Immediately following reactor trip examine
SG levels for excessive feedwater.

High SG Level
High FW Flow

Excessive MFW is the addition of water to
the SG at a rate faster than it can be
boiled off. It can result in overcooling
of the RCS and water spillage into the

o If SG level is "high" and MFW flow is
still on, stop further MFW addition. steam lines must be avoided. Overfill of
the SG can occur very rapidly because of
o Allow SG level to decrease to appropriate the large flow capacity of the MFW system;
setpoint; then resume FW addition by this is especially true following a
reactor trip. Following a reactor trip
- manual control of MFW or the operator should assure that MFW runs
. . . back. If a FW flow remains high and SG
- EFW addition if MFUW has been isolated. level is increasing, MFW should be control
led (trip pumps). Do not rely on automatic

MFW pump trip at high SG level.

NOTE: Ensure EFW starts if MFWP's are
tripped and throttle EFW to prevent
overcooling.

2. Steam Line or Confirm radiation monitor reading supports ‘ Steam generator tube leaks or ruptures are
Condensor Air alarm; start an immediate cooldown and 1 LOCA's which result in contamination of the
Ejector Radiation depressurization of the RCS. -The cooldown main steam system and offsite dose release.

To minimize the offsite dose release, a

Alarm

Note: Radiation
monitors may in-
dicate a tube
rupture prior to
reactor trip.

should continue to cold shutdown.

complete cooldown and depressurization of
the RCS is required to reduce the primary
to secondary leakage and to prevent
unnecessary discharge to the atmosphere
through the steam generators. Since this
js a LOCA, HPI must be kept on if subcool-
ing is lost but this will keep reactor
coolant pressure high and continue the

leak. Cooldown is required to lower RC

pressure to stop the leak.



PLANT STATUS INDICATOR

1.

2.

3.

Turbine Trip and/or
Reactor Trip

ES Actuation

Loss of Offsite Power
(LooP)

TaBLe 2 STANDARD PQST-TRIP ACTIONS
— |

|

!

|

QPERATOR ACTION REQUIRED - BASIS FOR ACTION.

Verify that all control rods (except APSR's) ' After reactor or turbine trip, the operator should ensure that
are on bottom; verify power decreasing. ‘ the fission process is shutdown. The simplest method is to

' ensure the rods are fully inserted; if not, the operator should
Manually trip both the reactor and turbine. manually trip both the turbine and reactor and ensure that a
' rapid decrease in neutron flux has occurred. Compensation for a
stuck rod will have to be by boration to maintain a subcritical

If one or more control rods are not fully
margin when the plant is stabilized or plant cooldown is required.

jnserted begin boration (at a later time a
stuck rod may be driven in). :
' i When a reactor trip occurs, Tave will decrease due to the loss of
core fission power, and an outsurge from the pressurizer will be
caused by the contraction of the reactor coolant. The MU control
valve will open to increase MU in response to a decrease in
pressurizer level. To minimize the potential for a loss of pres-
surizer level and/or indication, the operator should manually
jsolate the letdown bypass of block orifice. It is - not necessary
to isolate "normal" letdown.

Isolate Tetdown bypass of block orifice (if
on high flow bleed cycle at time of trip).

Confirm that the HPI and LPI (<500 psig) are : when an ES actuation occurs, the operator should assure that at
started. Teast one train is operative (one pump on) and that flow is pre-
Verify that at Teast one train in each ECCS . sent. At this point, HPI/LPI flow balancing is not required, but
is on (pump on). If not, try to start ECCS ” can be done later.

manually.

Verify, by review of ECCS flow indication,
that flow exists in the injection lines.

Confirm containment isolation (for high gontain-
ment pressure) (non-essential on low RCS pressure)..

Confirm containment cooling systems start
(on high containment pressure).

Trip RC Pumps on loss of subcooling margin.
If containment isolation has stopped cooling

water to the RC Pumps, either reinstate or
trip pumps.

Upoq loss of normal and standby power sources, the two 4160 volt
Engineered Safeguard buses are energized, powered by at least one

Verify that at least one Keowee generator
starts and automatic loading is completed.

If the Keowee unit connected to the 13.8 KV j Keowee generator. Bus load shedding, bus transfer to the Keowee
buss fails to start, manually transfer the | generators, and pickup of critical loads is automatic. When a
buss to the running Keowee unit. f loss of power occurs, the operator should ensure that at least

? one Keowee generator starts and that loading is completed, and he
should try to start the other. (See ATOG Guidelines, Part II,

g Section 2, "Loss of AC Power," for details about equipment which
{ is automatically Toaded and for equipment which must be manually
| started.)
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Figure 19a. 0.01 FTZ BREAK AT PUMP DISCHARGE WITH MFW OPERATION
TO BOTH STEAM GENERATORS (LOCA IN RCS WATER SPACE)

Reference Time
Points (Seconds)
1 0
1-2 0-50
2 50
2-3 50-90
3 90
3-4 90-120
4 120
4-5 120-600
5 600
5-6 600-1500

6 1500
6-7 >1500

Figure 19b. 0.0

EFW

Reference Time
Points (Seconds )
1-4 0-120
4-5 120-1200
5 1200

5-6 >1200

Remarks

LOCA occurs; break is equivalent to 1.35 in 0D hole
at discharge of RC pump.

Pressure drops due to release of reactor coolant out
break; pressurizer level decreases.

Reactor trip on low RC pressure.

RCS P&T drops due to loss of fission power and pri-
mary to secondary heat transfer; general post trip
overcooling trend results. Pressurizer level indi-
cation goes off scale Tow. Because MU can't keep up
with leak, pressure drops.

Subcooling margin lost; operator trips RCP's and
starts HPI.

SG levels are automatically raised to 50% (when it
reaches 50%, operator will manually increase to 95%).

Pressurizer drains and hot leg saturates.

RCS in two-phase natural circulation mode.  P&T de-
crease along saturation curve and stabilize at approxi-
mately 1225 psi.

Two-phase natural circulation stops; steam bubble in
top of hot leg prevents 1iquid carry over to steam
generator and steam generator cannot remove heat.

RCS rehressurizes because all heat from core is going
to reheat the reactor coolant. RCS stays on the satura-

tion curve. Steam bubble in hot leg is slowly increasing

in size; condensation of RCS steam on tubes is not yet
possible. Pressurizer level is increasing.

Reflux boiling established; RCS hot leg water level is
Tow enough to allow RCS steam to condense on steam
generator tubes.

Pressurizer level decreases. RCS P&T decrease along sat-

uration curve and will stabilize at approximately 1200
psi. Operator should initiate a plant cooldown and de-
pressurization to recover plant.

FTZ BREAK AT PUMP DISCHARGE WITH LOSS OF MFW AND
DELAYED FOR 20 MINUTES (LOCA IN RCS WATER SPACE)

Remarks

Same as Figure 19a. except that a total loss of feed-
water has occurred.

Steam generators boil dry; P&T increase along satura-
tion line due to lack of primary to secondary cooling.
Core cooling is being maintained by the HPI (HPI "LOCA"
cooling). Pressurizer level is increasing. Steam
pressure will slowly drop once inventory is boiled off.

Operator restores EFW system operation. EFW flow is
started to both steam generators and steam pressure is
restored.

With EFW on, reflux boiling is started. The RCS P&T
drops along saturation curve and will stabilize at
approximately 1200 psi. Pressurizer level drops to
zero indication because of coolant contraction.
Operator should initiate a plant cooldown and de-
pressurization to recover plant.
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FIGURE 19,  SMALL LOCA IN RCS WATER SPACEt
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Reference

Figure 18a. STUCK OPEN PORV WITH OPERATOR ACTION

TO CLOSE BLOCK VALVE AT ~ 3 MIN.

Remarks
PORV assumed to open.

Pressure drops due to discharge of pressurizer steam
out of PORV. Little or no change of RC temperature
occurs. An insurge of reactor coolant into pres-
surizer would occur and an increase in pressurizer
level would be observed.

Reactor trip on low RC pressure.

RCS P&T decrease due to loss of fission power and
primary to secondary heat transfer; general post
trip-overcooling trend results. Pressurizer level
drops. MU can't keep up with the leak, and RC
pressure drops.

Subcooling margin lost; operator trips RC pumps and
starts HPI. Level automatically controlled to 50% on
operate range with MFW flow through the upper nozzles.

Hot leg saturates and an insurge into the pressurizer
occurs. Operator action is assumed to isolate the
PORV block valve. LOCA is isolated.

HPI in combination with condensation of the RC steam
on the generator tubes leads to collapse of steam
voids within primary system. System returns to a
subcooled state and repressurizes as pressurizer level
is restored to an indicated level.

Subcooling margin established; operator throttles HPI
and restarts RCP's.

Operator stops HPI and restarts normal MU and letdown.

STABLE PLANT CONDITIONS.

Figure 18b. STUCK OPEN PORV (NO ISOLATION)

Time
Points (Seconds)
1 0
1-2 0-60
2 60
2-3 60-125
3 125
4 185
4-5 185-600
5 600
5-6 600-700
6 700
Reference Time
Points (Seconds)
1-4 0-185
4-5 185-400
5 400
5-6 400-1000
6 >1000

Remarks

Same as Figure 18a except PORV is not isolated, leak
continues and operator raises OTSG levels to 95%.

RCS is in two-phase natural circulation condition.
P&T conditions decrease atong saturation line and
stabilize at about 1200 psia. Pressurizer level is
increasing as pressurizer steam space depletes.

Pressurizer level indicates -full scale; leak flow
changes from steam to a steam-water mixture.

Quench tank ruptures. Primary system remains stable
at approximately 1200 psia with the hot leg saturated.
HPI exceeds core boil-off and steam voids are slowly
being collapsed.

Operator initiates plant cooldown and depressurization
to place plant in a safe condition. For this size
break a return to a subcooled state would be expected
during cooldown. Solid-water cooldown would be re-
quired thereafter unless PORV is isolated.
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Figure 17 EXCESSIVE FEEDWATER
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EXCESSIVE MAIN FEEDWATER ADbITION TO ONE STEAM

GENERATOR (DURING POWER OPERATION)

Reference Time
Points {Seconds) Remarks
1 0 With the plant operating at 100% power, a failure of
the MFil pump controller allows pump overspeed. Ex-
cessive feedwater addition begins.

1-2 0-60 Slight overcooling of RCS occurs due to excessive

i feedwater addition. ICS pulls rods to compensate for
reduction of Taye, but rod withdrawal is limited by
the high flux limiter.

2 60 " Manual reactor trip.

2-3 60-200 RC P&T decreases due to loss of fission power and
higher than normal secondary inventory. The ICS
initiates a feedwater runback and the MFY addition
stops. Pressurizer level decreases because of reactor
coolant contraction.

3 ’ 200 Minimum pressurizer level reached.
3-4 >200 Normal system pressure restored by operation of MU

system and pressurizer heaters.

Primary system is

left in a stable, hot shutdown condition.
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Figure-16a. STEAM LINE BREAK (UNMISOLABLE) WITH OPERATOR ACTION J

Reference Time
Points {Seconds)
1 0
1-2 0-5
2 5
2-3 5-2C
3 20
3-4 20-30
4 30
4-5 30-120
5 120
5-6 120-500
6 500
6-7 7500
Fiqure 16b.
Reference Time
Points (Seconds)
1-4 0-30
4-5 30-250
5 250
5-6 250-500
4
6 >500

TO STOP FW TO AFFECTED STEAM GENERATOR

Remarks
SLB occurs (0.5 ft2 leak).

Increase of steam flow causes slight reduction in 4
Tav. ICS attempts to keep Tay up by pulling rods. i

Reactor trip on high fiux turbine trip.

RCS P&T drop due to loss of fission power and ex-
cessive primary to secondary heat transfer.

ES actuation on Tow RC pressure; pressurizer level
indication off-scale low.

RCS P&T continues to decrease. During this time, the
operator trips the RC pumps.

Hot leg saturates; steam voids exist in top of hot
legs.

RCS P&T conditions decrease along saturation curve.
After turbine trip, one steam generator repressurizes
while affected steam generator pressure is very low
(<300 psi). Operator isolates MFW to depressurized
steam generator.

Affected steam generator boils dry. Good generator
is removing decay heat by use of MFW.

HPI collapses steam voids. RCS returns to subcooled
state and pressure increases as pressurizer level is
restored. RCS is slowly reheating.

Subcooled margin has been restored with increasing
pressurizer level.

Operator throttles HPI and controls steam pressure in
good steam generator to prevent water solid conditions
as the RC repressurizes. Plant is left in a stable, ‘
subcooled condition. |

STEAM LINE BREAK (UNISOLABLE) WITH NO
OPERATOR ACTION TO ISOLATE FW TO AFFECTED
STEAM GENERATOR

Remarks
Same as Figure 16a.

MFW delivered to both generators (most of the flow
would go to the depressurized generator). CS

P-T continues to drop along saturation line until
HPI and primary to secondary heat transfer col-
lapses voids.

RC returns to subcooled state.

" RCS continues to overcool due to continued addition

of FW to the affected steam generator. Pressurizer
will refill with cold water.

RCS left in abnormal condition. FW to affected
generator must be isolated. Following FW isolation,
HPI must be throttled and steam pressure controlled
in good generator to limit potential for solid water
condition and violation of NDT limits.
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FIGURE 16,  SMALL STEAM LINE BREAK (0.5 FT2)
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Figure 15a. LOSS OF MAIN FEEDWATER WITH

Reference Time
Points (Seconds)
1 0
1-2 0-40
2 40
2-3 40-225
3-4 225-600
4 600

Figure 15b.
Reference. Time
Points (Seconds)
1-2 ‘ 0-40
2 40
2-3 40-50
3 50
3-4 50-175
4 175
4-5 175-620
5 620

EFW STARTED WITHIN 40 S

Remarks
Accident starts. Main feedwater pumps trip.
RCS P&T decrease due to loss of fission power,
Typical post trip response (overcooling trend)
with a corresponding decrease in pressurizer
Tevel.

EFW delivered to both steam generators, with
level controlied at low level (RC pumps on).

System stabilizes with decay heat removal through
the steam generators. RC temperature approaches
the saturation temperature for the secondary pres-
sure, and pressurizer level increases because of
makeup.

Pressurizer level restored and steady with normal
RC pressure restored by the pressurizer heaters.

STABLE PLANT CONDITIONS.

TOTAL LOSS OF MAIN AND EMERGENCY FEEDWATER

Remarks
Same as Figure 15a.

EFW fails; no feedwater is delivered to either
steam generator.

System continues to exhibit post trip overcooling
trend; feedwater inventory is being boiled off.

Steam generators are almost dry.

RCS reheats and repressurizes due to lo3s of primary

to secondary heat transfer. Pressurizer level also
increases.

PORV 1ifts and cycles to control RCS pressure.

PORV controls RCS pressure. RC temperature continues
to heatup; the primary system is approaching saturated

conditions.

Pressurizer fills with water. RC pressure would
stay at the PORV or safety valve setpoint and
saturated primary conditions would develop. Plant

is left in an abnormal condition; EFW and/or HPI must
be established to maintain core cooling before water

boils out of the vessel.
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FIGURE 15,

LOSS OF MAIN FEEDWATER
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Figure 13 OVERPRESSURE TRANSIENT (PRE-TRIP)
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Plot shows an increase in RC Pressure with little or no change in Thot'

Possible Causes : Possible Alarms
¢ Too much Makeup | @ High Reactor Coolant
Pressure

¢ Insufficient Letdown
e High Pressurizer Level
@ Pressurizer Heater .
Misoperation o High Makeup Flow



Figuré 12 OVERCOOLING TRANSIENT (PRE-TRIP)
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Plot shows a decrease in both RC Pressure and Thot+ A drop in super-

heat and SG pressure is also possible depending on the event.

Possible Causes Possible Alarms
¢ Excessive Feedwater o Low RC Pressure
¢ Deccrease in Feedwater ¢ Low Pressurizer level

Temperature
e High Makeup Flow:
e Decrease in Steam Generator
Pressure (steam leaks) e High Steam Generator level
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Figure 11 OVERHEATING TRANSIENT (PRE-TRIP)

S RPS TRIP ENVELOPE
—  HIGH PRESSURE TRIP I{— '
L VARIABLE
Low
. p
LOW PRESSURE TRIP /// PRESSURE
. TRIP
. SUBCOOLED
- " REGION SUPERHEAT | SUPERHEAT
_ =-| REG!ON
- = |
(4]
- w
SG -PRESSURE
o . ™ STEAM GENERATOR
,\\\\\\’\ OPERATING POINT NORMAL OPERATING POINT
i 4 Power operaTION (Thop)
1 1 i 1 . |
400 450 500 550 600 650 700

Reactor Coofant and Steam Qutlet Temperature, F

Plot shows an increase in both Pressure and Tpo¢. A slight increase in superheat
and steam pressure is also possible.

Possible Causes _ Possible Alarms

) bDecrease in or loss of main feed- © High - RC Pressure

water

ICS malfunction causing steam

@ High - Pressurizer level

pressure increase (Turbine valves | e Low - MFW Pump Flow
closing)

o Low - MFW Pump Suction
Pressure :

¢ High Main Steam Temperature
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Reference Time
Points {Seconds) Remarks
1 0 RCP's trip; reactor trip.
2 60-90 Tco]d reaches maximum value.
"3 400 0TSG's at required level; RCS pressure at minimum
value; recovery of RCS pressure begins.
3-4 >400 Steam pressure being‘restored by decay heat; TBV's
shut.
4-5 >400 RCS pressure normal. OTSG pressure still low due
to initial injection of EFW.
5 Depends on Steady state; TBV's begin relieving steam., Primary

available AT ~ 40F.
decay heat
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TABLE 1 HOW FAILURES AFFECTING HEAT TRANSFER CAN AFFECT REACTOR OPERATION

EQUIPMENT WHICH MIGHT HAVE FAILED

CONTROL PRINCIPLE FAILURE EFFECTS ON REACTOR-STEAM GENERATOR

Steam Generator Pressure Low Steam Release - T_. Drops; Reactor Subcooling Increases; Reactor Coolant
- Turbine Valves Open Sﬂ¥1nks;>Pressurizer May Drain; If Pressurizer Drains, Then
- Turbine Bypass Open Reactor Coolant Will Saturate.
- Steam Safeties Open
- Other Steam Extraction Open
- Steam Piping Break

Steam Condensation -

~ Emergency Feedwater On

Steam Generator Inventory High Level - Steam GeneratorLevel Increases; Superheat Lost; T  Drops;

(Too Much Feedwater)
Overcooling

- Feedwater Control Valves Open or Don't Close After Trip
- Feedwater Pump Overspeed ;

- ICS Controls; Power to ICS

- Operator Error in Manual

- Emergency Feedwater Not Controlled

Reactor Subcodling Increases; Reactor Coolant ShriﬁKs; Water
Can Enter Steam Lines; MFW Will Probably Not Cause Pressurizer
Draining if not severe or terminated early.

- If Emergency Feedwater Is Uncontrolled After Trip, The
Overcooling may Be Enough To Drain The Pressurizer; Reactor
Coolant Will Saturate.

Low or No Level
(Not Enough Feedwater

- Loss of Feed Because of Many Possible Fﬁi]ures In Feedwater
And Condensate System :

- Steam Generator Level Lost; T v Increases; Pressurizer Fills;
Reactor Subcooling Lost; Pres8irizer Relieves Through Safeties

Overheating - Feedline Break (LOCA).
Reactor Coolant Inventory Low - Loss of Coolant i - . . . .
- Rt oF e, takeup, sexl Insection, W1 e oo e bnarators oy B 1ok
- Uvercooling {100 Muc ’ ~ By Steam In Hot Legs.
. . N
High - Failure of Letdown, Makeup, Seal Injection, HPI - If HPI or Makeup Failure Fills the Pressurizer, the RCS Will Go
- Overheating (Not Enough Feedwater) i to 2500 PSI but Will Remain Subcooled.
. - If Overheating Failure Fills the Pressurizer, the RCS Will Go
to 2500 PS1 and the RCS Temperature Will Increase; Subcooling
Will Be Lost.
- In Either Case, a LOCA Through the Pressurizer Safeties Will
Occur.
Reactor Coolant Pressure Low RCS Pressure Control Equipment ; - If RCS Pressure Drops Too Low, Subcooling Will Be Lost.
- Spray Fails On, and ]
- Heaters Fail Off X
i
Loss of Reactor Coolant Inventory Control (Low)
High RCS Pressure Control Equipment

- Heaters Fail On, and
- Spray Fails Off

Loss of Reactor Inventory Control (High)

- RCS.Pressure will Increase to 2500 PSI; Coolant Will Be Lost
Until the Heaters uncover.



