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INTRODUCTION

The accident at Three Mile Island has caused the Nuclear Industry's per-
spective of emergency operation to change. That accident was difficult

for the plant operators to handle 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 pres-
surizer level misled the operator to think the core was covered when it
was not. The operator acted on that misleading information and core cool-
ing was stopped when he shut down Emergency High Pressure Injection and
the Reactor Coolant Pumps. The combination of multiple failures and incor-
rect 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. These
guidelines have been developed so that operator can understand what has
gone wrong so he can circumvent failures and still keep the core cool with

the available equipment.

When failures of equipment occur they frequently cause a change in the

heat transfer from the core to the steam generators. When the reactor is
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operating normally all the heat produced by the core is being removed by

the steam generators; primary and secondary system pressures, tempera-
tures, and levels are stable. Heat transfer is balanced. Any transient
will cause an upset in the heat transfer from the core to the steam gene-
rators and the main objective of emergency procedures is to restore and
maintain adequate core cooling. Heat transfer will be affected in dif- .
ferent 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 and
temperatures are parameters from which three basic symptoms of improper

heat transfer can be derived and used to discover what has gone wrong.

These guidelines will use those heat transfer symptoms as the source of .

information for the operator action. Recognition of just three basic heat

transfer symptoms will given the knowledge needed so the operator can re-

store and maintain adequate core cooling.

Correlation Between Part I and Part II

Use of symptom-oriented procedures involves a different approach to plant
control and requires a shift in emphasis in operator training. The opera-
tor is no longer limited by, nor is he required to solely rely on, the ‘
designer's foresight in providing the key alarms and indications for every
conceivable event that could occur. The symptom approach of Part I will
work, regardless of the event. By training on the ATOG approach, the
operator will have a thorough understanding of heat transfer, plant con-

trol, and the various options available for controlled core cooling when ‘
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systems and equipment fail. Part II of ATOG was written to provide the
basis for this understanding with the intent that it be used as part of

the operator training program.

Part II, Volume 1

. Volume 1, "Fundamentals of Reactor Control for Abnormal Transients,' pro-
vides the basic background necessary for understanding heat transfer and
builds on this information to enable the operator to recognize abnormal
conditions when they develop and take the appropriate actioms to correct
them. Volume 1 covers primarily information regarding the heat transfer
process and mechanisms, including subcooling aﬁd natural circulation.

’ Volume 1 also shows how to use the P-T diagram and this knowledge of heat

transfer to diagnose abnormal transients and mitigate them.
The preferred method of core cooling is with controlled primary to secon-—

|

\

|

| - : . )

| dary heat transfer and many abnormal transients involve restoring a
\

balance to this heat removal path. However, this is not always possible;
|

therefore, Volume 1 discusses core cooling methods when the steam genera-

| ‘ tors are not available.

Volume 1 also covers operational methods for key systems (feedwater, HPI,
etc.) and equipment for various conditions, provides guidance on verifi-
cation of plant stability, discusses the fundamentals of reactor building

control, and provides instructions on the use of the guidelines.
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Volume 1 contains a considerable amount of information and should be
studied periodically for optimum comprehension and retention. Three major
points should be kept in mind when reading Volume 1:

1. Understanding heat transfer is essential.

2. Relationship of symptoms and control functions.

3. Differentiating rules and guidelines.

Heat Transfer

One aspect of plant control and the use of ATOG cannot be overstressed:
the importance of understanding heat transfer and primary pressure-tem-~
perature relationships. A thorough grasp of the heat transfer process and
P~-T relationships will enable the operator to:

- recognize abnormal conditions (symptoms)

- evaluate plant response to corrective actions

- implement backup cooling methods when needed
Although virtually any event or combination of events could conceivably oc-
cur, they all present the common threat of disrupting core cooling. Thus,
the major thrust of ATOG is to maintain some form of controlled core
cooling, whether it be by the steam generators or ECC systems. Simply
put, understanding heat transfer allows recognition of symptoms of ab-
normal transients. Recognition of symptoms allows implementation of the
appropriate sections of Part I. Implementation of the appropriate sec-
tions of Part I and verification of plant response allows stabilization

and restoration of controlled core cooling.
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Symptoms and Control Functions

Section III of Part I of the guidelines is divided into four main sections
to address the basic heat transfer symptoms (lack of subcooled margin,
overheating, and overcooling) and the special case of SG tube rupture.
Part II discusses the importance of 'control functions". These control
‘ functions are:
1. RC inventory
2. RC pressure
3. SG inventory
4. SG pressure
A fifth control function, reactivity, is also important in heat transfer
, considerations. However, reactivity is quickly controlled by reducing
‘ core power to the decay heat level by automatic reactor trip, manual

reactor trip, and/or emergency boration.
I1f control of one of these four functions is lost, it will impact primary

|
\
|
|
\
|

to secondary heat transfer and become evident as one of the three symp-

toms. For example, a loss of SG inventory control low (loss of feedwater)

‘ will result in a loss of primary to secondary heat transfer (overheating).

Conversely, a loss of SG inventory high (too much feedwater) will result

in excessive primary to secondary heat transfer (overcooling).

When a symptom appears, one or more of these functions are not being con-

trolled properly. Regaining control of these four functions will restore

‘ controlled core cooling.
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Rules and Guidelines

Volume 1 provides guidance on the operation of systems and equipment for
many conditions and various events. When an action must always be taken
for the conditions specified it is called a rule and is enclosed in a box
for emphasis. For example, the RC pumps must always be tripped whenever

the subcooled margin is lost; therefore, it becomes the RC pump trip rule. ‘

Whenever specified actions are recommended, but not always mandatory, they
are considered guidelines. TFor example, Table 6 in Volume 1 provides

guidelines for RC pump operation for different plant conditions.

ATOG was designed for maximum flexibility in order to address the spectrum ‘
of conceivable transients. Therefore, rules have been kept to the minimum
necessary. The wuser should remember, however, that the guidelines are
also important and should be followed whenever they are applicable and

feasible.

Part II, Volume 2

Volume 2, "Discussion of Selected Transients," provides detailed coverage .
of six specific initiating events. Although t;he ATOG concept 1s a break

from the traditional event-oriented approach, Volume 2 was structured in

this manner to meet the following objectives:

1. Validate the ATOG Concept

Most operators involved in the initial implementation of the ATOG

concept will be experienced with use of event-oriented procedures ‘
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and may understandably be resistant to a different approach. Vol-
ume ! discusses ATOG in a general overview manner and, standing

alone, may not fully promote user confidence in the concept.

Therefore, Volume 2 is provided to give examples of representa-
tive events and how the use of ATOG will lead to successful miti-
gation. Although the event is given, the diagnosis and mitiga-
tion is written with the assumption that the operator (in the

example) is unaware of the specific cause.

In addition, the discussion on each transient demonstrates suc-
cessful mitigation of events compounded by other failures using
the same basic ATOG procedure. This highlights the relative sim-—

plicity of using a single, comprehensive procedure as opposed to

several discrete procedures.

The transients depicted in Volume 2 are derived from more realis-
tic analyses than previously used for design bases accident analy-
ses. Thus these transient discussions should give the operator a
better feel for how the plant would actually respond should
similar conditions occur. Where available, actual plant data

from representative transients is used.
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2. Amplify Volume 1

The structure of Volume 2 provides a ready vehicle for conveying
more detailed information about transient types (e.g., over-
cooling) and peculiarities and complexities of specific events.
This is especially true for the appendices covering SG tube rup-
ture and small break LOCA. These two events are unique in that ‘
they cannot be quickly terminated and stabilized. They impact
many facets of plant operation and their mitigation 1is highly
dependent on specific conditions at the time of occurrence (in-
cluding the size of the leak). Consequently, considerably more

event specific information is provided in these two appendices.

The entire purpose of these guidelines is to give an overview on ‘

reactor transients, their diagnosis and control, so transients as
severe as the Three Mile Island accident will be prevented. Be-
cause transients will notA follow a planned course, anything can
happen. Consequently, a symptom—oriented approach 1is necessary

to ensure transient control.

These guidelines should provide enough background and under- ‘

standing so that no matter what happens, the operator will have
sufficient understanding to correctly respond to the transient

using the principles of heat transfer control.
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CHAPTER A

BASIC HEAT TRANSFER

Introduction and Summary

This section of the guidelines gives the basic principles of heat transfer

that are important for removing heat from the core so that it can be

properly cooled. The chapter is divided into three parts: 1) "Basic Heat
Transfer", 2) Addendum A - "Subcooled, Saturated, Superheated Water', and
3) 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 1is 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 fundamentals of heat
transfer control and how the operator applies these fundamentals to get

balanced heat removal.
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Heat Transfer Equations

The path for heat flow from the core to the steam generator is:
Core Heat ——— 9 reactor coolant

Reactor coolant heat———— Steam generator water and steam

The steam generator then releases the heat either to the atmosphere

or to the condenser.

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 coolant is the heat sink. When the plant is
tripped the reactor coolant pump heat becomes a significant heat
gsource. For the second heat transfer path the reactor coolant is
the heat source for the steam generator 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 from 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:
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

DATE: 3-23-82 PAGE 13
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2. Stored Heat - which is the'heat of the metal parts of the

reactor coolant system and of the reactor coolant

When the reactor is operating at steady state and heat removal 1is

balanced the steam generators will remove the nuclear heat and RC
not change. In other words the stored heat will stay the same.

‘ pump heat as it is generated and reactor coolant temperatures will

| If the steam generators remove more heat than the core and RC pumps

|

| are creating then they will remove both generated heat and stored
heat; reactor coolant temperatures will drop. Normal cooldown is a
condition when both generated heat and stored heat are being removed
within a specified rate; this is a controlled condition. If the
condition is abnormal 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 : 3-23-82 : ~ PAGE 14
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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 the heat transfer path from the

core to the steam generators. When the heat transfer is balanced:

Equation 1) écore = é reactor  coolant
for the heat transfer path from the
core to the reactor coolant
and
~ Equation 2) dreactor coolant = é 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 Equation 1 equals Equation 2. But when heat
transfer becomes unbalanced they will not be equal. Interruptions
of the heat transfer path can happen when the reactor coolant is not
a good heat sink for the core (écore # éreactor coolant); ©r when

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

coolant (Qcore #* Qsteam generator fluid)-
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The unbalanced condition of concern for core heat transfer to the
reactor coolant is when there is not enough heat transfer from the
core to the reactor coolant. This can happen when the core is
partly covered by water and partly by steam or covered completely by
steam; then écore # dreactor coolant+ When this happens not enough
nuclear heat can be transferred from the core to the reactor coolant
and the core will heat up. The stored heat of the fuel clad will

increase which will result in increased 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 éreactor coolant
will increase or decrease depending on the heat removal by the
secondary side. The reactor coolant temperatures will change in
order that temperature (ther@al) equilibrium can be re-established
between the primary and secondary side fluids. To show the effects
Equations 1 and 2 can be written to add temperature terms:
Equation 1 (écore = drc) can be written as:

Equation la bcore = MycCprc (TH-T¢)

where: M. = reactor coolant system mass flow rate
(1bm/hr)

Cpyrc = specific heat capacity of the reactor
coolant (BTU/1lbm-F)

Tl = core outlet temperature (F)

]
I

c = core inlet temperature (F)
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Equation 2 (Q,.. = ng) can be expanded as follows:

Equation 2a: Qsg = UAAT

where: U = overall heat transfer coefficient

A total area of heat transfer surface

[

AT = temperature differential across the heat

transfer boundary
Overall heat transfer coefficient 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
oxide 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 secondary side of the steam generator has three‘ different
regions along the tube bundle 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% 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.
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The heat transfer surface areas and AT's involved for each of the
three regions 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 secondary heat removal during power
operation, the effects in each of 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 generators are at saturation
conditions with two basic regions, saturated water and saturated
steam. Almost all of the heat tramsfer 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 latenf heat of vaporization and the nucleate
boiling provides a much higher heat transfer coefficient (U). Below
this level the water is saturated with a considerably lower heat
transfer coefficient, although this heat transfer coefficient 1is

still much higher than exists in the steam space.

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

temperature can be considered equal to Tpo¢ throughout the steam
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space). Even though the area 1is large, the heat transfer coef-

ficient. is small 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 Thot
is close to Tgye of the steam. The AT is larger between Ty, and
Tgat - during natural circulation but the heat transfer coefficient is

even smaller due to the lower primary flowrateés.

The primary factors affecting heat transfer in the water region are
surface area and the AT between the primary and secondary sides.
Surface area 1is 1increased by increasing feedwater flow to raise
level. The primary increase in )area takes place in the saturated
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) 1is decreased and replaced by area in the saturated water

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

The major method of affecting 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 valves) saturation tempera-
ture also decreases which increases the AT across the tube wall.
The higher AT causes heat transfer (ésg) to increase thus cooling

the primary side. Of these two factors (surface area and AT), AT is
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the major factor. Affects due to surface area are only significant
while the surface area is changing. Once a constant water level is
maintained, changes in heat transfer are primarily due to changes in

AT.

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 spray. This reduces the saturation
temperature which increases heat transfer as described previously.
Second, where water.contacts the tube surfaces 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 pressure 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 1increase. Allowing steam generator
level to decrease will ndt 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 :

3-23-82 | PAGE 20



BWNP-20007 (6-76)

BABCOCK & WILCOX NUMBER

NUCLEAR POWER GENERATION DIVISION

TECHNICAL DOCUMENT 76~1123298-00

In summary, the operator can control primary to secondary heat
transfer after reactor trip by controlling two major 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 transfer by reducing steam pressure or by
raising steam ge‘nerator' level. He can decrease heat transfer by

allowing the steam generator pressure to 1lncrease.

FOOTNOTE

Equations 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 codlant systém 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 spray and there is some
"leakage'" through spaces in the intermals. This amount of flow is
small and it has been ignored for these equations. Alsd, 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 1is
also added by reactor coolant pumps (as in plant heatup to power
operation), but it 1is small compared to core heat when the reactor
is at power (but the reactor coolant pumps are 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

The preferred way of removing 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 coolént 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 functions of heat transfer
control are:

- Reactivity control (core heat output control)
— Reactor coolant pressure control

- Reactor coolant inventory control

- Steam generator pressure control ‘

Steam generator inventory control

When an abnormal transient occurs, one or more of these five func—-
tions 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 Coolant 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 Coolant 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

transfers 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. In order for it to remove heat at the correct rate the
amount of fluid and its flow rate through the steam generator

must be controlled.

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

control, steam generator pressure control will maintain the

reactor coolant in a subcooled liquid state.

Each one of these control functions 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 steam pressure will cause a direct change in the saturation

temperature 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 temperature 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 pressure using the turbine bypass valves or
the atmospheric dump valves. When the steam pressure is lowered the
heat transfer from the reactor coolant to the steam generator in-
creases 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 reduéed
by lowering the steam pressure which causes the rate of boiloff to
increase. The increased 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 genérator and so its addition contributes
to the colder heat sink. Because a colder secondary heat sink
exists the primary side temperature will drop as heat is trans-

ferred.

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).

=~ 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 spray.
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Steam pressure can also 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 affect on reactor coolant temperature is small. But if
steam pressure is low because of a failure, for example a steam line
break, the change 1in reactor coolant temperature could be much
larger. When the steam break is isolated the reactor coolant adds
heat to the generator and 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 amounts 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 the reactor coolant.

For example, after trip 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 feedwater is caused by the inlet feedwater
temperature which is colder than the general temperature of the bulk
of the fluid in the steam geﬁerator. The inlet feedwater 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.

T .
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Too much inventory can also be the result of overfeeding with the
Emergency Feedwater System. Even though its flow rate 1is lower,
Emergency Feedwater will have a proportionally larger cooling effect

on reactor coolant than main feedwater because:

a) it comes on when the reactor is tripped and core heat is

lowest,

it is colder (Tjplet 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 increase. When all feedwater 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 and steam pressure will drop; loss of the

‘ steam eliminates the heat sink of the steam generators altogether.

+Finally, another part of steam generator inventory control is feed-
water temperature. The heat sink of the generators 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
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

4
‘ " 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. ngeral ways also exist to vary the den-
sity of the reactor coolant. As shown by the previous discussions
of steam generator pressure and inventory control, changes of the
rate of heat transfer from the reactor coolant to the steam gener-
ator can cause the reactor 'coolant to 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 vfeedwater). 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 mnatural circulation. When circulation stops and heat
transport stops then the steam generator temperature will not
"set!" the temperature of the reactor coolant; T.o1q Will not

change when Tg,¢-gg changes.
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If the mass of the reactor coolant system continues to decrease
and the core 1is 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 this situation 1is not

corrected.

2) A change of mass or density can affect the ability of the pres-
surizer to provide pressure control of the reactor coolant
system (this will be discussed next under Reactor Coolant Pres-

sure Control).

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

tor pressure and inventory.

The inventory of the reactor coolant system cannot be measured
directly. But the operator 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 likely 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 Control

[

Reactor coolant pressure control 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 control is provided by
the pressurizer. (Reactor coolant pressure control is different for
LOCA's and small breaks than for other plant-conditions. It is dis-
cussed in detail in Appendix F.) Use of pressurizer heaters and
spray is the wusual 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 safety valves. Neithef the
heaters nor spray have enough capacity to prevent large abrupt pres-
sure changes, but they can moderate sméll 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 control 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 can fail.

Each of these is discussed below:

Draining the Pressurizer: If the pressurizer level drops
sufficiently to uncover the heaters, the heaters cannot provide
pressure control because no water is available to be boiled by the
Q heaters to create steam. If the pressurizer drains completely, RCS
pressure will then be controlled by the highest fluid temperature in

the system.

When the pressurizer drains the reactor coolant system pressure will

decrease to the saturation pressure of the reactor coolant in the

' hot leg. Pressure will then be controlled indirectly by the steam
‘ generator (the steam generator sets the reactor coolant loop hot and
cold leg temperatures). Since the hot 1leg 1is at the highest

temperature the reactor coolant in the hot leg will flash to steam.

In effect the hot leg will become a pressurizer.

;. PAGE
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Filling. the Pressurizer:

Spray depressurizes the reactor coolant system by condensing the

steam in the pressurizer, If the pfessurizer fills with water, the

spray cannot be effective for depressurizing because the steam space

is lost.

When the pressurizer fills, 'the reactor coolant system may or may ‘
not lose subcooling and become saﬁurated depending on what caused it

to fill. If 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 reactor 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 loss of pressure control. If the spray fails and
cannot be turned off the system will depressurize. Depressurization
may also occur if the heaters fail in the "off" mode. The reverse is
not true; failure of the spray in the "off" mode will only limit the
ability to depressurize. Unless something else happens to the plant,
pressure increases and decreases will not occur. If the heaters fail
Yon" 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 pressurize 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 emnsure the reactivity control systems
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functionAproperff..QAfter the trip no more heat transfer control can
be achieved by use of the rods, unless the rods did not fully insert.
If one or more 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 boration and a reactivity balance
calculation shouldvbe performed to ensure a shutdown margin in excess

of 1Z Ak/k is achieved. ) '

Summarz

The preceding discussion introduced the concept of reactor-steam
generator heat 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 hasAgone wrong and cor-
rect it. An understanding of the major influences on reactor-steam
generator 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 identification of specific
failures. Thus, an understanding of the principles of heat transfer
and the control methods permits a more direct and efficient 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

steam outlet.

The core cooling with the steam generator can occur as long as two

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 manipulating equipment to regain
heat transfer control without knowing exactly which equipment
has failed. Consequently, proper heat transfer can be restored
quicker and more accurately than if the operator had to hunt for
the equipment failure. In 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 equipment that has failed and by
doing so, isolate it, remove it from service, or repair the

equipment.

Understanding the influénce each of these controls have on overall ‘
heat transfer will also give an understanding of 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 summaries, ‘
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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CONTROL PRINCIPLE

FAILURE

EQUIPMENT WHICH MIGHT HAVE FAILED

Tabfe 1 HOW FAILURES AFFECTING HEAT TRANSFER CAN
AFFECT REACTOR OPERATION

EFFECTS ON REACTOR-STEAM GENERATOR

Steam Generator Pressure

Low

Steam Release -
- Turbine Valves Open
~ Turbine Bypass Open
- Steam Safeties Open
- Other Steam Extraction Open
- Steam Piping Break
Steam Condensation -
- Emergency Feedwater On

T_ Drops; Reactor Subcooling Increases; Reactor Coolant
sh¥inks; Pressurizer May Drain; If Pressurizer Drains, Then
Reactor Coolant Will Saturate.

Steam Generator Inventory

High Level
(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

- Steam Generator Level Increases; Superheat Lost; T_._ Drops;
Reactor Subcooling Increases; Reactor Coolant ShriﬂKs; 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 Failures In Feedwater
And Condensate System

- Steam Generator Level Lost; T v Increases; Pressurizer Fills;
Reactor Subcooling Lost; PresBlirizer Relieves Through Safeties

Overheating - Feedline Break (LOCA).
Reactor Coolant Inventory Low - Loss of Coolant . _ : . ; .
- Foflur of Lation, tateup, Seal Injtion, W1 e e etn boncraiors oy 86 B1ocke
- Uvercooling u ’ By Steam In Hot Legs.
High - Failure of Letdown, Makeup, Seal Injection, HPI - If HPI or Makeup Failure Fills the Pressurizer, the RCS Will Go
- Overheating (Not Enough Feedwater) to 2500 PSI but Will Remain Subcooled.
- If Overheating Failure Fills the Pressurizer, the RCS Will Go
to 2500 PSI 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 _ . .
Z Spray Fails On, and If RCS Pressure Drops Too Low, Subcooling Will Be Lost.
- Heaters Fail Off
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.
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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 subcooled, saturated, and superheated
‘ are normally used within operating procedures. These terms mean the
following:
Subcooled: Water can exist only in the liquid phase.
Saturated: If heat 1s added to subcooled water a temperature,

for the existing pressure, will be reached where the
water can exist either as a liquid or V'as a gas
‘ (steam). At this point, the liquid is called satu-

ated water and the gas 1is called saturated steam.

temperature and bressure. Heat must be added to satu-
rated water to change it to saturated steam. Heat
(.:an 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 laten/t 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 temperature will be higher than

|

|

The liquid and steam phases both can exist at this
|

|

1 the saturation temperature for the existing pressure.
|

|

)
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- The normal state of the steam coming out of the steam generator 1is

superheated during power operation and saturated after trip.

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

pressure and temperaturé on a pressure-temperature diagram (see below):

SUBCOOLED

SATURATION LINE

SUPERHEATED

] ————

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:

DATE: 3-23-82 ' [ PAGE 40




BABCOCK & WILCOX

NUCLEAR POWER GENERATION DIVISION

BWNP-20007 (6-76)

NUMBER

‘TECHNICAL DOCUMENT 76-1123298-00

1.

Teold

The primary loops are solid water and a water level is present
within the pressurizer.

The pressurizer water level is a true measurement of RCS inventory.
(NOTE : A very special case can exist when the reactor coolant 1is
subcooled and a water level is in the pressurizer but the loops are
not full. 1In that case pressurizer level is not a true measurement
of inventory. That condition is when there is a large amount of
free gases in the loop. The gases willvbe mostly Hp, 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 coolant is liquid and is ideal for heat removal from
the core and heat transport to the steam generator by either forced
or natural circulation.

RC pressure can be maintained by the pressurizer and can be regu-
lated by using normal procedufes and equipment (spray, heaters, and
regulation of pressurizer level by the MU and/or HPI system and
letdown).

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

and steam pressure.

Subcooling should be checked in all parts of the loop especially when natu-

circulation is removing heat., The operator should check Ty, and

in both loops and the core exit thermocouples. Anytime subcooling

is lost the HPI system should be turned on full.
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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 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'.

Saturation

A loss of subcooling can happen when the pressurizer drains or is filled
sélid (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 1in 1isolated
pockets of the loop (i.e., within one or both hot leg pipesvor the reactor
vessel head but not in the cold leg pipes) or within the system as a
whole, as would be the case during a major LOCA. Therefore, temperatures
should be checked in the hot legs of both loops. When the RCS is
saturated:

1. The reactor coolant temperature and pressure will not show

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

NATURAL CIRCULATION

When the reactor coolant puﬁps 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 heat to the steam generators by natural
‘ circulation of the reactor-coolant. Natural circulation is possible as
long as the following requirements are met: 1) a heat source is available
to produce warm (low density) water; 2) a heat sink is available to pro-
duce cold (high densiﬁy) 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 than the warm water. Requirements 1, 2 and 3 are met by thg
‘ following: decay heat in the core is 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 steam generator where the primary
. water is at average temper.ature. It can be used to represent the entire

column of water in its "average" conditions.

Thermal Center Definition

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

may be considered to go from T 514 to Thot -
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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 Ty, to

Teold-

Requirement &4 for natural circulation can be met if the thermal center of

the steam generator is at a higher elevation than the thermal center of

the core. This will put the "averdge" cold water 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:

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

The strength of the heat 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, decrease 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.

The strength of the heat sink: the colder the heat sink 1is 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 circulatién flowrate will increase. The operator can make

the heat sink colder by 1) lowering secondary steam pressure
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(opening the turbine bypass or valves more), this will lower secon-
dary saturation temperature which will increase heat transfer
across the tubes; or.2) lower feedwater temperature (for example,
shift from main feedwater to emergency feedwater), this will
increase the heat transfer across the tubes by providing a larger
primary to secondary A T.

° Difference in height between the core thermal center and the steam
generator thermal center: The larger this difference is the more
imbalance will exist between the high cold water and the lower hot
water and more natural circulation flow will result. The core
thermal center 1is 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 tHeAEFW 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. If FW is stopped, the thermal

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

In summary, the natural circulation flowrate can be changed by changing
the difference in temperature (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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APdriving head ~ Deff CYSEN 'Y
where:  APgrjying head = available driving head for natural
circulation
heff = distance between core thermal center and steam

generator thermal center (effective height)

P = density of cold water at steam generator thermal
center '
Py = density of hot water at core thermal center

This is shown graphically in Figure 2.

Natural Circulation (All Other Conditions Normal)

When the reactor coolant pumps are tripped the operator should check two
things to make sure natural circulation 1is being 1initiated 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 the accident mitigation chapter of these
guidelines). Second, he should make sure the thermal center 1is 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 generator 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 flowing at sufficiently high rates into the top
of the generator it is not necessary to get a level in the genera-
tor to have natural circulation. If the heat source (decay heat)
is high enough, the MFW may come in and boil right off and go out
as steam. This 1is acceptable; the thermal center is high and
natural circulation will develop.

If MFW is not available natural circulation can be initiated using
emergency feedwater. Again, the level will be raised automatically
to 50% on the operating range when the RC pumps are tripped.

With two EFW pumps running or with low decay heat levels 1t is
likely that the reactor coolant will be overcooled and could drain
the pressurizer even with proper automatic control. This is due to
the fact that the automatic control will provide essentially full
EFW flow until the steam generator levels approach the level
setpoint. 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 temperatures.
If necessary, EFW should be throttled to prevent overcooling.
Guidelines for throttling EFW are discussed in the Best Methods
chapter.

Ideally, main feedwater is best used for natural circulation if MFW

and the associated controls in the ICS are available. MFW can be

A
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injected through the upper nozzles to establish a higher thermal
center (while flow exists) with less likelihood of overcooling than

is possible with colder EFW.

Figure 3 shows how RCS temperature and pressure, and steam generator
temperature and pre'ssure 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 of recovery of
the steam pressure depends on the amount of decay heat available. When
steady state is reached, the cold leg temperatures (Tcold) will be just
about equal to the saturation temperature in the steam generators. The
hot leg and incore thermocouple temperatures will increase as necessary
to develop the driving head required for flow (by developing a density
change between Tj and TC). The best measures to use to see if natural
circulation has started are the coupling between Tc and the steam
generator tempefature, the relat.:ionship of T, and the incore
thermocouples, and the temperafure difference between T, and T.. When
the incore thermocouples, Tp, and T. are sub'cooled, they should follow
steam generator Tg,r when it changes; the temperature difference
between T, and T. should be Vv 50-60F (maximum decay heat with both SG
levels at 20 ft.) and an average of the five highest incore thermo-
couples should track T, within approximately 10F. If T. only is
subcooled and T, and the incores are saturated, natural circulation
characteristics should be the same as if they are both subcooled; how-

ever, the incores will not provide verification of flow since both T
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and the incores are saturated. Once natural circulation is established
and the higher steam generator levels are reached, the operator must
ensure feedwater 1s available to replace the steam generator 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.
Natural circulation flow will regulate itself. That is, as the heat
source (decay heat) dies down the AT (Tp - T.) will go down and there

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

Natural Circulation - Abnormal Operation

The discussion so far concerned expected or normal natural circulation
conditions. That is, the RCS 1is subcooled, the level in both steam
generators is 50% on the operate 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 generator (steam line break and iso-
lated generator is dry). If he is also in natural circulation he can

expect the following:
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Thot on both loops will be about equal; T.old ©on the operating gen-
erator will be equal to Tg,a in the operating steam generator;
Tcold in the isolated generator will not be equal to Ty, in the
isolated generator, it will probably be much colder being influenc-
ed by seal injection water temperature coming into the idle pumps;
(Th—TC) on the operating steam generator should again be 50-60F
but the 1level in the bperating' steam generator may have to be
raised above 50% to maintain adequate natural circulation flow.
Steady state operation under these conditions is stable and safe.
Plant cooldown, however, is complicated 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 sink. In fact, the
isolated generator may add enough heat to cause the reactor coolant
in its hot leg to flash to steam. If this happens, that hot leg
will act as a éressurizer.and slow down the depressurization during
cooldown. This will also slow down the cooldown rate. The
operator must carefully watch subcooling in both loops under these
conditions and make sure 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
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as thé 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 operakor 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 legé and eventually stop natural cir-
culation flow (this is a violation for the fequirement thaf a flow path

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

Another form‘of natural circulation could still exist under these con-
ditions called boiler-condenser cooling (boiling 1in the core and
condensing in the steam generator) but it requires a higher steam
génerator level (95% on operator.range). This method is discussed in

detail in theABackup Cooling Methods chapter 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.

*This could also be violated by a large collection of non-condensible
gases in top of the hot legs, however, such a collection could only
exist following a core uncovery. At that point the operator would .

be using inadequate core cooling procedures.
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Recognition of Loss of Natural Circulation

A loss of natural circula;ion can occur for ‘Variou‘s reasons and several
indications may be available. | If the RbS is subcooled, a loss of natural
circulation flow is more than likely a result of ina_dequate heat removal

by the steam generators. The thermal center in the steém generators may

be too low. At low decay heat levels or during single loop cooldown, the ‘
SG levels may have to be Araised.above 50% on the operate range to induce

or maintain natural circulation flow. When rn‘atural circulation flow

exists, Tphot ana the incore thermocouples will track together within ~ 10F
(although there will be some time: lag due to iong loop transport times). -

In addition, T.,1q and Tg, of the SG should track together.

The best single indication of a loss of natural circulation flow when the

RCS is subcooled 1s a divergence developing between the incore thermo-

couples and Th,y When. the flow 1s lost, the incore thermocouplés will
begin a continual increase toward saturation. The rate will depend on the
decay heat level. Tpo¢r 1indications may also increase but can ;actually
decrease and begin to converge with Tcolci' In any case, Tpor will not
increase as rapidly as the incore thermocouples and the two indications ‘
w‘ill diverge. Another indication of loss of natural circulation is a ''de-
coupling" between Ty, in the SG and T.,14. If T.o1q ceases to follow
Tgar natural circulation flow is lost. However, this 1s not as positive

an indication as the divergence between the incore thermocouples and Tyt .
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When the RCS is saturated and natural circulation flow is lost, this

divergence may not develop significantly. The best indication of a loss

of natural circulation flow when the RCS is saturated is a trend of incore

thermocouple temperature vs. RCS pressure increasing along the saturation

curve. Flow can be lost due to low thermal centers in the SG's or

blockage due to voids in the RCS. When saturated, SG levels should be

maintained at 95% on the operate range and full HPI flow should exist. If

- voids exist in the RCS, it 1is possible that boiler-condenser cooling was

in progress. As the RCS refills, cooling in this manner is expected to be
lost when the RCS liquid level increases above the SG tubes. However, in
this case cooling should be restored by continﬁed refill and by following
the actions specified in Section III.B of Part I (RCP bumps, reducing SG

pressure, etc.).
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| CHAPTER B
{

S S

USE OF THE P-T DIAGRAM

Introduction

U S

: The previous chapter provided the fundamentals of reactor heat transfer

control and also presented information about natural circulation, sub-
cooling, saturation and superheating. These basics are the background
information needed to diagnose transients and follow through with the

correct operator actions. This chapter builds on that information.

The foundation for abnormal transient diagnosis and operator action is

O the reactor coolant pressure~temperature diagram (P-T) which is used to

show how changes of heat transfer affect plant operation. Examples of

)

|

i

|

|

. : reactor coolant system pressure and temperature response for normal
) . - :

! trips are shown; the response is also shown for a few selected abnormal
! .

1

5 events. These examples will show the difference between transients in

which all systems and equipment function properly and those which have

e : several failures.

The P-T diagram is used to identify a transient ''type'. There are two
general '"types'" of transients which cause the core to steam generator

. heat transfer to be abnormal: overheating (inadequate heat transfer),

and overcooling (excessive heat transfer). Changes of the amount of
% . éubcooling can also occur for a number of reasons. The P-T diagram can
}l‘ be used to find out in general what may be wrong and can be used to
s/
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narrow down the number of possible failures. Observing the P-T diagram
is the first step for abnormal transient diagnosis; the second step is ' ‘
to observe a few pertinent parameters associated with the "type" of

transient to narrow down the possible failures.

The P-T diagram will be used to monitor actions taken by the operator O
to see if they are producing the right effects. When equipment fail-
ures cannot be found or cannot be fi);ed 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 ensure the plant has stabilized after a O

transient has been terminated.

- 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 saturation line 1is

the subcooled water region; below it is 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 Tho leg; if Tco14 leg Were
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shown on the figure it would be to the left. The size of the window is
based on an expected approximate instrument error and also an allowance
from the desired setting due to ICS control of minor plant variations.
Actual '"mormal" power operation could be anywhere within this window
and be acceptable. This window is a "moving" window because Thoy Will

change as plant 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. The
point where these two lines cross in the superheat region 1is the
"normal" steam outlet operating point at power. The amount of supef-
heat 1s shown as the difference between the saturation temperature

(where the steam pressure line meets the saturation curve) and the

steam operating temperature. The amount of superheat will change when
the power level changes. (Note: 1In an actual P-T display, superheat
will only be shown if steam ‘temperature is measured. If steam

temperature 1is calculated for steam pressure it will always show

saturation temperature even at power.)

Figure 9 shows a P-T diagram for post-trip conditions. Most of the
feature of Figure 8 are also shown on Figure 9. The important dif-
ference between Figures 8 and 9 is a line 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 steam generator fluid. Because the reactor coolant conditions
around the loop can be different and because the conditions can 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 subcooling margin was chosen based on the ability
to accurately measure the reactor coolant temperatures and pressures
(instrument errors) during. degraded reactor building environmental
conditions (LOCA or SLB). It also includes an extra 5F to allow for
temperature variations from the point of measurement in the system.
This will give assurance that the reactor coolant is truly subcooled
when above the margin line 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 1lost (ie., the RCS 1is at saturation). The
subcooling rule that was given in Addendum A should be invoked (it is

repeated here):

HPI Subcooling Rule

Two HPI Pumps should 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.
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NOTE: ALl three HPL pumps start on automat ic initiat ion but
only two are required. Therefore, it all three are
operating properly, the operator should secure one of

the HPI pumps supplying Train 'A’,

The P-T diagram can also be used to monitor and control HPI and RC pump
operation. When HPI 1is initiated it can only be throttled when the
subcooling margin 1s regained. In general, if the RC pumps have been
tripped they can be restarted anytime the subcooling margin is regained
and OTSG level exists {(i.e., heat sink available). Exact details of
HPI and RC pump control are given in the chapter called "Best Methods

for Equipment Operation".

Figure 9 also shows a "post trip" operating window. This window has
been drawn to show where the reactor coolant pressure and temperature
should end up after reactor and tufbine trip. The size of the window
has been compiled from a review of several actual reactor trips (plus
computer 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 determining 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 in progress and
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operator corrective 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 point can be inside or outside of the window (Criteria for plant
stability are given in the chapter entitled, 'Post Accident Stability

Determination".)

An abnormal transient is also indicatéd 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 psig, therefore, if steam temperature is lower than
542F after a trip an abnormal condition is indicated. A loss of reactor
coolant to steam generator heat transfer may also be noted when T. does

not follow Tg,¢ in the steam generator.

The "post trip windoﬁ" shows two end points: One is fqr natural cir-
culation. When the RC pumps are off T.,1q will be nearly the same as
steam temperature but Ty, will be greater. | The value of Tpor will
depend on the decay heat level. The other end point shows forced
circulation. When the reactor coolant pumps are running Tyt and Teold
will be almost the same after trip and both will be almost the same
temperature as steam temperature. Nearly every trip will end at either

the forced or the natural circulation point if all equipment operates
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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. If the reactor coolant temperature
and pressure path stay inéid'e this window or if the transient path goes
outside this window slightly but returns, then the transient 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 more detail later. If the reactor pressure and
temperature are moving away from this window and do not return then an
abnormal transient 1is 1in progress and corrective 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 transient 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.
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Figure 9 also shows steam pressure; as illustrated its value is at the
960 psig '"lower" steam pressure 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.)

Steam pressure and temperature aré very important parameters to review
to determine if the plant is working 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 reactor coolant, and 2) indicate if the reactor
coolant 1is transporting the core heat to the steam generator so the
. N
steam generator can remove the heat. It 1is important to note that
other parameters that afevnot displayed 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
N
excessive feedwater causes the transient path to leave the post-trip
window, the overcooling of the reactor coolant will cause the
pressurizer to be in a nearly-drained condition. Thérefore, 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 transients to be illustrated include:

‘ - A normal reactor-turbine trip with no failures

- Transients that show the effects of equipment failures
before trip
- Transients that show the effects of single and multiple

equipment failures after trip.

These examples are used to show how reactor coolant system pressure and
Q temperature and steam pressure change when different failures cause

changes in heat transfer.

P-T Transient - Normal Trip

Figure 10 shows the typical response of both primary and secondary

plant parameters following a reactor trip. Individual important
parameters are shown as well as the P-T diagram. The shape of the
‘ reactor coolant P-T characteristic path from power operation (above

15%) to hot zero power is always like this unless an abnormal transient

is in progress. The "dip" of the curve is due to cooldown of the RCS
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to near Tg,r of the steam generators for the turbine bypass system
(TBS) setpoint. The cooldown results in coolant shrinkage which causes
a pressurizer outsurge and pressure reduction. After the RCS reaches a
temperature slightly above Tg,r of the SG's, the reactor coolant will
repressurize and stgbilize. Depending on prior power operating history
the low point of "the "dip" will have different values, but the charac-
teristic shape will always. exist. When the plant trips the steam
pressure will 1initially rise to the safety valve setpoint and then
quickly settle out at the post trip ‘turbine bypass valve setpoint and
steam temperature will fall from the superheated condition to
saturation temperature (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 abnormal
transients, especially those that are caused by secondary side over-
cooling. Small LOCAI's which depressurize the RCS "slowly" will not
show the characteristic. repres>surization upturn (unless they are very
small leaks or they are isolated). Individual parameters are shown
versus time to show the approximate time for stabilization. Since
stabilization takes a certain amount of tin;e 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 pressure, one of the immediate post trip
operator 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:
1. Hot and cold leg temperatures will stabilize in 2-3 minutes.

2. Reactor coolant pressure will stabilize in 5 to 6 minutes.

3. Tcold Will be nearly equal to saturated steam temperature
indicating that reactor coolant is transferring heat to the

‘ steam generators.

4., Steam pressure will stabilize 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 tranéients 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 accident can be covered up by the P-T
change caused by the cooling effects of the trip so the characteristics

that occur in the short time before trip can help identify the trend.

Operator action in response to a change from the normal position in the
P-T window may be possible{ and trip may be avoided, but usually trans-
ients will happen too fast for the operator agtions to be successful.
Nevertheless, some of the 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 Transient

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 transients which may occur
because of failures either on the primary or secondary side. These
examples show transients which end as expected and also go past the
expected point because of additional failures. Those transients which are
‘ corrected properly will follow the expected course and will end up in the
"post trip window'" near the normal post trip end point. When the path
goes outside the window, the transient is defined as 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 .
|
|
|

Q move toward more or less subcooling.

| These trends, overheating, overcooling, and loss of subcooling, are the
first indications to check in tramnsient diagnosis and correction. In the
case of overcooling, which can be maslk;ed 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 havé 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

- The trend may be caused by overheating or overcooling.
- The trend may be caused by loss of reactor coolant.

Subcooling will be lost for all except the very

smallest breaks. ‘

2. 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. If steam pressure
drops below this limit after trip, then an abnormal condition may

exist. A corresponding value of 542F has also been chosen for

saturated steam temperature. '

- Steam pressure may be low because of a failure in the
steam lines. Overcooling will result. Subcooling may
or may not be~los't.

— Steam pressure may be low because of a loss of all

feedwater. Overheating will result. Subcooling will

be lost. . ‘

DATE:

3-23-82 PAGE 49



BWNP-20007 (6-76)

BABCOCK & WILCOX

NUCLEAR POWER GENERATION DIVISION

‘ TECHNICAL DOCUMENT 76-1123298-00

NUMBER

- Steam pressure may be low because a large amount of reactor cool-
ant has been lost and cannot pass core heat to the feedwater in
the generator to create steam. Large LOCA's can cause this or an
Inadequate Core Cooling (ICC) situation can cause this. Both LOCA
and ICC are discussed in detail as separate topics later.

‘ - Steam pressure may be low due to excessive EFW (or MFW through the
upper nozzles). Overcooling will result and subcooling may be

lost.

3. Steam generator saturation temperature and Tcold do not correspond

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

‘ --When T.,14 does not change when Tg,4:-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 coolénﬂt may heat up. The reactor coolant
condition can be subcooled or saturated. If the reactor coolant

is superheated, natural circulation has been lost.

‘ The transients used as examples are:
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Figure 15 - Loss of Main Feedwater

Figur

15a)

15b)

e 16 -

16a)

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 looks similar to a normal reactor trip.

Shows Loss of Main Feedwater with EFW delayed. Important
features of 15b) ére: 1) loss of steam pressure, and 2) the
reactor coolant heats up and would eventually saturate at
2500 psi. This is an indication of lack of primary to

secondary heat transfer.

Small Steam Line Break

Shows an unisolable 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
overcooied‘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; 1t .allows the reactor coolant

to return to stable subcooled conditions.

DATE:

3-23-82

PAGE 71



BWNP-20007 (6-76)

BABCOCK & WILCOX

NUCLEAR POWER GENERATION DIVISION

. TECHNICAL DOCUMENT 76-1123298-00

NUMBER

~ 16b) Shows an unisolable break that is not terminated.
Continued feeding of FW and boil off causes extreme reactor
coolant overcooling. Since HPI is running the RCS might be

overpressurized at low temperature violating NDT limits.

. Figure 17 - Excessive Feedwater

- This transient 1is shown to be corrected by ICS operation and
looks similar to a normal trip. Were the tramsient to
continue, water could enter the steam lines and cause damage
but the amount of damage and its effects are not known. The

‘ . _ RCS would overcool to saturated conditions (i.e., drain the
pressurizer) by the time water entered the steam lines. An
example of a severe excessive feedwater transient (disre-
garding possible steam line damage) is given in Appendix A

of Volume 2.

Figure 18 - 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 1is saturated.

DATE: 3-23-82 ' PAGE 72




BWNP-20007 (6-76)

BABCOCK & WILCOX NUMBER

NUCLEAR POWER GENERATION DIVISION

TECHNICAL DOCUMENT 76-1123298-00 '

- 18a) Shows a LOCA 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 LOCA that is not isolated. Subcooling does not
return as quickly although the entire reactor coolant
system fills with water. Cooldown after this accident will ‘

be with a pressufizer full of water.
Figure 19 - Small Break LOCA in the RCS Loop Water Space

- This t_ransient 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 ccm;paring 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 flow to cover the core. 19b also
shows that steam pressure 1is lost because no steam

generator inventory exists to create steam.
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Figure 8 POWER OPERATION P-T DIAGRAM
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Reactor Coolant and Steam Outiet Pressure, psig

Figure 9 POST TRIP P-T DIAGRAM
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Figure 10

TYPICAL RESPONSE OF MAJOR PLANT
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Figure 11 OVERHEATING TRANSIENT (PRE-TRIP)
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Plot shows an increase in both Pressure and Thot- A slight increase in superheat
and steam pressure is also possible.

Possible Causes Possible Alarms

o Decrease in or loss of main feed- e High - RC Pressure

water

ICS malfunction causing steam

@ High - Pressurizer ]eve]

pressure increase (Turbine valves o Low - MFV Pump Flow
closing)

¢ Low - MFW Pump Suction
Pressure

e High Main Steam Temperature
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Figure 12 OVERCOOLING TRANSIENT (PRE-TRIP)
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Plot shows a decrease in both RC Pressure and T, ... A drop in super-

heat and SG pressure is also possible depending on the event.

Possible Causes ‘ Possible Alarms

¢ Excessive Feedwater e Low RC Pressure

o Decrease in Feedwater ¢ Low Pressurizer level
Temperature

e High Makeup Flow
8 Decrease in Steam Generator

Pressure (steam leaks) o High Steam Generator level
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Figure 13 OVERPRESSURE TRANSIENT (PRE-TRIP)
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Plot shows an increase in RC Pressure with 1ittle or no change in Thot -

Possible Causes

o Too much Makeup
. Insufficient Letdown

e Pressurizer Heater
Misoperation

Possible Alarms

High Reactor Coolant
Pressure

High Pressurizer Level

High Makeup Flow
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Figure 14 DEPRESSURIZATION TRANSIENT
(PRE-TRIP)
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Plot shows a decrease in RC Pressure with 1ittle or no change in Tyg¢-

Possible Causes Possible Alarms

o Loss of Makeup; too much letdown e Low RC Pressure

e Pressurizer Spray Misoperation o Low Pressurizer level

o Small LOCA e Makeup Pump Trip

o Llow Sea]IInjectiOn Flow

¢ High or low Makeup Tank
- Tlevel



Figure 15 LOSS OF MAIN FEEDWATER
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Reference Time
Points (Seconds)
) 0
1-2 0-5
2 5
2-3 5-20
3 20
3-4 20-30
4 30
4-5 30-120
5 120
5-6 120-500
6 500
6-7 7500
Figure 16b.
Reference Time
Points (Seconds)
1-4 0-30
4-5 30-250
5 250
5-6.. 250-500
6 >500

Remarks
SLB occurs (0.5 ft2 leak).

Increase of steam flow causes slight reduction in
Tay. ICS attempts to keep Tay up by pulling rods.

Reactor trip on high flux turbine trip.

RCS P&T drop due to loss of fission power and ex-
cessive primary to secondary heat transfer.

ES actuation on low 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
Tegs.

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.

MFI{ delivered to both generators (most of the flow
would go to the depressurized generator). RCS

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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Reactor Coolant and Steam Outiet Pressure, psig

2600

2400

2200

2000

1800

1600

1400

1200

1000

400

2600

2400

2200

2000

1800

1600

1400

1200

1000

800

600

400

Figure 16 SMALL STEAM LINE BREAK (0.5 FT2) ’
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Figure 17 EXCESSIVE FEEDWATER
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EXCESSIVE MAIN FEEDWATER ADDITION 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 MFW
pump controller allows pump overspeed. Excessive feedwater
addition begins.

1-2 0-60 S1light overcooling of RCS occurs due to excessive feedwater
addition. ICS pulls rods to compensate for reduction of Taye,
but rod withdrawal is limited by the high flux limiter.

? 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 run-
back and the MFW 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.
shutdown condition.

Primary system is left in a stable, hot



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
Tevel 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 throtties HPI
and restarts RCP's.

Operator stops HPI and restarts normal MU and letdown.

STABLE PLANT CONDITIONS.

Figure 18b. STUCK OPEN PORV (NO ISOLATION)

Reference 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

[ >1000

Remarks

Same as Figure 18a except PORY is not isolated, leak
continues and operator raises OTSG levels to 95%.

RCS is in two-phase natural circulation condition.
P&T conditions decrease along saturation Tine 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 18 SMALL LOCA IN PRESSURIZER
STEAM SPACE
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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.
EF

Reference Time
Points (Seconds}
1-4 0-120
4-5 120-1200
5 1200

5-6 >1200

0
W

Remarks

LOCA occurs; break is equivalent to 1.35 in OD 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 low. Because MU can't keep up
with leak, pressure drops.

Subcooling margin lost; operator trips RCP's and
starts HPI.

SG levels are automaticaily 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 liquid carry over to steam
generator and steam generator cannot remove. heat.

RCS repressurizes 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.

Boiler-condenser cooling established; RVS hot leg water level

is low 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.

FT2 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.
Pressurizer level is increasing. Steam pressure

will sTowly 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 boiler-condenser cooling is stargedt Tne
RCS P&T drops along saturation curve and will stabilize
at approximately 1200 psi. Pressurizer 1evg1 drops to
zero indication because of coolant contraction.
Operator should initiate a plant cooldown and depres-
surization to recover plant.
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Figure 19
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CHAPTER C

ABNORMAL TRANSIENT DIAGNOSIS AND MITIGATION

Introduction

The chapter shows how an abnormal transient can be diagnosed and mitigated
using the information provided by the P-T diagram and the concepts on heat
transfer discussed in the previous chapters. A simplified flow chart of
the approach to be used to diagnose and mitigate an abnormal transient is
provided in Figure 20A "General Plant Accident Mitigation'. It is broken
down into a few separate steps although these steps will '"blend" together
into one continuous process in actual practice. The Abnormal Transient
Guideline Procedures are implemented whenever an automatic reactor trip
occurs {although the operator may have manually tripped the reactor after

recognizing something was wrong) or a forced shutdown is necessary.

The guidelines are provided in Part I. They list the appropriate operator
actions necessary to mitigate an abnormal transient. They follow the
approach outlined in Figure 20A. The guidelines incorporate the following

features.

1. Use of the P-T diagram which provides a constant feedback to the
operator on his success or failure after taking each step in Part I.
This diagram should be checked frequently to make sure things are
progressing as expected. It will thus give the operator early
indications of subsequent failures that are delayed after the initial
event, or multiple failures that were covered by the predominant event

and didn't appear until that one was corrected.
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2. The guidelines are constructed such that the operator makes an at-

tempt to correct the problem with a given piece of equipment or system

(e.g., EFW to correct loss of main feedwater). If that fails he is

instructed to go on to the next available system (i.e., HPI cooling).
The failure of the EFW system is not given priority attention in the
body of Part I, protection of the core is.

3. The operator is given frequent '"present plant status" (PPS) aids

throughout the procedure to help him maintain proper orientation.
4, If new symptoms appear he is instructed to Trecycle (go to the sec-
tion that treats that symptom) to the appropriate part of the pro-

cedure.

Immediate Actions

The first block in Figure 20A is the "Immediate Actions" block. The
immediate actions should be completed in the first 2-3 minutes. The first

action to be made is to determine if a reactor trip has occurred or plant

conditions requiring a forced shutdown exist. If a reactor trip has
occurred the operator should manually trip the reactor and turbine, fhen
proceed to the next post trip step of the ATOG procedure which is '"Vital
Systems Status Verifications'". However, if plant conditiéns warrant a

forced shutdown, the operator ‘should initiate the appropriate shutdown
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should initiate the appropriate shutdown procedure. If a reactor trip
should occur during the forced shutdown operations, the posttrip ATOG

procedures should be implemented.

Vital Systems Status Verification

The next major block on Figure 20A is the Vital Systems Status Veri-
fications. This section requires reviewing specific plant status items
including the P-T diagram to determine if they are behaving as they should
for a normal reactor trip. If the specific plant status items cannot be |
verified as performing as expected, the operator should perform the
specified remedial actions. The procedures provide specific remedial
actions for each plant status item which cannot be verified. The plant
status items which are checked first are the normal automatic post trip
functions which control core reactivity, primary and secondary inventory,

and primary and secondary pressure.

During the performance of the immediate actions and status checks, certain

conditions require specified "standard" actions. These conditions are:
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® Reactor Trip
e ES Actuation
® Loss of grid power
These conditions can occur separately or in various combinations. The

actions to be taken are given in Table 2.

In addition, two transients reﬁuire a very fast check of indications and
fast 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 andAbegin cooldown to limit the offsite doses. Table 3 shows

the actions required for these transients.

Finally, the operator needs to check the P-T diagram for "overcooling",
"overheating", or '"loss ‘of subcooling" conditions. The P-T diagram is the
foundation for transient diagnosis and for the actions to correct abnormal

transients.

Abnormal Transient Diagnosis and Treatment

Although the type of transient may have become evident during the

*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.
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first 2 or 3 minutes after trip, plant monitoring is required to make sure
that the transient is going as expected. Generally, after 2 or 3 minutes
the plant will begin to stabilize within the "Post Trip Window" (examples
of this were given in the P-T Diagram Chapter). Actions have already been
taken to identify and handle the '"fast" transients and the systems which
should be operating have been checked to make sure that they are working
correctly. Further plant ﬁonitoring 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 diagram is kept under surveillance. If reactor coolant
pressure and temperature stabilize within the P-T post trip window, and
steam pressure 1s above the low steam pressuré ‘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

- Main or emergency feedwater flow rates and pump status

- RC pump operation including cooling water and seal
injection servicg

- Position of important valves (letdown, PORV, feedwater ‘
isolation and control valves, pressurizer spray valve)

- Contginment isolation and coolingl 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 Transient 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), of that steam pressure is below the steam
pressure limit, then something is wrong with heat transfer and cor-

rective actions are required to bring the heat transfer into balance. ‘
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RC pressure will decrease toward the saturation pressure causing a

"loss of subcooling margin".

The overcooling is caused by a temperature decrease on the secondary
side of the steam generators. Since the secondary steam is saturated
after reactor trip (no superheat) the steam pressure must also be
decreasing. Figure 20B shows' this decrease in secondary pressure and
temperature. The steam pressure must go below 960 psig after RC trip
for the RC temperature to go out of the post trip window on the low
temperature side. The steam pressure before RC trip would have been
around 900 psig but superheated. Followiqg turbine trip the steam
pressure will probably go up to the safety valve setpoint and then

decrease down to the turbine bypass valve setpoint.

The characteristics of an "overheating'" type transient are shown in
Figure 20C. ‘The figure shows the Tpot =- RC pressure trace.
Initially the RC pressure ‘and temperature decrease after a reactor
trip. However, as the primary to secondary heat transfer is lost the
RC average temperature increases. As the temperature increases the
RC expands causing the pressufizer level io increase and RC pressure
to go up. This pressure increase will continue until Stdpped by the
pressurizer PORV or safety valves opening. However, the RC tempera-
ture will continue to increase. This will lead to a "loss of subcool-

ing margin',
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Diagnosis

There are two general abnormal transient types:
e Excessive Primary to Secondary Heat Transfer - "overcooling'".

e Not enough Primary to Secondary Heat Transfer - "overheating".

A loss of reactor coolant subcooling margin can also occur and can be

combined with or caused by either "overheating" or '"overcooling".

The characteristics of an "overcooling" type transient are shown on a
P-T diagram in Figure 20B. The figure shows Tpor and T.,1q coming
together as the reactor coolant reaches an isothermal condition fol=-
lowing reactor trip because the reactor cooloant pumps are running.
If no RC pumps are running, Thoy and T.,1q Will not come together
because a temperature difference will develop across the core which
creates the thermal driving force for natural circulation of the

reactor coolant.

The excessive heat removal by the steam generators will cause the
average reactor coolapt temperature to go down. As the temperature
goes down the reactor coolant will contract causing the pressurizer
level to go down. If the effect cannot be offset by increased makeup
flow to the RCS the pressurizer level will go down which will cause

the RCS pressure to also go down. If the pressurizer empties, the
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Without heat being transferred to the secondary side, the secondary
side steam will gradually cool which will also cause the SG pressure

to decrease.

A direct '"loss of RC Subcooling' without a simultaneous "overcooling"
) @ | or "overheating'" caused by a secondary system malfunction is shown in
Figure 20D. This type -loss of subcooling margin would be caused by a
loss of RC inventory. This loss in inventory will cause the RC pres-
sure to fall but without the large decrease in RC temperature asso-

ciated with the '"overcooling" type transient.
Mitigation

The path for correction is charted and shown on Figure 21, '"Accident
Mitigation Approach'". The chart keys on the three general charac-
teristics displayed on the P-T 'd-iagram: overcooling (too much steam

generator heat transfer), overheating (insufficient steam generator

heat transfer), and loss of subcooling. The chart is a reference
table that ties together a wide variety of information for corrective
‘ actions. With the exception of LOCA, corrective actions for all

abnormal transients are provided in this section. LOCA is discussed
separately in considerable detail in Appendix F of these guidelines.
Specific information for mitigation of overcooling and overheating

transients are provided in Figures 22 and 23 respectively.
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Corrective Actions for Overcooling (too much steam generator heat

transfer)
Figure 22 shows the corrective actions to be taken for overcooling.
The chart is largely self-explanatory so only a brief discussion will

be given. Information provided by the chart will not be repeated.

Overcooling is always caused by failures on the secondary side. The
usual sources of failure are low steam pressure or excessive main or
emergency feedwater or by combinations of high feedwater and low
pressure. The P-T diagram shown is typical for a more severe case of
overcooling; usually excessive feedwater alone (unless severe and not
terminated within 2-4 minutes) or small reductions in steam pressure
will not cause loss of subcooling. But'the general trend shown by
the P-T diagram is characteristic 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 1is exhibited, checks should be made on steam
pressure, steam generator level, loop T.,]q temperatures, and main or
emergency feedwater flow. If the cause 1is obvious, then actions to

isolate the cause should be taken.

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

subcooling rule should be followed; two HPI pumps should be turned
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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 1is that a
LOCA may have occurred, and its P-T characteristics and overcooling

characteristics are similar.

Overcooling tran;ients‘ induced by steam pressure and/or feedwater
control failures on only one SG may be obvious when the T 4514
temperatures are compared. If the magnitude of the overcooling is
significant, T.,1q in the affected loop will always lead T.;1q in the
loop with the good SG (i.e., T.o]q 1in the affected loop will be

lower).

Detection of overcooling by 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 ailevel 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. 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
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"good" generator will not. Consequently the RCS temperature can fall
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
feedwater to both‘ generators is not dangerous. However, when one
steam éenerator boils dry, then the remaining generator will begin to
transfer heat and level will drop.l Feedwater must be restored before

it is dry.

The second (but less reliable) way to idéntify a leaking generator is
to compare the rate of drop of steam pressure in both generators.
The failed generator will éermit steam pfessure to fall faster than
the good generator will. A differential pressure between the two
- steam generators of about 100 psi, with the failed generator lower,
will show the correct one to isoiate. The 100 psi differential will
show up rapidly for large leéks and slower for small leaks. A steam
leak of about 5% total flow (about equal to one main steam safety
valve stuck open) will show this trend within 3 to 5 minutes.

However, this magnitude of pressure differential may exist only for a

short duration. Therefore, comparison of level changes’ in isolated

SG's is preferred, if the affected SG is not obvious. In very
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generators will leak. The plant should be temporarily placed in HPI

cooling with all feedwater stopped to see if repairs can be made. If

~ a rapid "running repair" cannot be made the feedwater flow should be
) throttled considerably to both generators and the plant should be
‘ | cooled down. This will be a very difficult operation. Thermal
: stress limits should be maintained. It is 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 over-
‘ : cooling diagnosis chart (Figure 22) and discussed in Appendix A.

Corrective actions for low feedwater temperature are also shown on

Figure 22.
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Corrective Actions for Overheating (not enough steam generator

heat transfer)
Figure 23 shows the corrective actions to take when the reactor
coolant cannot transfer heat to the steam generators. Reactor-to-
steam generator heat transfer is not coupled; T. and SG Tg,r do not
track tqgether. in general there are three causes of insufficient
heat transfer: ) '
e There is no inventory in the sfeam generator to receive
the heat (loss of all feedwater)
® The reactor coolant cannot transport the heat to the
generator because there is insufficient inventory (Loca)

e Circulation has stoppéd (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 expectéd since HPI will refill the s§stem
and natural circulatiqn“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 (fee&water restored) ‘and sub-
cooling should be restored (to ensure the best natural circulation).
Since loss of natural circulation heat transfer 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 feedwater was lost and whether
HPI was operating before it was lost. The P-T diagram illustrated
shows a total loss of alll feedwater immediately after reactor trip
‘ from full power, with HPI cooling started when the operator
recognized the loss of primary to.secondary heat transfer and loss of
all feedwater. Regardless of the path, the loss of all feedwater
from power operation will exhibit two clear characteristics on the
P-T diagram:

e After the normal post-trip cooldown the RCS will begin to reheat
and repressurize beyond the normal post-trip "window" (point 2

’ on Figure 23) as the SG's boil dry.
e Steam pressure and steam temperature will drop because there is

no feedwater.

The corrective 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 reached before the subcooling margin is lost.

This will result in losing primary inventory out of the PORV for
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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 (with the PORV open) 1is started under these
circumstances, all but one RC pump should be tripped. This will
reduce the heat load. One RC 'pump should continue to run as long as
possible to maintain forced core cc;oling. When the subcooling margin

is lost all the RC 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. éontrol of HPI flow to keep the minimum
subcooling margin is important to minimize reactor vessel thermal

shock. Thermal shock occurs when the reactor coolant is subcooled

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

into the downcomer and flow next to the hot reactor vessel wall.
Restart éf a reactor coolant pump will &hus help prevent brittle
fracture because it mixes the HPI water and the reactof coolant.
(See Figure 25 and the "Best Methods' chapter for a discussion of HPI

throttling and RC pump restart.)
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LOCA

The other condition in which heat transfer to the steam generators
can be interrupted is during a LOCA. LOCA is discussed in great
detail in Appendix F and will not be covered here in detail.
Ho‘:)ever, 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-
fer heat to the steam generators, some will not. The most signifi-
cant characteristic that shows poor heat transfer is an increase of
Thot &long the saturation line when a steam generator level exists.
. Thot 18 increasing because the reactor coolant is absorbing the core
heat and not passing it to the generators. T.g1q 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 is being absorbed. Figure 13 of

Appendix F (LOCA) shows these P-T characteristics.
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Figure 23 indicates that LOCA's can cause poor heat transfer and in-

cludes three references for supporting actions:

(1)

@

Table 4a shows how to distinguish LOCA's from other
transients.

Table 45 shows symptoms for LOCA's that can be located and
shows which equipment to use for isolation for those that
can be isolated).

Appendix F shows the corrective actions for LOCA's.

(3)
1
|
@
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Table 4a HOW TO DISTINGUISH LOCA'S FROM OTHER TRANSIENTS

Unique Characteristics of LOCA's

. Rapid system depressurization to saturated conditions with
little or no <change of reactor coolant temperature

. (characteristic of all but the very smallest breaks)

° Sustained saturation (HPI does not return the reactor to a
subcooled state within 5-10 minutes after actuation)

. Cont ainment radiation (only for breaks in contalinment)
NOTE: A steam or feed line leak inside containment will

———

cause high pressure, temperature and humidity but

will not cause high radiation.

‘ ® Steam pressure, feed flow and steam generator level do not
indicate overcooling (this helps to differentiate LOCA's
from overcooling transients)

° High steam line radiation alarms (tube leaks only)

.. e Low letdown storage tank level (in the absence of all of

the above, this indicates a leak outside the containment )

NOTE: LOCA's CAN BE DIFFICULT TO DETECT, ESPECIALLY IF THE BREAKS
ARE SMALL.. THEY CAN OCCUR INSIDE THE CONTAINMENT AND STEAM
GENERATOR TUBE LEAKS ARE LOCA'S. IF THERE IS ANY DOUBT

| THAT AN ACCIDENT IS A LOCA, ASSUME THAT IT IS AND TAKE

1 APPROPRIATE LOCA ACTIONS UNTIL CLEARLY PROVEN OTHERWISE.

‘ THE GENERAL ACTIONS INCLUDE HPI COOLING, RC PUMP TRIP, AND

COOLDOWN TO COLD CONDITIONS.
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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

‘ difficult.

Failure of pressurizer heaters (on) with no spray operation will

o i

cause the RC pressure to increase 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 quench
’ tank until the heaters are turned off. The normal makeup control
will continue to add reactor coolant until the letdown storage tank a

level is lost at which time the pressurizer level will begin to drop.

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 ca‘n result:

Quench Tank Failure

‘ Makeup Pump Failure on Loss 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 blocking 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.
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Figure 20A
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PLANT STATUS INDICATOR

1.

2.

3.

Turbine Trip and/or
Reactor Trip

ES Actuation

Loss of Offsite Power
(LooP)

QPERATOR ACTION REQUIRED

Verify that all control rods (except APSR's)
are on bottom; verify power decreasing.

Manually trip both the reactor and turbine.

If one or more control rods are not fully
inserted begin boration (at a later time a

“stuck rod may be driven in).

Isolate letdown bypass of block orifice (if
on high flow bleed cycle at time of trip).

Confirm that the HPI and LPI (<500 psig) are

started.
Verify that at least one train in each ECCS
is on (pump on). If not, try to start ECCS
manually.

Verify, by review of ECCS flow indication,
that flow exists in the injection lines.

Confirm containment.isolation (for high contain-

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.

Verify that at least one Keowee generator
starts and automatic loading is completed.
If the Keowee unit connected to the 13.8 KV
buss fails to start, manually transfer the
buss to the running Keowee unit.

Tabie 2 STANDARD POST-TRIP ACTIONS

BASIS FOR ACTION

After reactor or turbine trip, the operator should ensure that
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 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

h

-~

7

margin when the plant is stabilized or plant cooldown is required.

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" Tetdown.

when an ES actuation occurs, the operator should assure that at
least one train is operative (one pump on) and that flow is pre-
sent. At this point, HPI/LPI flow balancing is not required, but
can be done later.

Upon Toss of normal and standby power sources, the two 4160 volt
Engineered Safeguard buses are energized, powered by at least on
Keowee generator. Bus load shedding, bus transfer to the Keowee
generators, and pickup of critical loads is automatic. When a
loss of power occurs, the operator should ensure that at least
one Keowee generator starts and that loading is completed, and h
should try to start the other. (See ATOG Guidelines, Part II,
Section 2, "Loss of AC Power," for details about equipment which
is automatically loaded and for equipment which must be manually
started.)

e

e

|
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Table 3 ACTIONS TO CORRECT FAST TRANSIENTS

PLANT STATUS INDICATORS

OPERATOR ACTION REQUIRED

SYMPTOMS

BASIS FOR ACTION

1. Reactor Trip

2. Steam Line or
Condenser. Air
Ejector Radiation
Alarm

Note: Radiation
monitors may in-
dicate a tube
rupture prior to
reactor trip.

Immediately following reactor trip examine
SG Tevels for excessive feedwater.

o If SG level is "high" and MFW flow is
still on, stop further MFW addition.

o Allow SG level to decrease to appropriate
setpoint; then resume FW addition by

- manual control of MFW or
- EFW addition if MFW has been isolated.

Confirm radiation monitor reading supports
alarm; start an immediate cooldown and
depressurization of the RCS. The cooldown
should continue to cold shutdown.

High SG Level
High FW Flow

Excessive MFW is the addition of water to
the SG at a rate faster than it can be
bojled off. It can result in overcooling
of the RCS and water spillage into the
steam lines must be avoided. Overfill of
the SG can occur very rapidly because of
the large flow capacity of the MFW system;
this is especially true following a
reactor trip. Following a reactor trip
the operator should assure that MFW runs
back. If a FW flow remains high and SG
level is increasing, MFW should be control
led (trip pumps). Do not rely on automatic
MFW pump trip at high SG level. S
NOTE: Ensure EFW starts if MFWP's are
tripped and throttle EFW to prevent
overcooling.

Steam generator tube leaks or ruptures are
LOCA's which result in contamination of the
main steam system and offsite dose release.
To minimize the offsite dose release, a
complete cooldown and depressurization of
the RCS 1is required to reduce the primary
to secondary leakage and to prevent —
unnecessary discharge to the atmosphere
through the steam generators. Since this
is 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 Tower RC
pressure to stop the leak.
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. ' Figure 21 ACCIDENT MITIGATION APPROACH .
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CORRECTIVE ACTIONS FOR
LOW MAIN FEEDWATER
TEMPERATURE

DURING NORMAL OPERATION LOW VAIN FEEDWATER TEMPERATURE, WHICH OCCURS BECAUSE
OF PARTIAL LOSS OF STEAM HEATING TO THE FEEDNATER HEATERS WILL BE HANOLED 8Y
THE ICS. NO SAFETY PROBLEMS ARE EXPECTED. HOWEVER, IF EXCESSIVE FEEOWATER
HAPPENS (ESPECIALLY TD BOTH STEAM GENERATORS) THE HEATING SURFACE OF THE
GENERATOR WHICH CONVERTS WATER TO STEAM WILL BE COVERED WITH WATER.

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

THE ACTIONS TO PREVENT COLD FEEOWATER FROM ENTERING THE GENERATOR ARE THE
SAME AS THOSE FOR PREVENTING A HIGH STEAM GENERATOR LEVEL.

CORRECTIVE ACTIONS FOR
HGH STEAM GENERATOR LEVEL

IS GENERATOR LEVEL HIGH IN

ONE OR 83TH GENERATORS?
SEE NOTE

i

IF MAIN FEED
FLO% RATE HIGH

wm |

ISOLATE MAIN FEED PLOW
SEE “BEST METHOOS"

NO

i

DDES LEVEL INCREASE STOP?

8 | S

IS EF¥ FLOW HIGH?

L]

CONDITION |

STEAM PRESSURE CLEARLY LOW
IN ONE' STEAM GENERATOR

!

MANUALLY CLOSE TBV's AND
ISOLATE ALL JTHER STEAM
EXTRACTION LINES ON AFFECTED
$G. IS STEAM PRESSURE
RESTORED?

N YES

CORRECTIVE ACTIONS FOR LOW STEAM PRESSURE

_Q

!

ARE RC PUMPS ON OR DFF?

IF MAIN FEED IS STOPPED 1D
BIOTH GENERATORS, MAKE SURE
EFW COMES ON BEFORE
GENERATIRS BOIL ORY

UNISOLABLE STEAM LEAK,
ISOLATE MFw & EFw TO
AFFECTED SG &ND ALLOW IT TO
BOIL DRY. DO NJT STOP ALL
F¥ TO BOTH 5G's, DOES
OVERCOOLING STOP?

STEAM LEAK ISOLATED

0JES OVERCODLING STOP?

' w | ves

~0 IS

i

1

L

THROTTLE EFW TO STOP OVER- Y| IS LEVEL HIGHER THAN
1 F FLOW RATE 0OES 3 CORRECT SETPDINT? PUT PLANT IN
COOLING. | IF FLOK RATE OO S A STABLE CONGITION
NOT RESPOND THEN STOP EFW o
BY CLOSING SEPARATE
ISOLATION VALVE. AVIID L
ALLOWING GENERATORS TO BOIL
DRY AFTER STOPPING EFW
‘E' DOES SUBCOOLING  {N
s EXIST? 2 —l
Y
‘ 15 HPT ON? €
Y s
DOES OVERCOOLING STOP? | € o
% !
PUT PLANT IN TURN HPT ON

A STABLE CONDITION

TWD REASONS FOR CONTINUED
COOLING:
1) FW FLON TO "GDOD* SG MAY
BE CONDENSING STEAM.
HROTTLE FW FLOW,
HPT AND RCS INVENTORY.
2) TUBE LEAKS INTO “BAD" SG
MAY BE BOILING AND THUS
COOLING RCS. IF TUBE

LEAKS APPEAR BEGIN RCS
DEPRESSURIZATION |

FW FLOW MAY BE CONDENSING
STEAM. THROTTLE FN FLOW
CONTROL HPI AND RCS
INVENTORY

CONDITION 2

STEAM PRESSURE LOW AND ABOUT EQUAL
IN BOTH STEAM GENERATORS

MANUALLY CLOSE TBV's ON BOTH SG's. ISOLATE ALL
FEEDWATER TO BOTH SG's AND COMMON STEAM
EXTRACTION LINES (MS-82 AND -84 FOR EFWPT:

W5.24 AND -33 FOR AUXILIARY STEAM). WONITOR SG
LEVELS ANO PRESSURES- SG WITH DECREASING LEVEL
AND/OR LOWEST PRESSURE IS THE LEAKING ("BAD") SG.
15 LEVEL/PRESSURE STABLE IN ONE DR BOTH SG's?

ONE | BITH [ NETTHER

ISOLATE ALL OTHER STEAM
EXTRACTION LINES ON "BAD"
S$G. RESTORE FW AND TBV
OPERATION ON “GOOD* SG.
DOES LEVEL/PRESSURE
STABILIZE IN "BAD" SG?7

[ w1 v ]

£o\

NO STEAM PRESSURE

LOSs

STEAM LEAK IN COMMON
EXTRACTION LINE (THS,AS,OR
EFWPT SUPPLY). RESTORE MFW
TO BOTH 5G's AND CAREFULLY
RESTORE MANUAL TBV CONTROL
ON BOTH SG's, ATTEMPT TO
LDCATE AND LOCALLY ISOLATE

LEAX,

ISOLATE ALL OTHER STEAM
EXTRACTION LINES ON BOTH
S6's. MONITOR SG LEVELS
AND PRESSUES. IT IS UN-
LIKELY THAT BOTH SG's. ARE
STILL LOSING LEVEL AND
PRESSURE BUT IT IS POSSIBLE,
IS LEVEL/PRESSURE STABLE IN
O OR BOTH STEAM
GENERATORS?

M| B0TH | NEITHER

NOTE: BOTH MFW PUMPS SHOULD TRIP AUTOMATICALLY ON HIGH LEVEL
IN ONE OR BOTH STEAM GENERATORS.
CAN BE A VERY RAPIO TRANSIENT WITH POTENTIALLY SEVERE
CONSEQUENCES. THEREFDRE THE OPERATOR SHOULD ACT T2
TERVINATE MF¥ RATHER THAN RELY DN THIS TRIP FEATURE.

HONEVER, RUNANAY WF#

LocA.

IF STEAM PRESSURE IS LOWER
THAN ¥JULD BE EXPECTED
BECAUSE OF EFN STEAM
CONDENSATION, CHECK FOR
STEAM LEAKS, IF SUSCOOLING
DOES NOT RETURN AFTER HPIL
HAS TIME T3 ACT, CHECK FOR

CONTINUES, CHECK FOR STEAM
GENERATOR TUSE LEAKS.
CHECK MAIN F/n TEWP.

IF LEVEL INCREASE

—

RESTORE MFW AND TBY

OPERATION 70 BOTH SG's.

ATTEWPT TO LOCATE AND
LOCALLY ISOLATE LEAK

]

PUT PLANT IN STABLE
CONDITION

RESTORE MFW AND TBV
OPERATION ON "GOOD"
SG.

AT LIMITS.

IF LEAK CANNOT BE FOUND OR ISOLATED TO
ONE STEAM GENERATOR, THEN ESTABLISH
RESTRICTED FW FLOM TO BOTH SG's TO LIMIT
COOLDOWN RATE.
DEPRESSURIZE RCS. * MAINTAIN SUBCODLING AND
RC PUMP IN PRESSURIZER SPRAY LDOP, MAIN-
TAIN COOLDOWN WITHIN NOT AND TUBE/SHELL

PROCEED WITH CDOLDOWN AND

CONDITION 3 (SPECIAL CASE)

SYALL STEAM LEAK THAT DOES
NOT REDUCE STEAM PRESSURE
(P TO 3% OF TOTAL FLOW)

!

Figure 22 OVERCOOLING DIAGNOSIS CHART

SYMPTOMS - VISUAL CBSERVATION
- FEED FLOW TO GENERATED MEGAWATT MISMATCH
- REQUCTION OF HOTWELL LEVEL
- REDUCTION OF CONOENSATE STORAGE TANK LEVEL
EFFECTS - NG RCS TEMPERATURE MISMATCH BECAUSE ICS WILL CORRECT Tay
NO ONVERCOOLING -
- LOSS OR DRAINAGE OF HOTWELL (AND CONDENSATE STORAGE TANK
WHICH IS USED FOR AUTOMATIC MAKEUP) IF LEAK IS TO
ATMOSPHERE. TIME FRAME IS 2 TO 3 HOURS OEPENDING ON LEAK
RATE. ORAINAGE WILL RESULT IN LOSS OF MAIN FEEDWATER
SUCTION AND TRIP OF MAIN FEEDWATER PUMPS. AUTOMATIC
INITIATION OF EFW, BUT UPPER STORAGE TANKS AND CONDENSATE
STORAGE TANKS MAY BE LON OR EMPTY.
- IF LEAK IS TO CONTAINMENT, THE PRESSURE AND TEMPERATURE
MAY INCREASE SLIGHTLY.
ACTIONS - A) FIND THE LEAK AND ISOLATE IT. IF NOT ABLE TO ISOLATE

IT, THE RCS SHOULD BE DEPRESSURIZED AND COOLED DOWN.

B) CAREFULLY MONITOR CONDENSATE TAMK-LEVEL AND BE
PREPARED 70 ENGAGE SERVICE WATER SYSTEM FOR EFW
WATER SOURCE. THIS REQUIRES MANUAL REPOSITIONING OF

VALVES

PRECAUTION - ALTHOUGH A LOT OF THE EXISTS TO PERFORM ACTIONS,

THIS LEAK IS DIFFICULT TO DETECT AND MAY NOT BE NOTED
FOR SOME TIME. OEPLETION OF THE GOCD QUALITY WATER
SUPPLIES IS POSSIBLE. THE SERVICE WATER BACKUP
SUPPLIES ARE LOW QUALITY: IF VHEY ARE USED STEAM
GENERATOR CLEANING MAY BE REQUIRED BEFORE RETURNING
THE PLANT TO OPERATION.

Reactor Contant ang Steam Outlet Pressure, psie
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- IF STEAM PRESSURE IS LOW, ISOLATE FEED AND STEAM LINES, IF THAT DOES NOT WORK STOP FEEDWATER
- IF LEVEL IS HIGH, CHECK MAIN AND EFW FEED FLOWS - STOP FEEDING HIGH LEVEL GENERATOR
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AN

- STEAM LEAKS TO CONTAINMENT CAN (WITH TIME) CAUSE CONTAINMENT OVERPRESSURE; MAKE SURE
CONTAINMENT COOLERS ARE WORKING; IF POSSIBLE AVOID CONTAINMENT SPRAYS; IF NG RADIATION
EXISTS VENT THE CONTAINMENT.-
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Figure 23 OVERHEATING DIAGNOSIS CHART

OVERHEATING GCCURS 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). SINCE THE STEAM GENERATOR CANNOT REMOVE HEAT, STEAM PRESSURE AND Tgar SG
WILL DECREASE. GENERALLY ONLY TWO CONDITIONS WiLL PERMIT OVERHEATING; LOCA's AND LOSS
OF ALL FEEDWATER.

SEE FIGURE F-13, APPENDIX F, "LOCA" [N PART 1-2
"DISCUSSION OF SELECTED TRANSIENTS"

TRIP ALL RC PUMPS ON LOSS OF
SUBCOOL!NG MARGIN

FOR:
: A - P-T DIAGRAM CHARACTERIST!ICS
OTHER REFERENCES: B - CORRECTIVE ACTIONS

SEE "BEST METHODS FOR EQUIPMENT
OPERATION" FOR HP1 COOLING AND
RC PUMP TRIP

SEE TABLE 4A "HOW TO DIFFERENTIATE A LOCA
FROM OTHER TRANSIENTS"

SATURATED COND!TiONS WiLL EXiST UNTIL
FEEOWATER 1S RESTORED OR HPi FLOW
MATCHES DECAY HEAT (HOURS)

SUBCOOL /NG MARGIN RESTORED BY HPI
COOLING, HPI MUST BE THROTTLED TO
PREVENT NDT PROBLEMS

SEE TABLE 4B "SYMPTOMS FOR LOCA's THAT CAN BE
LOCATED OR |SOLATED™

ONE RC PUMP SHOULD BE RESTARTED WHEN
SUBCOOLING MARGIN 1S REGAINED. A
MOMENTARY LOSS OF SUBCOOLING MARGIN NAY
0CCUR ON RESTART

OTHER FEFERENCES:
SEE "BEST METHODS FOR EQU!PMENT]
OPERATION" FOR HP1 THROTTLING
AND RC PUMP RESTART

¢




Table 4B SYMPTOMS FOR LOCAs THAT CAN BE LOCATED OR
}SOLATED

THIS CHART WILL AID IN LOCATING SOME BREAKS; ALL BREAKS CANNOT BE LOCATED. SOME BREAKS WHICH CAN BE LOCATED CAN ALSO BE
ISOLATED AND THE LOCA CAN BE STOPPED. IT MAY BE DIFFICULT TO DISTINGUISH SMALL STEAM LINE LEAKS INSIDE CONTAINMENT
FROM LOCA'S; BUILDING ENVIRONMENT WILL CHANGE FOR BOTH AND THE STEAM PRESSURE WILL NOT ALWAYS BE LOW. HOWEVER, A LOCA

WILL CHANGE BUILDING RADIATION LEVELS.

- SYMPTOMS FOR LOCA'S THAT CAN BE ISOLATED

SYMPTOMS FOR LOCA'S THAT CANNOT BE ISOLATED

(Symptoms or alarms most 1ikely to show location are underlined)

FAILURE LOCATING SYMPTOMS ISOLATING HARDWARE
Makeup and - Low letdown storage tank Letdown valve 1)
purification level upstream of
system outside - High component cooling coolers
containment and water surge tank level
letdown coalers (for breaks in letdown

cooler)

- Local sump levels,
radiation alarms

- High CC discharge tempera-
ture from letdown coolers

Seal return - Low letdown storage tank Seal return**1)
line and seal level isolation valve
return cooler - High RCW radiation

outside contain- - High RCW surge tank level

ment (for breaks in seal return

(1ocal)
Pressurizer - Flow Monitor Alarm PORV isolation valve
electromatic - High quench tank Tevel
relief valve .- High quench tank temp-

erature

Makeup-letdown

imbalance (

not & break, but is
a loss of coolant)

flow
Decay heat removal - High or low decay heat Decay heat letdown**
line break outside removal flow drop line valve

containment

cooler)
- Local sump Tevels,
radiation alarms
- High seal return flow
- High RCW seal return cooler
discharge temperature

(These will only be good
when the quench tank
rupture disk is good)

this is level valve
Bleed holdup tank level

Makeup flow rate (+) seal

injection flow (-) letdown

(decay heat -Low pump suction press.

removal system in ~ Local sump and Tocal

operation-pl
cooled down)

ant is radiation alarms

Decay heat cooler - High LPSW temperatdre at Cooler isolation
tube leak (decay DH cooTer outlet. valves

heat removal

Sys.

in operation- plant
is cooled down)

High Tetdown storage tank Letdown control**1)

(Symptoms or alarms most 1ikely to show location are underlined)

FAILURE LOCATING SYMPTOMS

Steam Generator Tube(s) - High steam line radiation
- High steam generator Tevel
- High condenser radiation

Pressurizer Safety Vaives _- 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)
lines
(High flow will be through broken
line)

RC Pump Seal Failure - High seal return temperature (~350°R)

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

RCS Instrumentation Lines

- Pressurizer Level - False low level reading
- Pressures - False low pressure
- RC Flow - False high or Tow flow compared with

known pump operation

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

2) Inadequate Core Cooling Guidelines for Toss of decay
heat removal should be implemented.

3) Break cannot be isolated to prevent either loss of reactor
coolant or loss of injection water, but the orifice wi]]
1imit the HPI flow out the break. Balancing the two main
injection lines for maximum flow, which is done after any
HPI actuation, will ensure adequate pumped flow enters the
core. It should be noted that with three HPI pumps started
automatically, Train A flow will be 40-50% higher than
Train B flow regardless of RCS pressure.
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CHAPTER 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 familiar with.
However, if heat transfer via the‘usteam generators 1is lost other
means of core cooling are available. This section will discuss these
backup cooling methods and explain their uses 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 occur
because of multiple equipment failures or operator error. If primary
to secondary heat removal is lost because of the loss of feedwater,
the 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.

DATE:

3-23-82 PAGE 95



BABCOCK & WILCOX

NUCLEAR POWER GENERATION DIVISION

BWNP-20007 (6-76)

NUMBER

.‘ECHNICAL DOCUMENT 76-1123298-00

A total loss of all feedwater is illustrated in Figure 24a and is

discussed below:

With the plant at power, a loss of main feedwater would
result in a reactor trip (anticipatory trip on loss of MFW
or RPS actuation on high RCS pressure). A loss of all FW
could also oécur during hot shutdown or plant

heatup/cooldown.

. If 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.

Subcooling will decrease and the reactor coolant will

expand into the pressurizer.

NOTE: The rate at which the above occurs will depend upon
the initial inventory in the steam generators and
the core decay heat 1level. 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.




BWNP-20007 (6-76)

BABCOCK & WILCOX NUMBER

NUCLEAR POWER GENERATION DIVISION

'TECHNICAL DOCUMENT 76-1123298-00

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.

5. The reactor coolant 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 containment and

core damage will result.

To avoid these consequences the operator should make every attempt to
regain feedwater to at least one steam generator. This includes main
feedwater, emergency feedwater, condensate and booster pumps (if
steam generator pressure 1is low enough) or service water. If
feedwater cannot be regained after primary to secondary heat trans-
‘ fer is lost, he should manually start two HPI pumps and open and
leave open the PORV. HPI flow should be balanced to give the maxi-

mum flow possible.

The event can be recognized by observation of generator level and
equipment status checks or through use of the P-T diagram. Figure
24b illustrates the P-T response of the RCs after a loss of main
‘ feedwater from 100% power with no EFW and appropriate operator

action.
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When HPI is started the RCS will eventually go to a water solid

condition (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. The time to become water solid depends on the
‘ core decay heat level and the number of HPI pumps. If core decay
heat is high, the reactor 'cooltant will saturate and its pressure will
rise along the saturation curve (points 5-6 and Figure 24b). The
running RCP should be tripped when subcooling margin is lost. The
water inventory in the RCS will drop because of core boiling and
relief out the PORV, until the amount of water added by HPI can take
away all theA 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 capacity of the HPI water can take out all the decay
heat, HPI is said to "match" decay heat. When HPI matches decay heat
the liquid inveﬁtor.y in the RCS will stabilize. As HPI heat removal
capws:lcity begins to exceed decay heat generation, RCS inventofy will
start to increase, steam will be condensed and the system will slowly
go to a water-solid (subcooled) state (poin_ts 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 feeedwater is restored.
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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 ome HPI pump to match decay heat -

is much longer than two pumps. The time to match 1007 decay heat
i . level with one HPI pump is approximately 70 minutes and approximately
| 4

8 minutes with two HPI pumps.

When subcooled conditions (based on both incore thermocouples and hot
leg RTD's) are reached, the operator should start one reactor coolant
pump and throttle HPI flow to maintain the reactor coolant subcooled
but within équipment design limits such as the brittle fracture limit

‘ of Figure 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:

DATE : 3“23—82 PAGE 99
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‘/

1.

High RC pressure may occur causing the pressurizer relief
and safety valves to 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).

Long-term operation (subcooled solid water operation) must
be closely monitored to prevent exceeding equipment design

limits (NDT and RV Brittle Fracture).

The degraded containment environment may cause failure or

bad readings of instrumentation.

Consequently, secondary cooling should be restored as quickly as

possible so that normal primary to secondary heat transfer can be

resumed .

DATE :
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Restoration of Natural Circulation

When RC pumps are off, heat is removed from the reactor core by
natural circulation as discussed in Addendum B. Some abnormal tran-
sients can lead to a loss of natural circulation but methods exist to
restore it if it is lost. The intent of this section is to high-
light the recovery measures and to give an understanding of why
certain actions are recommended 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 flow to the

steam generator (i.e., not enough reactor coolant).

The previous section addressed system operation when natural circula-
tion is lost due to insufficient feedwater (Reason 1). The only way
to recover natural circulation under that condition is to restore
feedwater. Void formation (Reason 2) is more complicated because the

reactor coolant system can operate differently depending on what

DATE:
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has happened. The two principle events which lead to void formation

are overcooling transients and loss of coolant accidents. For these

transients, voids are formed in the following manner:

. Overcooling: Too much primary to secondary heat transfer causes a

LOCA:

drop of RCS temperature which causes a contraction of
fluid invenfory,‘ a decrease in reactor <coolant pres-
sure, and a loss of _pressurizer liquid. Some of the
steam in the pressurizer flows into the RC piping and
collects in the hot legs. Because the RC pressure
drops, some of the reactor coolant may flash and cause

void formation in the hot legs.

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 inQentory and also because of flashing of the reac-
tor coolant~as RC pressure drops. The RC temperature does

not drop as much as it would for an overcooling event.

Figure 26 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 water
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to the RCS to refill it. If HPI flow 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 size has a direct effect on primary
to secondary heat transfer. If 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 tubes and the

steam generators can still remove a large amount of decay heat. This

is a boiling mode of natural circulation (boiler~condenser cooling)

and is illustrgted in Figure 27. Boiler-condemser cooling 1is an

‘ ‘expected small break LOCA condition. If the steam bubble is smaller
and steam cannot be condensed in the steam generator tubes (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 transient 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

3. A total loss of feedwater, where EFW is restarted after the RCS

is in a highly voided condition and the HPI is refilling the

. RCS.
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Figure 27 shows boiler-condenser cooling (boiling in the reactor
vessel and condensing in the steam generator tubes) with a saturated
hot leg and RCS pressure near the steam generator pressure. For this
condition, it is important to ensure that 1) SG level is at 95% on
the operating range (to allow the condensed reactor coolant to flow
over the cold leg pump elevation and into the core) and, 2) HPI is onm
at a high capacity (two p@ps). A check of containment pressure and
temperature conditions should also be made to see if the cause is a
LOCA. 1If LOCA conditions are indicated, an immediate plant cooldown
at design rates (100F/hr) sho;xld be inititated. The P-T diagram

should be monitored to see if subcooled natural circulation returns

or boiler-condenser cooling 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 tube
regH]—'.on) the RCS will repressurize. This mode of operation will be
indicated (see Figure 28) by saturated hot leg conditions with
Reactor Coolant pressure above the steam generator pressure (SG
pressure n;ay be dropping due to lack of primary to secondary heat
transfer). As indicated in Figure 28 the same actions identified for
boiler-condenser cooling apply to this operating mode. 1In 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 steam generator rises. In some
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cases (i.e., low decay heat with all HPI pumps on) subcooling 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. Figure 28 shows
the actions to take to restart natural circulation if the steam
generator can be used as a heat sink and the RC pumps are available
for restart (see the RC pump restart guidelines in the "Best Methods
for Equipment Operation" section). If the RC pumps ére available,
pump bumps (short run times of 10 seconds duration) are allowed.
This momentary use of forced circulation tries to force reactor
coolant steam condensation by mixing it with 1liquid reactor coolant
and by moving the steam into the generator tubes where it can
condense. Use of the PORV to limit RCS pressure rise and to increase
HPI flow 1is also allowed (separate or in conjunction with RCP
operation). To be effective the steam generator must be a heat sink;
the steam generator saturation temperature selected 1is 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 a 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 natural circulation does not start
the RCS will repressurize and another bump can be used about 15

minutes later (see the pump restart guidelines).
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Finally, a LOCA of a certain size could depressurize the RCS below
steam generator pressure before it settles to an equilibrium with
HPI (HPI will automatically 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) until the
saturation temperature on the secondary side is 50F below the pri-
mary saturation temperature. This will ensure the steam generators
are heat sinks. Other actions are the same as discussed above for

boiler-condenser cooling (Figure 27).

|

|

|
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Inadequate Core Cooling (ICC)

The first objective of the operator during any abnormal transient 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 is covered. If the reactor coolant
becomes superheated, the core has been uncovered and is not being
adequately cooled; that is, decay heat is not 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 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.

DATE:

3-23-82 PAGE 107



BWNP-20007 (6-76)

BABCOCK & WILCOX NUMBER

NUCLEAR POWER GENERATION DIVISION

'_Ecmucu DOCUMENT 76-1123298-00

4. During a small break, tripping the RC pumps 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

inadequate.

allow the operator to identify when core cooling is

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

the accident.

C 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 is indicated when the reactor coolant pressure and temperature
(Thot RID or incore thermocouples) enter the superheat region. This
condition can occur with and without forced circulatioﬁ. If the RC
‘ pumps are operating superheated conditions imply that the reactor

coolant is nearly all steam (see Figure 24a-Time IV). That is, the
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liquid in the RCS has been lost, due to a leak in the primary system
or boiled off out the safety valve (assuming the PORV is isolated) 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 pumps are off, core cooling is accomplished by keeping
the core covered with a steam-water mixture. If not enough cooling
water (HPI) is supplied to make up for losses, the core will become
uncovered and the 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 RC is not circulating). These
indicators can also be used to estimate how bad the situation is.
Analyses have been performed which show the relationship between core
?cit steam temperature and fuel cladding temperature for various RC

pressures (see Figure 29). This figure gives the following

‘ information:

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

not bad enough to cause core damage.

. PAGE
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2.

If the RCS P&T conditions reach or exceed Curve 1 on Figure 29,
the cladding temperature 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 reaction between the cladding and the water at high
temperatures also 6ccurs and will add heat to the fuel rods
increasing the chancés of fuel failure. The clad-water reac-
tion also causes free hydrogen formation which collects in the
reactor loops and may escape to the building. The accumulation
of hydrogen in the RCS caﬁ also block natural circulation when

water ig added to the RCS.

If RCS P&T conditions reach or exceed Curve 2 of Figure 29, the
cladding temperatures in the high power regions of the 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. Extreme measures are war-

ranted to prevent major core damage.

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

The general strategy during ICC as follows:

DATE :
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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
not be actuated automatically since RCS pressure does not
. decrease.
. FW to at least one steam generator with level at 95% on
operating range level instrumentation.
2. Start any backup equipment to correct for problems found in
vital equipment check.

® Start standby MU/HPI pumps.

° Take suction from any available borated water source.
' ° Start MFW if EFW is not operating.
o Start any backup pumps which can supply water to the steam

generator if MFW and EFW are not operating.

3. Minimize the consequences of the event if conditions degrade.
° Start an RC pump to circulate primary system fluid (water
or steam) through core. This action will make available
‘ water trapped in the lower region of the reactor vessel and
the loops for core cooling (see Figure 24a - TIME IV) and

provide improved heat transfer due to forced convection
which will provide additional time to restore emergency

injection.
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° Attempt to decrease RC pressure by opening the PORV and
high point vents in order to increase the rate of available
high pressure injection.

° If secondary cooling is available, decrease primary
pressure - by decreasing SG pressure. This action is
directed at making the core flood tanks and LPI system

available to restore core cooling.

In general, the ICC strategy depends on operator action to locate and
correct the cause of low RCS iﬂventory or to take alternate actions
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 example, an emergency cooldown/depressuri-
zation of the system may impose high thermal stresses on the SG
internals; this~ action can be shown to be acceptable but it
challenges the design to its limit. A second example would be the
restart of one of more RC pumps. This action carries some risk be-
cause later on a pump trip may leave the RCS with less water than
before. These risks are small compared to those which could happen
with extensive core damage. Because the severity of the ICC condi-
tion 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 consequences if the action is not taken. These actions are
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outlined below and are based on where the RC pressure-incore
thermocouple temperature (P-T/C) combination corresponds to the

curves of Figure 29.

. If the P-T/C combination is between the saturation curve and Curve 1

superheated conditions exist and the operator should:

Verify emergency cooling water is being injected through all HPI

nozzles into the RCS,
2. Initiate any additional sources of cooling water available such
as the standby makeup pump,
. 3. Verify the steam generator level is being maintained at the
emergency level,
4, If steam generator level is not at 95% of operating range, raise
level to the 95% level,
5. If the desired steam generator level cannot be achieved, actuate
any additional available sources of feedwater.
6. Establish 100F/hr. cooldown of RCS via steam generator pressure
’ control until secondary steam saturation temperature is 100F
below the incore thermocouple temperature.
7 Open core flooding line isolation valves if previously isolated.
8. If RC pressﬁre increases 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.

DATE: -93a PAGE
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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 genera-
tion. The alignment of other sources of cooling water is the

recognition that the injection of the HPI system alone 1is not

I sufficient to exceed core boil off.

If the P-T/C combination is between Curve 1 and Curve 2 of Figure 29,

the operator should do the following:

Start one RC pump in éach loop; do not defeat RC pump
interlopks.
Depressurize the steam generator as rapidly as possible to 400
psig or as far as necessary to achieve a 100F decrease in se-
condary saturation temperafure, but not below the steam pres-—
sure necessary for EFW pump turbine to deliver EFW.
Immediately.continue the plant cooldown by maintaining a 100/hr
cooldown rate unfil the secondary saturation Femperature is low
enough to achieve a 150 psig RC pressure.
Open the power operated relief valve (PORV), as necessary, to
relieve RCS pressure and vent non-condensible gases.
Open all high point vents to aid RCS depressurization and refill
until the RCS is 50F subcooled or RCS pressure decreases to 150
psig.

The operator action in starting the RC pumps will provide forced flow

core cooling and will reduce the fuel cladding temperatures.
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The rapid depressurization of the steam pressures will help to
depressurize the primary system to the point where the core flood
tanks will actuate. Stopping the depressurization at 400 psig (or as
far as necsessary to achieve a reduction in secondary saturation
' temperature of 100F) will maintain the OTSG tube to shell tempera-
ture difference within the design limit. The continued cooldown to
150 psig will reduce the primary system pressure to the point where
the Low Pressure Injection System can supply cooling. The opening of
the PORV and high point vents will also help to depressurize the
Primary system. The PORV should be closed when the primary pressure
is within 50 psi of the secondary 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 the loss of water from the primary system
through the PORV. The high point vents should not be closed until

the RCS is 50F subcooled or RCS pressure decreases to 150 psig.

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
low pressure while ensuring sufficient steam pressure remains in
the steam generators to operate the turbine drive EFW pump. (If
the turbine driven EFW pump is being supplied with steam from
another unit or the auxiliary boiler, then depressurize the

steam generators to as low a pressure as possible.)
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2. Start the remaining RC pumps. Defeat starting interlocks; do
not defeat the overload trip circuit.

3. Open the PORV and leave it open.

. 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, significant core damage may have occurred
which will add significant radioactive contaminants to the reactor

coolant.

Special cooldown precautions need to be followed to contain these

contaminants. These include isolating the DH rooms.
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LOSS OF FEEDWATER
REALTOR TRIP ON HIGH RCS PRESSURE (OR ANTICIPATORY TRIP).

PRESSURIZER LEVEL DECREASES (NORMAL RESPONSE FOLLOWING A
REACTOR TRIP) THEN INCREASES BECAUSE OF MU ADDITION AND
REHEAT 'OF REACTOR COOLANT.

SECONDARY StDE 60ILS DRY.
EFW DOES NOT START.

RC PRESSURE SHOWS NORMAL POST TRIP RESPONSE THEN INCREASES
AS PRESSURIZER LEVEL {S RESTORED.
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TIME 1V (RC PUMPS ON)

END CONDITION FOR TOTAL LOSS OF FW WITHOUT HPI
ACTUATION. SYSTEM WOULD COMPLETELY YOID (STEAM

ONLY IN RCS). CORE TEMPERATURE WILL INCREASE AND
CAUSE SUPERHEATED STEAM TO FORM. INADEQUATE CORE
COOLING CONDITIONS EXIST.

TIME 11

RC HEATS UP DUE TG LOSS OF SECONDARY HEAT SINK AND EXPANDS INTO
PRESSURIZER.

RC PRESSURE INCREASES TO PORYV SETPOINT. PRESSURIZER STEAM IS
EJECTED OUT OF PORY.

PRIMARY SYSTEM GOES WATER SOLID (STILL SUBCOOLED) AT 2500 PSIG.
CONTINUED HEATUP OF REACTOR COOLANT CAUSES WATER RELIEF OUT OF
PORV OR SAFETY YALVES.

RC TEMPERATURE 1S SLOWLY APPROACHING SATURATED CONDITIONS @ 2500 PSIG.
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TIME {V (RC PUMPS OFF)

END CONDITION FOR TOTAL LOSS OF FW WITHOUT HP| ACTUATION.
WITH RC PUMPS OFF EARLY IN THE EVENT, REACTOR COOLANT CAN

BE TRAPPED IN LOWER REGIONS OF LOOP AND REACTOR VESSEL,

CORE WILL HEATUP WHEN MIXTURE LEVEL DROPS BELOW TOP OF FUEL.
INADEQUATE CORE COOLING WiLL EXiST.

2.

Figure 24a BACKUP COOLING BY HPI FOR LOSS

OF ALL FEEDWATER (NO OPERATOR
ACTION)
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RCS GOES SATURATED AT 2450 PSIG.

STEAM IS CREATED {N CORE BECAUSE OF BOYLING THROUGHOUT THE CORE,

- |F RC PUMPS ARE RUNNING, STEAM WiLL BE OYSTRIBUTED
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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Figure 24b BACKUP COOLING BY HPI FOR LOSS
OF ALL FEEDWATER (WITH OPERATOR

ACTION)
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Reference Time
Points (Minutes) Remarks
1-2 0-1 Reactor tripped on 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 heat 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 RC pump to reduce heat input.
4 5-6 Subcooled margin is lost. Operator trips remaining RC pump.
5 6-7 RCS reaches saturation.
6 7-8 Pressurizer in solid or near solid condition. HPI flow "matches"
decay heat and begins to repressurize RCS to subcooled conditions.
7 8-10 RCS subcooled 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 minimize thermal shock.
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Figure 25 RC PRESSURE/TEMPERATURE LIMITS

RC Temperature (°F)
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DECREASING PRESSURIZER LEVEL BECAUSE OF LOSS OF REACTOR

COOLANT (LOCA) OR CONTRACTION OF REACTOR COOLANT (UVERCDULDNG).

REACTOR TRIP ON LOW REACTOR COOLANT PRESSURE

ES ACTUATION ON LOW REACTOR COOLANT PRESSURE
- HP! ACTUATION

TIME 11

PRESSURIZER L1QUID VOLUME 1S LOST; STEAM FROM PRESSURIZER
CAN ENTER RCS LOOPS WHEN THE RCS DEPRESSURIZES.

REACTOR COOLANT PRESSURE DROPS TO A VALUE ABOUT EQUAL TO STEAM GENERATOR
PRESSURE. OPERATOR TRIPS RC PUMPS WHEN SUBCOOLED MARGIN 1S LOST.

STEAM FORMS IN HOT LEG BECAUSE OF ACCUMULATION OF
PRESSURIZER STEAM AND BECAUSE OF FLASHING OF REACTOR
COOLANT. STEAM IS IN THE FORM OF BUBBLES WITHIN RCS.

2-PHASE NATURAL CIRCULATION WiLL OCCUR - BOVLING MAY
OCCUR [N CORE.

IF SUFFICILENT STEAN IS CREATED, 1T WILL START TO COLLECT
IN UPPER REGION OF LOOP BECAUSE STEAM CAN RISE AT A FASTER
VELOCITY THAN WATER.

Figure 26 ILLUSTRATION OF LOSS OF NATURAL
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STEAM IN THE REACTOR COOLANT SYSTEM
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1. STEAM SEPARATES IN UPPER REGIONS OF LOOP.

2. 2-PHASE NATURAL CIRCULATION STOPS.

3. SIZE OF THE STEAM BUBBLE DEPENDS ON SEVERITY OF ACCIBENT.

HPI FLOWRATE, AND HPI STARTUP TIME.
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Reactor Coolant Pressure-psig
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Figure 27 BOILER-CONDENSER COOLING
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OPERATOR ACTION REQUIRED
1. Turn HPI on to highest flow rate.
2. Verify AFW flowing through upper nozzles (or start EFW) and raise steam
generator level to 95% on operate range.
3. Start plant cooldown at 100F/hr.
4. Monitor plant conditions for a loss of core boiling/SG condensing or .

a return to normal natural circulation (subcooling).



Reactor Coolant Pressure-psig

Figure 28 LOSS OF NATURAL CIRCULATION -
SYSTEM REFILL BY HPI
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OPERATOR ACTION REQUIRED

1. Same as boiler-condenser cooling.

o Establish the steam generators as a heat sink (SG Tsat should be about
50F less than the incore thermocouple temperature).

o Open PORV

o BRump nne RC pump




RCS Pressure (psig)

Figure 29 CORE EX{T FLUID TEMPERATURE FOR
INADEQUATE CORE COOLING
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CHAPTER E

BEST METHODS FOR EQUIPMENT OPERATION

During an abnormal transient the operator has .-to perform several
actions to control different systems. This section will show the
‘ best ways to do the following things:
e Start and Stop RC Pumps
e Throttle or Stop HPI
e Throttle or Stop Emergency Feedvtvater
e Stop Main Feedwater

o Use the Incore Thermocouples

e Cooldown with One Generator out of Service

‘ e Use the High Point Vents

RC Pumg s

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:

e 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:
e To start natural circulation if it has stopped

‘ e To allow a faster rate of cooldown and RCS depressurization

DATE: 3-23-82 PAGE 117



BWNP-20007 (6-76)

BABCOCK & WILCOX NUMBER

NUCLEAR POWER GENERATION DIVISION

TECHNICAL DOCUMENT 76-1123298—0' |

® To provide core cooling if the core has become uncovered
(inadequate core cooling)

® Prevent brittle fracture of the reactor vessel when the

This section will show the rules for stopping and restarting RC

reactor coolant is subcooled and no circulation exists.

pumps.

RC Pump Trip

RC pumps must be tripped during'a small break LOCA if the subcooling
margin 1is lost to prevent core damage. If the pumps were kept run~
ning they would force steam and water by the break; because the wate
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 thé pumps are tripped at a later time, when very little
liquid remains in tﬁg RCS, the steam and water rémaining in the
vessel and loops wilii separate. Steam will collect in tl?e high‘
points and water will collect in the low. points. If enough water |
does not collect in the vessel the core will 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

DATE: PAGE
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margin. Other transients, such as severe overcooling or loss of all
feedwater can also cause loss of subcooling margin. Because the
effects of failure to immediately trip RC pumps during a LOCA can be

very serious, the operator should trip the pumps on the loss of sub-

‘ cooling margin without trying to find out the cause.

To avoid failures which may cause the pumps to trip late, the follow-

ing 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 PUMP ARE NOT TRIPPED IMMEDIATELY (I.E., WITHIN TWO
MINUTES) WHEN THE SUBCOOLING MARGIN IS LOST IT IS MANDATORY THAT THEY
‘ SHOULD NOT BE TRIPPED AT A LATER TIME. 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 ALSO 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 to prevent mechanical damage in
case they must be restarted at a later time. Preserving the pumps
for long~term cooling or cooldown is desirable, and it is recommended
that they be shut down if high vibtjation 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 component 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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NUMBER

raising SG water level before the RC pumps must be tripped. If the
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 circulation is desired. Actior;s to
establish natural circulation when the pumps are tripped because of

‘ subcooling margin are given in the pump restart criteria which

follows.
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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,

2. *If 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 component cool-
ing 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 1ater.

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

restore cooling water.

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

water in the RCS is low.

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. 1Injection and/or CCW can
be reinitiated by following pump
manufacturer's instructions. If
possible, an engineering
assessment shouid 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 restarted are given. These conditions
cover both LOCA and non-LOCA events and have been carefully chosen so that
a pump restart followed shortly afterwards by an inadvertent trip will

prevent fuel damage for small breaks.

Restart of the RC pumps is desirable for several reasons:

e Prevent brittle fracture of the RV when the reactor coolant is
subcooled with HPI flow but no forced circulation exists.

o If natural circulation was lost, the pumps can be used to restart
it.

° If the plant must be cooled down and depressurized, the RC pumps
will permit use of the pressurizer spray.

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

e If severe 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 bump 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
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be available for heat removal. The steam generator will remove heat if:
1) the steam generator saturation temperature is lower than the RCS incore
thermocouple temperature - a 50F temperature difference is a good rule of
thumb to use, and 2) the steam generator is fed with main or emergency

start the pumps in the 1loop with the

feedwater. It is necessary to
‘ operating steam generator if only one is in service, and it is best to

start the pumps in the loop with the pressurizer spray if possible. Since
it is preferable to keep the pumps operable, a pump restart is not desired

if mechanical damage can result,

One RC pump may be restarted and run to prevent brittle fracture when the

‘ reactor coolant is subcooled and the core is being cooled by HPI cooling

and no circulation exists. For this wunusual situation, which can be
caused by a prolonged loss of all feedwater, ome RC pump may be run even
th;)ugh there is no steam generator cooling. However, it should not be run
if mechanical damage can occur. If subcooling is lost the RC pump should
be stopped. See the 'Backup Cooiing" Chapter for details about brittle

fracture.

Inadequate Core Cooling is a condition where the'reactor coolant 1is 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 are 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.
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When the RC pumps are restarted the operator should expect to see pressure

changes in the RCS.

e If the reactor coolant is subcooled and the pressurizer is
filled solid, an abrupt rise in pressure will occur.

e If the reactor coolant is subcooled with a near normal
pressurizer level, almost no change will occur.

e If the reactor coolant 1is two-phase and saturated, a pressure drop
will occur when the heat removgll rate of the steam generator

increases.

Table 6, "RC Pump.Restart Guidelines", shows the conditions when the pumps
can be restarted. The table is divided into three parts: subcooled, satu-
rated, and superheated. Guidelines for restart of the pumps in the sub-
cooled and saturated conditions are dependent on the existence of liquid
or two-phase natural circulation. Generally, 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 establish communication between the thermal centers and 1initiate
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 flow into the system.

The "bumps" are used only every 15 minutes because: 1) that will limit the
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 columns 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 Tg gy, will control the
incore thermocouple temperature; if Ty, is changed the incore thermo-

couple temperature will follow. If the incore thermocouple temperature

does not change when Tgy changes, the steam generators are not coupled to

the reactor coolant system. Extended saturation with 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, and one hour has elapsed since the reactor trip, then one RC pump
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NUMBER

should be run for cooldown as long as at least one OTSG is available as a
heat sink. Natural ciruclation will not start when there is not enough
water in the RCS. The reasons for this exception, which goes against
other requirements that do not permit RC pump operation when the subcooled
margin is lost, are that the RCS should be depressurized and placed on the
‘ decay heat system before the BWST runs dry (to avoid HPI recirculation
from the sump) and that the several "bumps" have consumed time. The one
hour time limit has allowed the decay heat load to drop sufficiently so
that the HPI system is now capable of .acllding 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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HPI 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 actuation. The general control actions

are:

1. Maximize the flow for ECCS small break*

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 is subcooled (except 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
HPI will be shown. The discussion will be divided into two 'sections:

Maximizing HPI Cooling, and Throttling HPI.
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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 isolation) that may not be desired.
Therefore, the operator should manually actuate HPI by opening

' the BWST suction valves, starting two HPI pumps (one pump
supplying each train) and ‘opening the injection line isolation

valves.

Maximizing HPI Cooling

HPI SUBCOOLING.RULE: Two HPI pumps should be run at full
‘ | caplacity 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'.
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When the HPI system is started for either of these two conditions, its
purpose is to remove decay heat either by "once through cooling”" or by
allowing the reactor coolant to transfer heat to the steam generator.
"Once through cooling” or HPI cooling occurs when the injection water
passes through the core, picks up heét, and exits through a break or the
‘ PORV. 1In order to be most effective the HPI flow to the core must be the
greatest amount possible, One HPI pump will satisfy core cooling
requirements, but two HPI pumps are preferred. Balancing the HPI flow is
required to ensure that the greatest émount of pumped flow enters the
core. When the system is automatically actuated the operator should check
the flow 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.
Tﬁese 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 throttliq&:

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.

This condition is applicable to a large LOCA when the RCS depressurizes
enough to allow the LPI to flow into the reactor vessel. Since LPI will
provide emergency injection at a much gfeater 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 requirement of 1000 gpm 1is ‘used to make sure that the
injection flow~caﬁ remove decay heat with no loss of reactor vessel water
inventory aftér 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:

e HPI may be throttled any time the reactor coolant
subcooled margin is restored.

e HPI may be stopped any time the reactor coolant subcooled margin is
restored and pressurizer level is on scale "low" (2100") and
increasing. Normal makeup should be restarted. The one exception to
this guideline is the case where core cooling is provided solely by HPI.
In this case HPI can be throttled when the subcooled mafgin is restored
but not stopped until secondary 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:

= Continued HPI injection

=~ Reheat and swell ;)f the reactor coolant after an

overcooling transient has been stopped.

Although the core will be covered and safe if HPI is not throttled, it is
desirable to do so. If there is any doubt about throttling HPI then don't
do it. 1If water were allowed to flow through the pressurizer valves, the
Plant conditions could get worse. Continued flow through the valves could
fill the quench tank and cause the ruptured disc to fail releasing water
to the containment, or the pressurizer valves could fail to reclose and a
LOCA would result. The one exception is HPI cooling whep 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
stopped the core heat will cause the reactor coolant and the added water
to swell. It can expand enough to fill the pressurizer. In order to

limit 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 100 inch pressurizer level indication was chosen because it is

just above the pressurizer heater cut-off level at 80".

‘ I1f the overcooling was severe throttling HPI alone may not be enough to
prevent the pressurizer filling; therefore, 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 operator can monitor the effects of steam pressure by
monitoring T.,1gq and pressurizer level and control steam pressure as

‘ necessary. The oéerator should be careful not to lower steam pressure too
much or the‘ pressurizer will drain. In many cases throttling or
termination of HPI and lowering steam pressure 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 is 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
lead 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) or in some cases, violation of.NDT
and brittle fracture limits. Also, there are transients such as
. as a steam generator tube rupture where the higher RCS pressure
makes the outcome worse (large leak rates). Therefore, the operator
should throttle HPI and begin to stabilize RCS pressure as soon as
subcooling margin is regained.
2. Check pressurizer levei.
3. If pressurizer level is 1less than 100 inches, maintain HPI but
reduce the amount of flow.that is being added to the RCS.
‘ e If two or more HPI pumps are running, stop all but one pump.
NOTE: Run the HPI pump which normally supplies seal
injection.
o If pressurizer_ level is on scale, throttle HPI wusing HPI
injection valves .and aftempt 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
subcooled margin stabilizes (i.e., HPI is matching a leak).
e If pressurizer lével continues ‘to increase above 100 inches,

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

described in "Backup Cooling Methods").

134




BWNP-20007 (6-76)

BABCOCK & WILCOX NUMBER

NUCLEAR POWER GENERATION DIVISION

.TECHNICAI. DOCUMENT 76-1123298-00

4. If pressurizer level 1is increasing and greater than 100 inches
(indicated), realign the HPI system into the normal makeup and
letdown mode.

e Monitor reactor coolant subcooling; restart HPI if subcooling
margin or pressurizer level is lost.
. e Reset ES after HPI has been stopped (if RCS pressure is high
enough).

5. If the RCS 1is subcooled and the pressurizer level is increasing
rapidly, it may also be necessary ﬁo 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 1is at atmospheric pressure, the injection line orifices will
limit HPI flow to 540 gpm per pump. However, the additional flow
through the recirculation 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 occur at very low flows. The total flow

is a combination of the recirculation flow and the injected flow.

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 (RCP) is 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 running, 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 RTD in
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these loops will indicate temperatures 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

. If the RC pumps are NOT runﬁing, the RC pressure/temperature combination
must be kept within the no forced flow region of Figure 25 (Region II).
The reactor vessel downcomer temperature will be colder during no flow
conditions than during Forced Flow coﬁditions. The "Interim Brittle

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

temperatures. These colder temperatures occur because the HPI flow
. entering the RCS does not completely mix with the reactor coolant as would
happen if the RC pump were operating. The HPI water, which can be as low

as 40F per Technical Specifications, will enter the cold leg pipe then
flow into the RV downcomer to cool the reactor vessel walls. These colder

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

The "Interim Brittle Fracture 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 Temperatures

With no RCPs running, the average of the five highest thermocouple
(TC's) temperature readings should 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
(ICC), 1i.e., the data is available and the operator need not
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 should 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, with or without natural circulation the
cold 1leg temperature detectors cannot measure the RV downcomer
temperature because the RC loop flow and HPI flow mix downstream of
the temperature detector. The ratio of the HPI flow to RC loop flow
is substantial. Consequently, the resulting mixed temperature of the
‘ two fluids will be substantially lower than the cold leg temperature
indication. The ratio 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 Qsed to indicate core outlet temperature. However, to
simplify .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)

c)

RCS Pressure Control

With no RCPs running, throttling the 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 the PORV is necessary only if the break is
so small that RCS pressure begins increasing). Therefore, careful and
consistent throttling of HPI ‘flow is the only available means to
ensure that the RC pressure/temperature combination remains within the
no forced flow operating region of Figure 25.

7/

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 reduce the thermal shock to

the reactor vessel. However, 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 is maintained within Tech Spec NDT limits.
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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HP1 VALVE CONTROL

The HPI valves will be used to reduce 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 feedwater exists then the RC pressure need
only be reduced to the DHRS operatiﬁg pressure (unless secondary cooling
is re~established) and then the pressurizer power 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 bé a function of the HPI pump head and
the choked fléw out the break. It will also be removing decay heat from
the core. The amount of decay heat will determine the amount of HPI flow
needed and the HPI flow will establish the RC pressure. Consequently, as
the decay heat level decreases the HPI flow can be throttled 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. Simultaneously, 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 occur where the RC pressure cannot
be reduced by throttling HPI flow. This can be caused by hot water
flashing to steam in either 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 pressurizer PORV is required to elimi-

nate 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 may fail) and cause undesirable
overcooling, especially if feedwater heating is lost and cold water is
added to the steam generator. Excessive emergency feedwater can have
the same general effects, but it will cause a more severe cooldown (for -
the same flowrate) because of the gfeater 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 aiso cause overcooling when the steam generator level is
being raised even though no failures have occurred. 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. Therefore, to regain ‘control and stop main feedwater
overfilling when a failure of the controls occurs, the following gives a
series of increasingly more severe actions:
e Attempt to manually control the feedwater pumps with the hand/auto
station; this may not work if the controls to the pumps have failed,

. so be prepared to. quickly take the next step.

® Close the feedwater isolation valve to 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 generator 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 rapidl);. This will stop all feedwater to
both generators (‘i.t‘will Be a loss of feedwater,. but since the
generators have a large inventory the heatup effects will be

‘ delayed). This action can be taken if both generators have failed

feedwater or the other actions do not work.

® Flow should be monitored in all cases; it will show the effects of
corrective action faster than level. The corrective ac’tionls must be
taken within 2-3 minutes to prevent steam generator overfill (water

level at the top of the shroud) with large excessive MFW flow rates.
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If all main feedwater has 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 from filling one steam generator:

e Attempt to close the control' valve to high level/high flow steam
generator. This may not work if th.e valve controls have failed.

e Trip one EFW pump (select the motor-driven pump supplying flow to
the high level/high flow generator) and close the cross connect
valve to prevent the turbine-driven pump from supplying flow to the
bad gener«ato-r. To restore emergency feedwater operation the failed

control valve may be closed manually and the bypass valve around the
cross connect reopened.

control valve may be opened. The pump can be restarted and the _
To stop emergency feedwater from filling both steam generators (this !

|
condition may happen 1if power supplies or station air are lost to the

control valves):

# Ensure control valves are operating properly on nitrogen. If not,
check Ng valve lineup. If control valves cannot be used, then:
e Isolate normal EFW feedlines and open alternate flow paths using

ICS-controlled valves. If these valves have also failed, then:
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® When steam generator level ig High, stop pumps, allow the steanm
generator level to drop and restart one pump. Use that one pump to
"batch" feed.the generator by starting and stopping the pump.
Infrequent starts and stops of the pump are expected because the
steam generator level will take about 5 to 10 minutes to boil the
inventory to a low level.

® If no control of EFW can be ‘obtained the pumps can be stopped and
HPI cooling can be used. This 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 automatically increases steam generator level to S50% 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-margin is lost. The 95%
level will permit Primary coolant steam condensation during
boiler-condenser cooling in case a small break LOCA has ;)ccurred.
Anytime the subcooled margin is lost the level should be raised to
95%; if the subcooled margin is regained while the level is increasing
then it does not need to be continued to the 95% level, 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) through the upper nozzles in accordance with the FW throttling

guidelines.

Exception: If the loss of subcooled 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 FW flow through the wupper nozzles
injects water Vinto the steam space of the generator. As the flow
sprays int.o the steam space it causes steam condensation and 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.

Automatic level control will provide essentially full FW flow until
level approaches the setpoint. When the natural circulation setpoint
is in effect this maximum flowrate can cause significant 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 is not
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steam space will cause the thermal center for natural circulation to be

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

' FW flow should not be throttled until natural circulation starts.

It is not mandatory to limit the rate of FW addition to prevent over-
cooling, but throttling is preferred to control the plant better. For
example, if a severe overcooling transient caused loss of the sub~
cooling margin and the RC pumps were tripped, the addition of FW at
full flow through the upper mnozzles 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 is not
available, the following additional guidelines for EFW flow control

should be used.

Guidelines for EFW Throttling:

¢ EFW may be throttled 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).

® 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 generator level must be gradually raised to the setpoint; the
steam generator level must never be allowed to decrease if level 1is
still below the applicable setpoint (see setpoints below).

- Flow into the steam generators must be continuous at all times

until the setpoint is reached.

Restrictions on EFW Throttling:

e EFW must be turned on full if nafural circulation stops and the
steam generator level is below the setpoint.

e EFW must be turned on full if its actuation was delayed. It can be
throttled wﬁen natural circulation starts,

e EFW mus£ 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:

- 30" 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 decay 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 flow rate should not
drop steam pressure by more than about 100 psi bglow the pressure
‘ setpoint. For example, after a trip the turbine bypass set pressure
is 1010 psi so the EFW flow should not cause steam pressure to drop
below around 900 psi. If the operator has adjusted steam pressure to
a different setting the steam pressure drop should stay within 100
psi of that setting. Ihe 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 most 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 level and steam pressure are about right).
Generally, natural circulation is established and maintained when

Thot and the incore thermocouples track together.
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EFW should not be throttled if it does not automatically start after
loss of main feedwater when RC pumps are off. It also should not be
throttled if only one generator is available for heat removal. For
either of these conditions natural circulation could be stopped: or
not started. Small break LOCA’primary steam condensation might also

be restricted for either situation.

EFW throttling is not mandatory, but is desirable to limit
overcooling and possible pressurizer draining. If there is doubt

about throttling EFW, then don't do it.

EFW Throttling Rule

EFW should not be throttled 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) is in effect and

° EFW actuation was delayed or
° Natural circulation stops and levels are below the setpoint or
° EFW is injecting into only one steam generator.

(EFW may be throttled whenever natural circulation starts)
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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 summarizes that information:

1. They are used to detect core uncovering. They are thie most
valid indication of cor.e cooling. If the incore thermocouples
clearly indicate superheated conditions, then the actions to
counter Inadequate Core Cooling should be taken.

2. They provide indication of natural circulation. Thot should
read within 10F of the incore thermocouples when the plant is
subcoﬁléd and solid water natural circulaiton is occurring.
When the reactor coolant is saturated the incore thermocouples
do not provide as good an indication of natural circulation.

3. They provide an indication of NDT margin when no forced
circulation . exists. . The reading of the five highest
thermocouples displayed should be averaged, and compéred 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.
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Cooldown with One Steam Generator Out of Service

Attempting to cool the plant down uging one '"good" steam generator
can cause excessive thermal stresses in the other 'bad" steam
generator if it is dry and the cooldown rate is large. Although one
steam generator can remove the decay heat and the stored heat needed
to cooldown, the dry steam generator is not properly cooled because

the shell stays hot.

During normal cooldown the shell of each generator is cooled by
liquid in the lower part and by steam in the upper part. When the
shell is not cooled and the tubes are cooled by reactor coolant, the
tubes can get much colder than the shell causing them to contract
relative to the shell. But because the tubesheets hold the tubes in
a fixed position and the shell does not shrink the tubes go into
tension. If they get cold enough the tension stresses will be
greater than the yield stress and they will permanently stretch. If
tﬂe 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 conservatively set at 100F. However, in
an emergency situation when cooldown is absolutely required the limit
has been relaxed to 150F AT, with the wunderstanding that any
transient which results in exceeding the design AT limit of 100F

requires specific stress evaluation to determine SG tube integrity.
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Cooldowﬁ with one genefator at the highest rate of cooldown should not be
done 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.

e Cooldown at a slow rate so that the tube-to-shell temperature limit
does not exceed the '"normal' AT of 100F.

e Cooldown at a more rapid rate, but do not allow the tube-toshell

temperature limit to exceed the "emergency" AT of 150F.

The need to cooldown 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 pritx;ary' system can be depressurized. Depressurization

will slow down or stop the leak rate. Tube leaks or ruptures

‘ especially required depressurization to stop the leakage into the

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 tube leaks which do not return
. water to the sump it is absolutely required to have the plant de-

pressurized before the BWST drains.
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- Surge 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 surge tank is

drained (for the unlikely «case that the condenser becomes

‘ unavailable and condensate cannot be transferred from the other
units).
- 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.

In order to cool the plant down rapidly with one generator out of
service it will be necessary to add water to the 'bad" generator so
the shell can be cooled. If the generator is completely dry, the
‘ shell will only cool by heat loss through the insulation to the
reactor building; the average shell cooldown rate will be low
(around 3-5F per hour). Water addition to the generator will allow
the shell to cool faster and the rate will depend on whether a
water level can be maintained. If water can accumulate 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 average rate of shell
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cooldown will be around 10F/hr. Since the rate of shell cooldown is

greatest when water is in contact with it the preferred way to add
water is with the main feedwater system. However, the 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 thermocouples and subtracting the reactor

coolant average temperature (However, in some rare. cases T,, might

not represent the average tube temperature; these cases can occur if

the hot leg is steam bound and no circulation is occurring. If Tyo,

is increasing but Tcold 1is fixed, then Tcold should be used rather

than Ty, .)

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 steamed. In this case a water level can be built to cool

the lower part of the shell. The second example shows a tube leak

with a generator that cannot hold pressure (a failed steam safety

valve could do this). 1In this case a water level cannot be built be-

cause of constant steaming (in fact, a water level could be built if
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the main feedwater system were allowed to operate at high capacity,
but the tubes would cool down extremely fast and the tube-to-shell
temperature limit would be violated). The examples 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
(Tyy) to ~500F (Tg,) at a rate 240F/hr. After that the RCS is
cooled down and depressurized at < 100F/hr until the '"emergency"
tube~to-shell 1limit of 150F is reached. At that time the cooldown is
slowed and .follows the cooldown rate of the shell and the
‘ tube-to-sh‘ell AT is the controlling limit. 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.

T;e procedure shown in Figure 3la with a generator that can hold pres-
sure, is to add water to the generator when the first stage of
‘ cooldown is completed (i.e., at 500F RCS T,y). The water level
should be gradually increased to a high level (around 50% on the
operate range) so the lower portion of the shell is cooled by water.
Steam will be created in the generator and will help cool the upper
shell. Main feedwater through the lower nozzles is preferred, but
. MFW or EFW through the upper nozzles will also be adequate; both must

be controlled to prevent overcooling. The cooldown after 150F

emergency tube-to-shell limit is reached will be about 20F/hr.
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The procedure to be used when steam pressure cannot be maintained ig
shown in Figure 31b. The RCS should be cooled down at 100F/hr while
slowly adding main feedwater (if possible) or emergency feedwater
until the "emergency" tube-to-shell temperature 1limit is reached.
When that limit is reached the cooldown rate should be slowed so as
not to exceed thé emergency tube-to-shell temperature limit. The
rate of feedﬁater flow should be around 100 gpm, but actual flow rate
willlbe dictated by the circumstances. A continuous low flow rate is
desired rather than an interrqpted "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

valves.

If the reactor coolant pumps aré not operating or have been shut off
sometime during the cooldown sequence, natural circulation will not
occur in the loop with the generétor out of service. If the reactor
coolant in that loop is at a high temperature when the RCS ‘depres-
surization begins, it may flash to steam. The steam will collect in
the candy cane and that loop will "become a pressurizer". The system
pressure will "hang up" at that pressure,'preventing further depres-
surization. In some cases not much can be done to prevent this ex-
cept slowing the rate of cooldown. If possible ome or more.RC pumps
should be run, at least periodically, to preclude steam voids collect~-

ing in the idle loop. If steam does form, and any reactor coolant pump

PAGE
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can be "bumped", it will help to mix the fluid so cooldown can con-
tinue. If a reactor coolant pump cannot be started, then an alter-
nate method to stimulate circulation and cool the stagnant water 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. These actions
should be performed only for situations, such as tube ruptures, where
it is necessary to continue the cooldown. If continued cooldown
isn't required, the plant should be held stable with continued
natural circulation in the one loop to remove decay heat until the
voids in the idle loop are collapsed due to losses to ambient and/or
HPI or until the idle steam generator is returned to service (i.e.,

the problem requiring single steam generator cooldown is corrected).
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Use of High Point Vents During
Inadequate Core Cooling

Following a ioss of coolant accident (LOCA), it is necessary to re-
move the decay heat from the core to prevent cladding damage. Core
heat removal is accomplished by supplying cooling water to the core.
. If the 'supply of cooliﬁg water to the core is decreased or inter-
rupted, a lower mixture lével in the core will result. If the upper
region of the core uncovers, cooling for these regions will be by
forced convection to superheat sf:eam, which is a low heat transfer
regime. Continued opefatior_l in this mode may result in elevated fuel

cladding temperatures with subsequent core démage and possible hydro-

‘ gen generation due to Zr - Hy0 reaction.

During inadequate core cooling, significant hydrogen generation due
to metal-water reaction begins when a cladding temperature of 1800F
is attained. Therefore, if - during a small LOCA, the operator has
indications that the fuel cladding temperature is at or above 1400F
(Figure 29), he should open the high point vents at the hot leg and
. at the vessel head. This is a precautionary action to prevent
noncondensible gases, which are being formed in the core, from

accumulating within the steam generator tubes.
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The steam generators are expected to be utilized within the inade-

quate core cooling procedure in order to depressurize the primary
system and lead to subsequent actuation of the core flooding and/or
low pressure injection systems. Therefore, concentration of noncon-
densible gases within the steam generator tubes should be minimized

. in order not to degrade the steam generator heat removal process.

Opening the high point vents is also somewhat beneficial in relieving
the RCS pressure and allowing a greater safety injection flowrate,

but this is a limited effect due to the vent's small size.

When the subcooled margin is regained or the RCS depressurizes to the
‘ point where the LPI system can be operated, then noncondensible pro-
duction due to core damage has ceased. The operator can then close

the high point vents and continue a "normal" shall break cooldown.

Loss of LPI Recirculation Ability

The ability to recirculate water from the reactor building emergency

‘ sump can be lost during recirculation or when trying to start
recirculation. If this ability 1s 1lost, the cause should be
determined and flow started as soon as possible. There are two

general causes, 1) loss of sump water, and 2) loss of both flow paths

from the sump. Loss of sump water can occur because of:
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. A. A steam generator tube rupture - A steam generator tube
rupture is a LOCA; however, the water which leaks from the RCS
does not accumulate in the reactor building sump. Instead, it
leaks out of the reactor building via the secondary system.
When the BWST is depleted and time has come to transfer to the
RB sump, thére will be no sump water. This transient must be

. mitigated as explained elsewhere in these guidelines to
prevent the loss of the reactor building sump water.

B. Diluted sump water - Diluted sump water caused by a leak from
a non-borated water source such as the LPSW system or the feed-
water system wiil make the sump water unusable if the boron

concentration becomes too low. The diluted water should not

‘ be added to the reactor core because it could allow the
reactor to go critical. This would make the core cooling
problem worse. This problem must be corrected by adding

borated water to the recirculation flow and by stopping the
dilution process, e.g., if a feedwater line is adding water to

the reactor building, the flow to the bad generator should be

I stopped.

Both sump flow paths can be lost if both the RB emergency sump inlets

become clogged or if both the sump valves fail to open. If both of

the sump inlets becomes clogged, it may be possible to back flush the

line to clear away any debris that might be covering at least one of

the sump line inlets. 1If both the sump motor operated valves fail to
o

Operate remotely, then local manual operation of the valves should be
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attempted to open at least one of the valves. However, the problem
may not be electrical, e.g., the valve stem or disk may be binding,
and manual operation of the hand wheel may not work, but some kind of
mechanical leverage may be able to open the valves. Local attempts
to open these valves may not be possible because of high radiation

levels.

If the cause for a loss of sump ?ater or flow path cannot be cor-
rected, the operator should attempt to cool the reactor core with the
DHRS. This method of cooling will be successful if the cooling water
can flow through the RCS without leaking to the reactor building. To
accomplish.this, the RCS water must be subcooled to prevent steaming
out the break and the RCS water level must be below the break eleva-
tion to stop RCS water from continually leaking to the reactor
building and high enough to prevent a vortex formation as water is
drawn into the DHRS suction pipe (this would be the same elevation as
required for normal DHRS operation when draining the RCS). The RCS
water 1is brought subcooled by increasing the LPI cooling as much as
possible. When the RCS becomes subcooled, DHRS operation can be
initiated and the RCS water level will inherently drop to the break
location. If the the break location is high enough vortex formation

in the DHRS drop line will not occur.

However, if the break elevation is too low then a vortex will form in
‘ the DHRS letdown line and LPI cooling will need to be continued.

Vortex formation can be detected by noting LPI pump cavitation.
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Because of the possibility of voftex formation the transition from
LPI to DHRS cooling should be made cautiously by switching one LPI

train at a time from LPI to DHRS mode of operation,

During LPI cooling water will continually be lost out the break until
the water level in the reactor building increases to the elevation
equal to the water level. required in the RCS for DHRS operation.
This will require more water than that contained in the BWST. There-
fore, sources of borated water in addition to the BWST water will
need to be used for core cooling. These additional sources will need
to be pumped to the reactor vessel for core cooling until the sump
recirculation ¢an be established or the RB is flooded to the RCS
level needed for DHRS operation so that the DHRS can be put into
operation. If the RB needs to be flooded, the operator should
prepare for equipment and instrument failures due to water submer-
gence. For example? the DHRS suction line valves should be opened
before they are submerged beéause after they are submerged they may

not operate.

If available, the pressurizer level indication should be used as a
visual aid to assure an adequate water level is over the DHRS suction
nozzle. Water may need to be added periodically to makeup for

leakage from the RCS and DHRS.
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NUMBER

During DHRS operation the RCS water temperature should be held
constant to prevent volumetric water changes which cause the RCS
water level to fluctuate and the RCS water temperature should be held

below the boiling point to prevent water loss by steam flowing out

. the break.
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Table 6 RC PUMP RESTART GUIDELINES

(INADEQUATE CORE COOLING)

REACTOR COOLANT
CONDITION

SUBCOOLED WITH NATURAL CIRCULATION SUBCOOLED WITH NO NATURAL CIRCULATION

EXISTING

SATURATED WITH NATURAL CIRCULATION
EXISTING (HPI ON)

SATURATED WITH NO NATURAL CIRCULATION
(HP1 ON)

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

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

RESTART ACTIONS

CONFIRM THAT NO RC PUMP DAMAGE WILL OCCUR.

CONFIRM THAT AT LEAST ONE STEAM GENERATOR
IS A HEAT SINK.

START AND RUN THE RC PUMPS IN THE LOOP
WITH THE GOOD STEAM GENERATOR. )

@ CONFIRM THAT NO RC PUMP DAMAGE WiLL OCCUR

@ ESTABLISH AT LEAST ONE STEAM GENERATOR AS
A HEAT SINK (Tgpy OF STEAM GENERATOR IS AT
LEAST 50F COLDER THAN INCORE THERMOCOUPLES.

BUMP PUMP ONCE TO SEE IF NATURAL
CIRCULATION STARTS. IF 1T DOES, RESTART
AND RUN. IF NOT, WAIT 15 MINUTES THEN
BUMP AGAIN.

SPECIAL CASE: WHEN THE PLANT IS SUBCOOLED
WITH NO NATURAL CIRCULATION AND THE HPI SYSTEM
IS ON, THE COLD HP! WATER MAY CAUSE BRITTLE
FRACTURE OF THE REACTOR VESSEL. ONE RC PUMP
MAY BE STARTED TO CAUSE FLUID MIXING. STEAM
GENERATOR COOLING IS NOT REQUIRED.

|F SUBCOOLING MARGIN IS LOST IMMEDIATELY
AFTER PUMP RESTART AND DOES NOT RETURN
IN ABOUT 2 OR 3 MINUTES, THE RC PUMPS
MUST BE TRIPPED AND NOT RESTARTED UNTIL
THE SUBCOOLING MARGIN IS REGAINED.

SPECIAL PRECAUTION:

DO NOT RESTART.

PROCEED WiITH RCS COOLDOWN BY GRADUALLY
LOWERING STEAM PRESSURE AND LOWERING RCS
PRESSURE WITH THE PORV.

CONFIRM THAT NO RC PUMP DAMAGE WILL OCCUR.

ESTABLISH AT LEAST ONE STEAM GENERATOR AS
A HEAT SINK (Tgpy OF STEAM GENERATOR IS AT
LEAST 50F COLDER THAN INCORE THERMOCOUPLES).

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,
LOWER STEAM PRESSURE UNTIL THE STEAM TEM-
PERATURE IS 100F COLDER THAN THE INCORE
THERMOCOUPLE TEMPERATURE. RUN THE RC PUMPS
AND CONTINUE COOLDOWN AND DEPRESSURIZATION.

IF 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. '

PRC ™
APERTURE
CARD

B2Lllo2F] - a3



HP1 "ON' AT HIGHEST
FLOW RATE.

l

IS REACTOR COOLANT
SUBCOOLED MARGIN
SATISFiED?

NO YES

NOTES:

r

KEEP HP1 'ON' AT

HIGHEST FLOW RATE.

l

!

HAS LP1 BEEN 'ON’
FOR 20 MIN. WITH
FLOW GREATER THAN
1000 GPM FLOW TO
EITHER TRAIN?

NO YES

STOP HPI.

L

IS PRESSURIZER LEVEL
GREATER THAN 40" AND
INCREASING? (CHECK FOR
NDT VIOLATION IF THE
REACTOR COOLING 1S
SUBCOOLED AND NO
CIRCULATION EXISTS.)

NO YES

Figure 30 HPI CONTROL LOGIC

PREVENT PUMP RUNOUT AND CAVITATION DAMAGE
BY LIMITING THE TOTAL FLOW FROM ONE PUMP TO 550 GPM.

PREVENT PUMP DAMAGE AT LOW FLOW CONDITIONS BY
LIMITING THE MINIMUM TOTAL PUMP FLOW TO MORE
THAN 35 GPM.

IF CORE COOLING IS PROVIDED SOLEY BY HPI, HPI MUST
BE LEFT ON AND BALANCED TO MAINTAIN RCS PRESSURE

WITHIN LIMITS WITH THE PORV OPEN EVEN AFTER THE
SUBCOOLED MARGIN IS REGAINED AND THE PRESSURIZER

IS WATER SOLID. COOLING IN THIS MODE MUST CONTINUE
UNTIL EITHER SECONDARY COOLING IS REESTABLISHED OR
THE PLANT CAN BE PLACED IN NORMAL DECAY HEAT REMOVAL
OPERATION.

r

THROTTLE HPI.

KEEP HPI "ON" BUT

l

LEVEL EXIST?

DOES A PRESSURIZER

YES NO

l

CONTROL HPI TO
MATCH LEAK.

PUT HP1 BACK TO NORMAL

MU MODE. LOWER STEAM

PRESSURE {F NEEDED.
(SEE NOTE 3)

| MONITOR REACTOR COOLANT]

SUBCOOLED MARGIN AND
PRESSURIZER LEVEL (IF

IT EXISTS)




Figure 31a COOLDOWN ON ONE STEAM GENERATOR (STEAM PRESSURE CONTROLLED)
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COOLDOWN ON ONE STEAM GENERATOR (STEAM PRESSURE NOT CONTROLLED)

Figure 31b
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CHAPTER F

POST TRANSIENT STABILITY DETERMINATION

To determine if the transient has been brought under control four general

areas must be checked.

1. Reactivity - Control - The reactor must have a subcritical
. margin of at least 1% Ak/k.

2. Core Heat Removal Control - The core must be covered and

cooled; the heat removal rate is equal to or slightly greater

than the core heat generation rate.

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 repaired.

Several things around the plant must be checked to make sure these four
general rules are being met. The following basic check list defines the
more important items. The list is divided into two cases. Case I applies

to LOCA's which can be stopped by complete isolation of the leak and to

‘ all other transients. Case II applies to LOCA's which cannot be isolated.
The difference between the two parts 1is simple: a reactor leak that

cannot be stopped is a transient that cannot be positively terminated.
However, a leak can be reduced to the smallest amount possible and become
stable for '"long-term cooling'". Steam 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
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sizes at a time when the decay heat decreases and HPI is able to refill

the RCS loops and add water to the pressurizer.

Case I - All transients (including LOCA's which can be isolated)
1. Reactor coolant pressure and temperature are preferably within
. the '"post-trip window" of the P-T diagram; however, pressure

and temperature may be'anywhere on the P-T diagram within a
region bounded by: a) NDT limits, b) the subcooling 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 the 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-term" 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, If forced circulation exists (RC pumps on) then reactor cool-
ant Ty, is about equal to the saturation temperature of the
water in the steam generator (or generators) that is removing

the heat.
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5. If natural circulation exists, T.old leg Will be about equal
to the saturation temperature of the water in the steam
generator (or generators) that is removing the heat. The dif- |
ference between incore thermocouples and Tpo¢ in the operating
loop (or loops) will track within 10F. If only one generator i

‘ is removing heat the other reactor loop will be subcooled. 1

6. Steam generator (or generators) level will be at the correct
setpoint (either natural or forced circulation setpoint) and
will be steady.

7. Steam generator pressure is steady and is below the safety
valve opening setpoint,

8. The cére is at least 1% A k/k subcritical on rods and boron.

‘ If more than one rod did not fully insert the core is at 1%
A k/k subcritical on boron alone (assuming gll rods out).

9. If the accident caused water to enter the containment
(reactor or steam generator) and the containment environment
was increased, it will now be reduced to near normal levels.
Pressure will be <close to barometric pressure; average

‘ containment  temperature wilvl be near prior operating
temperature; relative humidity will be about 100%.

10. If radioactive water leaks occurred in auxiliary buildings

those areas will be sealed and the spillage either trapped or

drained to storage tanks,

DATE: PAGE
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1. The component failure (or failures) which caused the transient
is known. It has been bypassed, isolated, repaired, or

otherwise handled so that it no longer compromises plant

safety.
‘ 12. Components which support plant safety are operating near their
design point (examples: pumps are operating away from the

minimum shutoff flow and have adequate NPSH, throttle valves
are near the proper opening, ‘electric motors are in

the normal service range, electronic equipment is environ-
mentally protected). Ifta component is operating off design

and future failure is possible, then redundant or alternate

which might fail.
13. Stored water (condensate tank, BWST) is adequate for long term
use or alternates are readily available.
14. Instrument;.ation to monitor plant performance is operating
correctly. Poféntial failures of critical instrumentation
‘ have been identified and alternate instrumentation is

available.

Case II - LOCA's which cannot be isolated

|

|

\

\

‘ equipment is on standby and ready to replace the equipment
\

NOTE: With the exception of steam generator tube leaks, all reactor

|

coolant leaks outside the containment can be 1isolated. Al-
‘ though a tube leak is "inside" the containment a direct path
outside the containment exists through the steam lines. |
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Many of the criteria of Case I apply to this part except that the
reactor coolant will not always regain the subcooled margin and
operating conditions that depend on subcooling will not apply. The
very smallest reactor coolant leaks may allow the reactor coolant
system to repressurize (because of continued High Pressure Injection)
and some amount of subcooling may be regained, but it is not likely
that enough margin will occur. Consequently, the criteria for LOCA
stability does not include the sub‘cooling margin. Also because sub-
cooling may not exist the hot legs m>ay 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.balance cannot usually be accomplished because of saturated
(or near saturated) conditions which may not permit the reactor
coolant to move the heat from the core to the steam generator, but
some heat transfer to the steam generator is possible for small
breaks. The steam generator operating level should be at the 95%
level 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.

DATE :
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The continued loss of coolant from a LOCA will not permit the acci-
dent to be truly terminated, but the leak rate can be minimized.
Lowering RCS pressure is the best way to lower the leak rate. This
can be done by loss through the leak, by opening the PORV, or by low-
ering secondary side pressure. Long term loss of coolant when the
RCS is depressurized occurs in two ways: 1) steaming out of the leak
because of continued boiling, 'and 2) water loss because the head of
water is above the break and water will "run" out of it. The rate of
leak will depend on the system pressure, the decay heat level (which
causes boiling), and the elevation 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 vhen the leak rate diminishes. The first
stage is when the reactor coolant system is depressurized to atmos-
pheric 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 containment 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 keep water above the hot leg suction
‘ for decay heat removal. Decay heat removal has the advantage of
rapid RCS cooldown, but it must be carefully monitored to make sure
the decay heat pump does not lose éuction (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 define 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" 1is
considered to have started).
3. The reactor coolant system is depressurized to near atmo-
spheric pressure 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 the break size did ﬁot permit depressurization before
the BWST was empty, and 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 possible).
Steam generator level is at 95% on the operate range and is
steady.
Reactor coolant pumps are off (operation of RC pumps could
move water past the break.and increase the leak rate).
The following criteria from the previous part also apply:
Numbers 7, 8, 9, 10, 11, 12, 13, 14.
Fof ‘the special «case of steam generator tube leaks
(LOCA's):
a) Feedwater (main and emergency) has been stopped to the
bad generator.
b) Steam created by boiling the RCS leakage is directed
to the condenser (if it is operating).
¢) The plant is on decay heat removal or standby backup
borated water sources are available to replenish BWST

inventory.
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CHAPTER G

’

FUNDAMENTALS OF REACTOR BUILDING CONTROL

1.0 Introduction

The Three Mile Island Accident lprovided some very significant imsight
to reactor building performance. Two distinctly separate conditions
existed at TMI-2 that lead to a conclusion that a more comprehensiveb
approach for reactor building control to prevent radiation release 1is

very important:

’ - The . reactor building pressure stayed very low for a signifi-
cantly long time before reaching 4 psig when automatic reactor
building isolation of penetrations could occur. During this
time period the core was uncovered and very high concentra-

tions of radiocactive material were released to the reactor

building. Fortunately, the reactor building penetrations that
. were open did not permit a direct release of reactor building
gases to the site; unfortunately the normal sump line was open

|
|
and radioactive liquid was pumped to the auxiliary building and
|
| indirect releases did occur.

|

This TMI situation illustrates the need for operator action to con-

‘ trol radiation releases by controlling the reactor building boundary




BWNP-20007 (6-76)

BABCOCK & WILCOX NUMBER

NUCLEAR POWER GENERATION DIVISION

TECHNICAL DOCUMENT 76-1123298~00 . '

at . all times. Operator action prior to automatic system actuation
may be appropriate; operator action may also be needed for conditions
when systems used for automatic reactor building isolation control

fail and the automatic isolation requirement exists.

- Another condition that existed at TMI was an accumulation .
hydrogen in the reactor coolant system. Hydrogen burning can be
very dangerous and can cause damage to the reactor building or to

the equipment in the reactor building.

This situation illustrates the need to control the reactor building
environment to preserve the integrity of the reactor building and itg
operating equipment. Operator action 1is required to control t‘
reactor building environment (radiation, pressure and temperature,

Hy, and other physical phenomena) so that:

- Radiation release from ‘the reactor building to the site
surroundings is limited

- Radiation release to the auxiliary building atmosphere or flu'
systems is limited or controlled acceptabiy

- Systems or components inside the reactor building that are used for

reactor building control or for core cooling are protected.

: ' PAGE
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The main purpose of the reactor building is to prevent unaccept-
able releases to the environment of radioactive material leaking from
the reactor coolant system. Although the reactor building serves
this purpose during normal operation and abnormal transients, this
‘ discussion will be limited to abnormal i:ransients. Proper reactor
building control during abnormal transients, especially during a Loss
of Coolant Accident, will limit the amount of radioactive material
leaking to the environment, Some reactor building controls are
automatic and some are manual.. However, the operator must be

prepared to take manual action if the automatic controls fail.
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2.0 DIAGNOSIS AND CONTROL

2.

1

The two basic objectives of reactor building control are: control
reactor building isolation and to control the reactor building envi-
ronment. This section discusses how these objectives are reached b.

diagnosing and treating reactor building problems.

This chapter will first discuss the general approach to diagnosis and
control of the reactor building, including backup actions if things

are not responding as they should. (Section 2.1. and 2.2)
Then the following sections (2.3 and 2.4), will be more specific
describing what parameters to nmnitor,Awhen to take action, and what

the action should be,.

General Approach For Diagnosis and Control

Figure 40 illustrates the general approach to be used for reactor

building control following an abnormal transient.
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The following is a brief discussion of Figure 40.

Abnormal Transients Which Change the Reactor Building Internal

Environment.

The first block on Figure 40 refers to the abnormal transients which

change the reactor building environment.

Reactor building control is required at all times, especially for
reactor building conditions following a LOCA or steam/feedline break.
Of these events the LOCA imposes the most difficult problems; a LOCA
can result in.releases of radioactive material, Hpy, and acidic water
(boric acid) but a steam or feed line break can only release steam
and water (if no SG tube rupture). However, small amounts of radia-
tion existing in the reactor building prior to the secondary system
breaks can be released; the effects are expected to be negligible
(uﬁless a steamline break causes a SG tube leak). Either event can
cause equipment damage and require repair prior to placing the plant

back into service.

Foilowing the ATOG instructions, the operator maintains adequate core
cooling and then ensures RB control. Adequately cooling the core
will limit the Hp and radiation levels in the reactor building. Loss

of core cooling (ICC) will aggravate the ability to control the
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reactor building and can require more drastic actions than would
otherwise be required. In fact, if ICC occurs the emphasis on
reactor building control will become greater because of the greater

potential of radiation release and the necessity for wusing the

reactor building for subsequent core cooling. .

First Line of Action - Limit Radiation Release by Assuring the

Reactor Building Leak Paths are Sealed

The second block shows the firgt line of defense against radiation

release. At_:t:eption should be devoted to isolation of leak paths

that: .

- should be normally closed but may nof be (for example; the reactor
building purge line

- could be isolated early by the operator before the setpoints are
reached which initia;e automatic actions, e.g., reactor building
normal sump

- paths that can transfer liquid reactor coolant to the auxilib

building.

Conversely, paths that should remain open are those needed for core

cooling or reactor building control; for example, cooling water

should be available for operating reactor coolant pumps.
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The need to take action for reactor building isolation is based on

the following symptoms:

- High reactor building pressure
. - Reactor coolant system pressure (indicates a LOCA)

- High reactor building radiation

The principal reason for use of radiation as a symptom is that it is
possible to have high radiation without high building pressure or low

reactor coolant pressure.

‘ Confirmation that 1isolation 1is effective 1is provided by valve

operator lights.

In addition to isolating the reactor building penetrations, the pene-
tration ventilation system will need to be started on high reactor
building pressure. This function is for controlled removal of any
leakage into the penetration room via the penetrations. If a high
. reactor building pressure 1is not reached the penetration room
ventilation system should not be started because it causes a vacuum
in the penetration room which will draw the radioactive gases out of

the reactor building.
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Second Line of Action - Control Reactor Building Internal Environment

to Protect the Reactor Building

The next line of defense is preservation of the reactor building
integrity. This requires preventing the pressure from exceeding t
reactor building design pressure. Pressure can be high within ’
containment for two reasons:

- the mass and energy from the break increases the pressure.

- hydrogen burning will increase the pressure.

To reduce pressure caused by mass and energy, building coolers and

sprays should be used. Purging to remove hydrogen 1is écceptal‘

provided the reactor building radiation level is low; as an
alternate, hydrogen flammability can be surpressed by containment

sprays.

Third Line of Action - Eliminate or Reduce the Cause for the Change

The next line of defense is to eliminate or reduce the cause of the

in the Reactor Building Internal Environment

change in the reactor building environment to:

- minimize the continued radiation release to the reactor building

- minimize the continued mass and energy release

- minimize hydrogen release to the reactor building
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To minimize the amount of radiation and hydrogen released to the
reactor building continued core cooling 1s required; and, if
possible, the leak to the reactor building should be isclated. The
symptoms for core <cooling are discussed elsewhere in these

guidelines.

Increased core cooling via the secondary system or LPI will reduce

the amount of energy released to the reactor building.

If a steam or feedline break has occurred, isolating feedwater to the
bad SG will also stop mass and energy release to the reactor build-
ing. This is performed in Part I followup actions for excessive heat

transfer.

Fourth Line of Action - Control Reactor Building Internal Eavironment

to Protect RCS Heat Removal Equipment and Instrumentation and Reactor

Building Environment Control Equipment and Instrumentation

The fourth line of defense is to.limit radiation release by pro-
tecting the reactor building control equipment and protecting the RCS
heat removal equipment. This is done by a variety of activities,
including continuing the actions to control radiation, building
pressure, temperature, hydrogen, and controlling reactor building
isolation valves on lines thst supply services to equipment in the
containment (i.e., RC pumps and letdown cooler cooling water). Some

additional actions are needed:
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- cControl sump water level to prevent flooding of useful equipment
(such as decay heat drop line valves, instrumentation connec-
tions, RC pumps, RC ventilation ducts)

- Control sump water level to ensure that LOCA recirculation can
occur ' » .

- Control sump water éhemistry (acid) to limit corrosive effects,
especially stress corrosion

-~ Control building spray into the reactor building to avoid un-

necessary contact with operating equipment.

Control of the sump water level is important, but must be viewed in
perspective. There must be a sufficient height to permit ECCS rec.
culation, but the wupper limit is sofnewhat dependent on the post
accident situation. An upper limit is used to prevent flooding of
equipment that could be used to mitigate the accident; for example
the decay heat d;:'op' line valves can be used to establish decay heat
removal. But if the post accident sump water is very radioactive it
may be better to avoid recirculating fluid. 1In this case the "upp
limit" can be higher than the elevation of the decay heat valves. .

single "fixed" limit exists.

To limit water level accumulation the following actions should be

considered (as appropriate):
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- Limit or isolate unwanted leakage into the reactor building from
all sources if possible; possible sources are:

- Reactor building cooler cooling water

- Component cooling water to RC pumps, letdown coolers

. - Secondary side leaks

- Primary side leaks (LOCA)

Control of sump water pH is performed by adding NAOH. The symptom to

monitor is pH. The acceptable pH range is between 7.0 and 8.0.

Reduction of the amount of radioactive material in the reactor build-
. ing atmo_spherev limits the amount of radioactivg material that can be
released offsite. Cooling and condensing steam with the building
coolers will help this, and if very high radiation levels are reached
sprays can be used. Both actions will deposit much of the particu-
late matter and iodine in the sump; noble gases will not be affected

significantly.

| . 2.2 General Back-Up Actions to Limit Radiation Release

Two conditions can exist for which special back-up actions are re-
quired:
- Loss of reactor building integrity

‘ - Loss of equipment needed for reactor building control
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Reactor building i‘ntegrity can be lost for several general reasons:

- Failure to isolate penetrations that permit a direct link be-
tween the reactor building atmosphere and the site (air to air
penétrations). .

- Failure to isolate penetrations that permit a transfer of
radiocactive liquid .from the reactor building to the auxiliary
building and then to the site.

- Failure of the reactor building structure, although highly
improbable, could be' caus;ed by high pressure due to mass and
energy release, Hy burning, external or internal missiles, or
even extensive core melting (Note: This failure is no.
covered in this discussion; natibnal studies in this area have

not been completed and little information is known).

Generally, the single best symptom to determine reactor building in-

tegrity is offsite radiation levels. General actions to take for

radiation release control are: ‘

- Isolate penetration if possible
- Reduce reactor building pressure as fast as possible to reduce

the driving force for leakage; use of reactor building sprays

to remove radioactivity and pressure is required.
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2.3.1 Diagnosis

Specific

parameters are monitored

that will indicate the po-~

tential for excessive radiation release from the reactor build-
ing. These parameters are:

- Reactor building radiation

- Reactor building pressure

- RC pressure

Each of the three conditions listed above relate to a potential

release of radioactive material as follows:

1. High radiation - if the radiation level in the reactor
building is too high then any gas or liquid leaking from
the reactor building may contain excessive radiation per
volume of leakage. Therefore, a small amount of leakage

can give a large release of radioactive material.

2, High reactor building pressure - the reactor building pres-
sure is the driving force which pushes the radioactive
gases and liquids out of the reactor building. Conse-
quently, as the reactor building pressure increases, the

leak rate of radioactive materials will tend to increase.
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3. Low reactor coolant pressure - a low reactor coolant pres- ‘
sure indicates a possible LOCA. The LOCA 1is the one
abnormal transient which, as it releases a large amount of
energy and radiation to the reactor building, can cause
both a high reactor building radiation condition and a hi’
reactor buildihg pressure condition. This combination o
high radiation and high pressure can result in an excessive

radiation release.

If these parameters exceed the values specified in Table 7, the

potential for too much radiation release exists and control

actions should be made. . ‘

2.3.2 Isolate Penetrations of Non-Safety Fluid Systems Used in Power

OReration

Following an abnormal transient which releases radioactive mater-
ial into the reactor building, all reactor building penetr
tions (except those needed for safety functions) should l’
isolated or sealed to attenuate leakage of radioactive materials
from the reactor building. These penetrations include fluid
system piping, electrical wires and access openings. Most of
these penetrations are isolated or sealed before going to power
operation. The only penetrations not isolated or sealed at‘

those for non-safety fluid systems used in power operation
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(e.g. reactor coolant letdown) or for safety fluid systems (e.g.
cooling water to the reactor building coolers). Except for the
penetrations of safety fluid systems, these penetrations need to

be isolated whenever the potential exists for leaking radio-

. active material from the reactor building.

The penetrations of non-safety fluid systems used in power opera-
tions (listed in Table 9) should be isolated if any of the three
control parameters exceed their limit (with the exception of two

penetrations to be discussed later).

. The .reactolr building isolation system monitors the reactor build-
ing pressure and reactor coolant system pressure. It does not
monitor reactor building radiation. The isolation system will
automatically 1isolate the penetrations of non-safety fluid
systems if the high reactor building pressure or low reactor
coolant system pressure limits are reached. If the high reactor
building radiation limit is reached (without high building pres-

. sure or low RCS pressure) or the isolation system fails to
operate automatically, the operator must manually initiate pene-

tration isolation.

‘ These are the penetrations for the component cooling water

|

|

| As stated earlier two penetrations are treated differently.
| .

| system and the low pressure service water to the reactor coolant
|

DATE: 3-23-82 PAGE 190




BWNP-20007 (6-76)

BABCOCK & WILCOX NUMBER

NUCLEAR POWER GENERATION DIVISION

TECHNICAL DOCUMENT 76-1123298-00. |

pump motors. These are isolated automatically only on high reactor
building pressure. These two systems provide cooling water to the
RC pumps vmotors and the letdown cooler. This equipment is
important in the mitigation of abnormal tranmsients. Therefore,
this equipment -should remain operational as long as possibl
cooling water should be re-established unless it 1is known that’
large LOCA has occurred, inl which case RCP operation will not be

required.

These two systems do not pose a path for radiation release from the
reactor building space; they do not carry radioactive fluid and
they operate' at a pressure which is higher than the pressure t.
reactor building would reach during an abnormal transient.
Consequently, radiation would not be expected ‘t:o flow from the
reactor building to the the fluid system and out the penetration to

the environment.

However, these systems could leak unborated water into the reacto
building. This leakage would be undesirable for a large LOCA whi’
depends on reactor building emergency sump water for recirculation
cooling of the core, because the leaking water would go to the
reactor building emergency sump and dilute the boron concentration
of the water leaking from the RCS. The large LOCA releases a large

amount of energy and it is possible that this energy could cause a I
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break in a LPSW or CC water line. Therefore, these lines should
not be unisolated if a large LOCA has occurred. For smaller LOCAs,
caution should be exercised in reopening the lines. The CCW surge
tank level should be monitored and, if it drops abruptly, CCW
should be reisolated. No surge tank or flow indications are
available for the LPSW lines to the RCP air and bearing coolers.
However, a rupture of these lines may cause a reduction in flow

through the RB coolers which can be monitored.

The control actions discussed above are summarized in Table 7.
Most of these mitigating actions are accomplished automatically by
the ES.systém. Since it is possible that high RB radiation could
occur before ES actuation on high RB pressure, operator action may

be needed.

Control With Equipment Failure

If the ES system fails to auto isolate the penetrations, the

operator should manually isolate the penetrations.

If an automtic isolation valve does not close, the operator should
check its redundant isolation valve to see it if has automatically
closed. If at least one valve has closed for each reactor building

penetration, then no other immediate action is required. If both
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valves on a penetration fail to close then the operator should
try individual remote operation of one or both or the redundant
isolatioﬁ valves. If neither valve will close remote attempts.
should be made to locally close the isolation valve outside the
reactor building. This may not be possible if radiation lev

are too high. If the failed isolation valve can be locally
reached and still cahnotlbe closed, a determination should be
made of what caused the valve_ inside the reactor building to
fail open and then attempt to correct the problem and close the

valve.

1f neither of the redundant isolation valves closed, then foll‘
the system out from the penetration to the next set of valves

and close them.

2.3.3 Selectively Operate Penetration Isolation Valves

If all the operator wanted to do was to prevent leakage from t
reactor building he would simply close all penetration isolat,
valves (both non-safety and safety penetrations). However, dur-
ing and after abnormal transients, the operator will need to use
some of the fluid systems which pass through these penetrations
to maintain core cooling and to control the reactor building en-
vironment. Consequently, the operator will have to selective'

operate the reactor building isolation valves as he chooses

. ‘ E
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between the need for reactor building isolation and fluid system

operations. The decision to open the valves should be

accompanied by a judgement of consequences (e.g. the penetration
path cannot be reclosed).

‘ The penetrations the operator needs to manipulate can be divided
into two groups as follows:

a. The penetrations of non-safety fluid systems used during
power operation. These are the penetrations which close
automatically on high reactor building pressure. They are
for the fluid systems which are not considered to perform

‘ . safety functions. These are listed in Table 9.

b. The penetration of safety fluid systems.

-~ DHRS suction line

Reactor building emergency sump
- High pressure injection
- Seal injection
- Low pressure injection
. - Auxiliary feedwater
- Main steam line
- Main feedwater line

- Reactor building spray

- LPSW to reactor building coolers
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Operating Penetrations of Non Safety Fluid Systems

When the penetrations for non-safety fluid systems are isolated,
the operator needs to be aware of what is affected so that he
can make appropriate compensation. For example: following
large steam line break inside the reactor building the RC puu’
will be manually tripped ;n loss of subcooling margin. The LPSW
and Component Cooling to the pumps and motors will be lost by
reactor building isolation on high reactor building pressure.
When the subcooling margin’is returned in the RCS, RC pumps may
be res;arted. However, they cannot bée restarted until LPSW,
Component -Cooling and seal return are reestablished ﬁo the‘
pumps and motors. In the same scenario, the component cooling
water has to be reestablished to the letdown coolers before
letdown flow is reestablished for RC inventory control and boron

measurements,

Operating Penetrations of Safety Fluid Systems I

The penetrations of safety systems may either be open or closed
depending on the safety function. If the safety function is

required immediately following an abnormal transient the isola-

tion valves will be automatically opened.
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Some of these isolation valves (e.g. HPI) remain open during
power operation, but they still have the automatic valve opening

feature just in case the valve happens to be closed.

’ I1f the safety function is not required immediately following an
abnormal transient, the isolation valve may need to be manually

opened. (i.e. emergency reactor building sump valves).

There are many reasons for operating these safety system

penetration isolation valves. Some of these are as follows:

‘ The reactor building emergency sump valves need to be opened
following a large LOCA to provide core recirculation flow with

the LPI system.
The DHRS suction valves are opened to provide long term cooling.

The LPSW penetration valves supplying cooling water to the
’ reactor building fans remain open following a transient requir-
ing reactor building isolation. Reactor building cooler isola-
tion valves exist but require operator action to close. Sepa-
rate 1isolation valves are provided for each cooler. These
valves are used to isolate .cooling water to a cooler should the
cooler develop a leak. The LPSW 1is not borated, thus any

. leakage from the cooler would dilute any borated water collected
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in the sump after a LOCA. Therefore, to prevent boron
dilution of the reactor building sump water, the LPSW to the
leakiné cooler must be isolated. The LPSW flow to and from
each cooler is measured. A leak is indicated if the LPSW flow

to a cooler is more than the LPSW flow from the cooler. ‘

If a steam leak occurs inside the reactor building, the
operator needs to stop feedwater flow to the 1leaking SG to
prevent excessive mass and energy release to the reactor
building. Although the s't:eam leak can cause reactor building
isolation on high pressure, the reactor building does not
become Afilled with radioactive fluid as with a LOC.
Consequently, reactor building isolation does not carry the

same significance that it does for a LOCA.

The main feed-water, auxiliary feedwater, and steam pipes pene-
trate the reactof building and therefore need to be con;sidered

in preventing radiation release from the reactor buildin
However, they will not be discussed in this chapter on React’
Building Control. These systems provide the major method of
reactor coolant heat removal; therefore, control of these pene-
trations is discussed in other sections of these guidleines

along with core heat removal.

The HPI and LPI line isolation valves remain open for pos’

accident high pressure injection and low pressure injection.
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The cooling water to the quench tank should be reopened if
PORV or safety valve release causes the quench tank

temperatures to increase.

‘ 2.3.4 Penetration Room Ventilation System Control

Most of the reactor building penetrations exit the reactor
building through the penetration room. The most likely
passage for reactor building leakage 1is through these
penetrations even when they are isolated or sealed. The =

design assumption is that the penetration leakage into the =

‘ penetration room will be 50% of the total reactor building
leakage. The penetration room has a ventilation system to
control this leakage. The ventilation system takes this

leakage, dilutes it with outside air, then passes it through
filters to remove radioactive materials and then sends it up

the vent stack for maximum atmospheric dispersion.

' This penetration room ventilation system starts automatically
on high reactor building pressure because the high pressure is

the driving force causing leakage.

The penetration room ventilation system should be started only
on high reactor building pressure as shown in Table 8. The

‘ penetration room ventilation system should not be started on

high reactor building radiation or low RC pressure because the
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penetration room ventilation system may needlessly pull radia-
tion out of the reactor. building because of the vacuum it
produces in the penetration room. For a high reactor building
pressure condition the contents of the reactor building can
leak through the penetrations into the penetration room.

amount of radiation leaking to the penetration room may be
significant and should be controlled by filtering the leakage

and releasing it via the vent stack.

Control With Equipment Failure

For a failure of the ES system to auto start the penetrat‘
room ventilation system, the operator should manually initiate

the system.

If the pénet‘ration room ventilation system fails to operate,
the operator should attempt to start the small reactor
building purge fan taking suction from the atmosphere :
blowing to the vent stack and assure that the penetration rc,
ventilation system valves are open. The purge fan flow up the
stack will tend to create an exhaust flow from the penetration

room to the vent stack while diluting any gas flow from the

penetration room.
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2.4

Follow-up action  should include determining  why the
penetration room system failed to operate and make appropriate

repair.

Details of Reactor Building Internal Environment Control

As mentioned in Section 1.0 controlling the reactor building
internal environment is one of the two general requirements

for reactor building control.

After an abnormal transient, the environment inside the
reactdr.building can become harsh enough to cause failures of
equipment and structures. The reactor building environment
needs to be controlled to reduce and hopefully eliminate
failures of equipment and structures (including failure of the
reactor building) required to control the harsh environment
itself and to control core heat removal. Reactor building
control requires controlling the following to bring them
within acceptable limits.

a. Reactor building pressure and temperature control

b. Reactor building hydrogen control

c. Reactor building emergency sump chemistry control

d. Reactor building radiation control

e. Reactor building emergency sump level control.

Control of each of these will now be discussed in more detail.
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2.4.1 Reactor Building Pressure and Temperature Control

|
These two parameters (temperature and pressure) are coupled to- ‘
gether, e.g., 1f the temperature is reduced the pressure will
also be reduced and vice versa. Therefore, control of the‘

two parameters is discussed together as follows:

The reactor building pressure and temperature must be reduced
to:
a. Prevent exceeding the design pressure and temperature of
the reactor builciing.
b. Redt;tce the driving force for reactor building leakage. .

¢. Prevent equipment damage.

The reactor building design limits for pressure and tempera-
ture should - not be exceeded to prevent damaging equipment
inside the reactor building. Reducing the reactor building

pressure also reduces the driving force for leakage ‘

radioactive materials.
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2.4.1.1 Diagnosis Method

The operator diagnoses the potential for exceeding the reactor

building design limits by monitoring the following parameters:

. - reactor building pressure

~ reactor building temperature

If either of these parameters exceed the limits given in Table
8, then the potential for increased 1leakage and thermal
effects on operating equipment exists. The possibility of

exceeding the reactor building design limits also exists.
2.4.1.2 Control

If the high reactor building pressure (4 psig) or temperature
(130 F) 1limit is reached, the three reactor building coolers
should be started with maximum LPSW flow to the coolers. If
the 4 psig high reactor building pressure limit is reached,
. the fan speed should be switched to low in anticipation of
reaching 10 psig and the dense air caused by this higher pres-

sure,

If the high reactor building pressure limit is reached, the ES

. system will automatically:
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a. start the three reactor building fans (if not already on)
b. switch all fans to low.speed

c. fully open the LPSW supply valve to each cooler.

No automatic actions are made if the high reactor buildj
temperature limit 1is reached. If the reactor building
pressure exceeds the 4 psig high reactor building pressure
limit, but the pressure will not exceed the 10 psig high high
reactor building pressure limit (e.g. the reactor building
pressure is decreasiqg) then two fans can be put onbhigh speed
to reduce the reactor building pressure more quickly. Like-
wise, if the reactor building pressure did exceed 10 psig t‘
has dropped back below 10 psig two fans can be put into high
speed. The operator should also try to reduce the amount of

energy being released to the reactor building by:

1. Assuring that no feedwater 1is being added to a steam
generator which has a break inside the reactor building.

2. Increase the heat removal by the LPI cooler. (if in opera-

tion) ‘
3. Increase the heat removal by the steam generators. (1%
possible)
4. Isolate any break in the RCS if possible

The objective is to reduce the reactor building pressure and
temperature below 4 psig and (by Oconee) respectively (lower

if possible) and maintain the parameters below these values. .
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Reactor Building (RB) Pressure Rule

Whenever RB pressure> 4 psig:
a. Isolate all automatic RB isolation valves

b. Start all RB coolers

. c. Start RB penetration room ventilation system

Whenever RB pressure> 10 psig:
a. Start both RB sprays systems

b. Put all RB coolers fans in low speed

Reactor Building (RB) Temperature Rule

. Whenever the average RB Temperature > 130 F

a. Start all RB coolers
Whenever the average RB temperature > (By Ogonee)

a. Start all RB spray systems.

Control With Equipment Failures

' The primary method of reducing the reactor building pressure

and temperature is with the reactor building coolers. If the

pressure below 10 psig or the reactor building temperature is
going to exceed the reactor building design temperature, a
backup cooling method should be considered. The backup method

‘ is the reactor building spray system. This operation should

reactor building coolers fail to keep the reactor building
|
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be automatic by the ES on high building pressure of 10 psig.
However, manual initiation should be made if the ES does not
auto actuate the reactor building spray systems or if the
reactor building high high temperature limit is reached (i.e.,

without a high reactor building pressure actuation). .

The reactor building spray can be secured after the reactor
building pressure and temperature are reduced to 4 psig and

(by Oconee).

If the reactor building coolers or reactor building spray fail
to operate, determine the cause of failure so that repairs‘

be made and the systems put back into operation. The system

auxjliary diagrams can help in this area.

The opefator should concentrate on maintaining adequafe core
cooling to keep down the reactor building pressure. Ambient
heat losses from the reactor building will inherently asgg

pressure reduction but the effect is small and cannot‘
expected to mitigate pressure increases caused by rapid energy
releases. Following a LOCA the reactor building pressure will
probably not reach the design pressure limit with failure of

all reactor building coolers and sprays as long as the

operator maintains adequate core cooling. ‘
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2.4.2.

The operator should not attempt to reduce reactor building
pressure by opening the reactor building purge valves. The
valves may not operate at high pressure and if they do, they
may fail open which would release 1large quantities of
radioactive material after a LOCA., A steam line break does
not release much radiation, however, a steam line break should
not increase the pressure enough to reach the design pressure
limit, so there would not bg a need to open the purge valve

after a steam line break.

After a steam or feed line break the reactor building pressure
cannot reach the design pressuré limit with failure of the
coolers and spray if the operator prompgly isolates feedwater
flow to the bad generator. However, the design temperature
limit might be exceeded for a steam line break because the
steam 1is superheated. The superheated steam release will
cause the temperature to go unproportionally high compared to

the reactor building pressure.

Hydrogen Control

The hydrogen concentration is controlled to limit hydrogen

burn in order to prevent:

a. Equipment damage within the reactor building

b. Structural damage to the reactor building or penetrations.
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2.4.2.1

2.4.2.2

Diagnosis Method

The reactor building hydrogen concentration should be periodi-
cally analyzed following a LOCA to determine the rate of hydro-
gen build up in the reactor building. The sample frequency
should be (later). The reactor building atmosphere should b.
as close as possiBle to homogeneously mixed prior to sampling;
Following a LOCA, several hours are required to get a homo-
geneous mixture with the reactor building fans running. There-
fore, immediately after a LOCA has been detected by high

reactor building radiation the reactor building fans should

all be started and run continously.
|
Control |

Hydrogen is controlled to keep the concentration below the
value at .whi&:h hydrogen burns. Hydrogen control is aécom-
plished in two ways. First, local pockets of hydrogen con-
centration are eliminated by wusing the reactor buildin
cooling fans to mix the air and vapor contents of the reactoi’
building. This will disperse any local concentration of hy-
drogen and create a homogeneous mixture for sampling and
purging the hydrogen in the reactor building. A valid indica-
tion of thel hydrogen concentration cannot be made unless the
hydrogen is evenly dispersed throughout the reactor building‘

Several hours are required to evenly mix the hydrogen. There-

fore, the reactor building fans should be started as soon as a
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LOCA is suspected i.e. when high radiation appears in the

reactor building.

If a high reactor building radiation limit is reached, fuel
. failure is possible which would cause high volumes of hydrogen
from Zr-water reaction. To mix up the atmosphere all reactor
building fans should be operated even if the reactor building
pressure and temperature conditions do not warrant fan opera-
tion. Even if cooling water is not available to the RB
coolers, the fans should be operated to mix the reactor

building atmosphere.

When the average hydrogen concentration reaches 3.5%, the
hydrogen purge system should be used to prevent the hydrogen
concentration from accumulating above this value by removing
hydrogen from the reactor building. However the hydrogen
should not be purged if the reactor building radiation is
above the high-high limit (see Table 8) because this will
' cause an excessive radiation release from the reactor

building.

Reactor Building (RB) Hydrogen Rule

Whenever RB Hydrogen concentration > 3.5 volZ start hydrogen

purge if RB radiation < (By Oconee)
. Whenever RB Hydrogen concentration >4.0 volZ start all RB

spray systems
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Control with Equipment Failures

If the hydrogen purge system cannot keep the reactor building
hydrogen concentration below 4.0 vol%, the reactor building
spray should be turned on. The spray water droplets tend to
suppress the burning of hydrogen; therefore, the probabil

of ignition will be reduced. The spray droplets will also
suppress burning if ignition occurs and help remove the heat
from a hydrogen burn. The spray should be stopped when the
concentration returns to < 3.5% (if the reactor building
pressure is also wi;hin fits limits). .Also, if the hydrogen
concentration exceeds 4.0 vol%Z the reactor building pressure
should be maintained as low as possible. This ié beca.
hydrogen burning will cause a sudden pressure spike and this
pressure spike will be added onto any pressure existing in the

reactor building. The objective 1is to keep this overall

pressure below the reactor building design pressure.

Zircaloy-water reaction can be a major contributor to ’
overall hydrogen concentration. This contributor can be m
negligible by assuring adequate core cooling. Therefore, it

is very important to maintain core cooling to reduce this

source of hydrogen.
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2.4.3

2.4.3.1

If the reactor building cooler fans cannot be started, the
reactor building recirculation vent and CRDM fans should be

run to mix the reactor building gases.

Emergency Sump Chemistry Control

The reactor building emergency sump water boron concentration
following a LOCA should not be diluted. This is to assure the
recirculation water has sufficient boron to maintain the core
subcritical. Boron dilution can be caused if a fluid system
leaks non-borated water to the reactor building sump such as a
main feédwater leak or a leak iﬁ a reactor building cooler.
If this occurs the source of non-borated water should be
isolated. Boron precipitation can also cause a loss of boron
(i.e. core boiling distilling RC). The operator should take
appropriate actions to prevent boron precipitation as

discussed in Appendix F.

Diagnosis Method

The reactor building emergency sump water pH and boron
concentration are measured after a LOCA by taking a sample

from the LPI recirculation flow.
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2.4.3.2

Control Method

pH

The reactor building sump water following a LOCA will

acidic due to the large amount of boron. The pH should be
increased to at least a‘ pH of 7.0 (between 7.0 and 8.0) to
reduce stress corrosion cra;king and other adverse chemical
effects. The pH can be 1increased by adding NaOH to the
emergency sump water via ‘t:he LPI recirculation line 30 minutes

after switching to recirculation flow.
Boron

If the reactor building emergency sump boron concentration is
low the c;per'ator should attempt to locate the cause. vSuch
possibilities are boron precipitation in the RbS or
non-borated fluid systems leaking into the RCS, i.e.: .
® reactor building cooler cooling water leak

® Main or auxiliary feedwater leak

™ Steam line leak

If the low boron concentration limit is reached, borated water

-must be added to bring the sump boron concentration back abov'

the low concentration limit.
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2.4.4 Reactor Building Radiation Control

The primary objective of reactor building radiation control is
to keep the radiocactive materials which leak from the RCS out
. of the atmosphere and in the reactor building sump. When
opening reactor building isolation valves or removing ;ny
building sump water, care should be taken to prevent any

radiation releases to the environment.

The best way to limit the amount of radiation in the reactor

building is to assure adequate core cooling.

2.4.4.1 Diagnosis Method

| The reactor building radiation level is monitored. If it
exceeds the limits in Table 8, the following control actions

|
are taken.

. 2.4.4.2 Control Method

If the high reactor building radiation level is reached, start

all reactor building cooler fans at the maximum speed allowed
by reactor building pressure. This will lead to a homogeneous
reactor building atmosphere which will lower the reactor build~
‘ ing dome radiation to reduce radiation emitting from the

reactor
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2.4.5

building and condense the reactor building steam to get radio-

active materials into the sump water.

If the high-high reactor building radiation level is reached,
hydrogen purging must be stopped if in progress. The operato.
must also check for inadequate core cooling and take
appropriate action for core cooling as outlined in the ICC

section.

Reactor Building (RB) Radiation Rule

Whenever RB radition >(By Oconee):

a. Isoiate all automatic RB isolation valves except LPSW
RC motors and CCW

b. Start all RB coolers

Whenever RB radiationz;(BY Oconee) stop hydrogen purge

Reactor Building Emergency Sump Level

The sump water level should be maintained high enough for LP
(HPI) or reactor building spray recirculation flow, but not s
high that it submerges equipment important to core heat re-
moval or reactor building control. If the water level is too
low, more borated water should be added. If it becomes too
high consiaeration of lowering sump level should be made de-
pending on the core cooling method being used (sump recircula-‘

tion or DHR). The amount of radiation in the sump must also
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2.4.5.1

2.4.5.2

be considered before attempting to remove any of the sump

water.

Diagnosis Method

The reactor building emergency sump level should be measured
and kept between the values shown in Table 8. Exceeding the
maximum level must be avoided at all times (if possible) to

prevent submerging equipment and instrumentation.

The level must be kept above the low level limit whenever the

reactor building sprays or LPI are in the recirculation mode.

Control Method

High reactor building emergency sump level - If the sump water
radiation level of the reactor building sump is less than
specified in Table 8, the excess sump water may be drained
from the reactor building using either the normal sump drain
or emergency sump drain. The operator should also check for
other fluid systems leaking into the sump and attempt to
isolate them. These could be:

- reactor building cooler cooling water

- Main or emergency feedwater
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- Component cooling water

- Steam line.

Low reactor building emergency sump water level - borated water
should be added to the reactor building sump through the HPI o.

LPI flow.

The operator should check for a steam generator tube rupture or
some other possible source of water loss such as inadvertent
pumping or draining from the sump or break in LPI or spray

recirculation line.




BWNP-20007 (6-76)

BABCOCK & WILCOX NUMBER

NUCLEAR POWER GENERATION DIVISION

'Tzcumcu DOCUMENT 76-1123298-00

3.0 USING REACTOR BUIDLING CONTROL EQUIPMENT
3.1 Reactor Building Coolers
. To maximize the cooling ability of the reactor building coolers

the cooling water supply valves should be fully opened and the fan

speed should as high as possible.

Reactor Building Cooler Fan Speed Guideline

1. Whenever the RB pressure exceeds 4 psig and is increasing, the
: RB fan speed should be put in low in anticipation of the RB

° pressure exceeding 10 psig.
2. Whenever the RB pressure is below 10 psig, two RB fans can be

put in high speed to increase cooling and mixing.

Restrictions exist on the operation of the reactor building cooler
fans to prevent the motors from tripping on motor overload. The
fans have two speeds. Whether or not a fan can be operated in
. high speed depends on the reactor building pressure and the number
of other fans already operating in high speed. As the reactor
building pressure 1increases, the atmosphere of the reactor
building becomes more dense. The denser gas causes the fan motors
to work harder and possibly trip on overload. Therefore, the fans
‘ should not be operated in high speed above a 10 psig reactor

building pressure.
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3.2

The fans blow into air ducts and these ducts restrict the air
flow. The greater the air flow the larger the restriction and the
more the fan motors have to work. With all three reactor building
fans operating, the motor load 1is large enough to cause a fan
motor to trip on motor overload. Therefore, no more than two fa.

should be operated in high speed.

Starting fan motors and changing the fan motor speed also cause
the motors to heatup. Therefore, the number of starts and speed

changes must be limited.

The restrictions on the fan operation are: ’

1. When the reactor building pressure is < 10 psig a maximum of
two fans should be operated at high speed.

2. When the reactor building pressure is > 10 psig each fan must
be Operatéd in low speed. |

3 Each fan is allowed one fan start or two fan speed changes per

hour. .

Reactor Building Spray

The reactor building spray system takes suction from the same
source as the LPI system. Consequently, when the LPI is switched
from the BWST to the reactor building emergency sump, the reactc'

building spray will also be switched. Likewise, if the operator
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does not switch the LPI to the reactor building emergency sump on
low BWST level, both LPI flow and reactor building spray flow will
be lost. Following a LOCA, the reactor building sump water tem-
perature will approximate the saturation temperature of the reac-
tor building. The reactor building spray pumps will take suction
from this water source as do the LPI pumps. This water will pro-
vide reactor building cooling as it is sprayed into the reactor
building. However, the reactor building spray cooling ability can
be increased by taking partial suction from the LPI recirculation
flow downstream of the LPI coolers. This will provide subcooled
water to the reactor building spray hgader. Two valves, LP-15 and
LP-16, can Se opened downstream of the LPI coolers to divert part
of the cooled recirculation water to the reactor building spray
pumps while the spray pumps continue to take suction from the

reactor building sump.

The reactor building spray can be detrimental to equipment located
inside the reactor building. Therefore, its use should be limited
to between 10 psig increasing reactor building pressure (start
spray) and &4 psig decreasing reactor building pressure (stop
spray). To avoid dead heading a reactor building spray pump, the
minimum pump flow rate is 60 gpm. When drawing water from the
BWST the maximum pump flow rate is 1800 gpm to avoid reactor

building spray pump run out.
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When drawing water from the reactor building sump the maximum pump

flow rate is 1000 gpm to meet spray pump NPSH requirements.

Reactor building pressure switches are used to start the reactor
building spray. Therefore, the reactor building spray system wil.
still automatically start on high high reactor building pressure

if the reactor building pressure indicators fail.

3.3 Reactor Building Purge System

Do not attempt to reduce reactor building pressure by opening the
purge system valves. The purge system valves are not designed t‘ i
operate under accident conditions. They may not open, and if they

do open they could fail in the open position.

3.4 Reactor Building Hydrogen Sampling

A representative hydrogen sample probably can not be obtaine'
until after 3 hours of continuous reactor building cooler fan
operation. However, reactor building hydrogen samples should be

taken as soon after a LOCA as possible.
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3.5 Reactor Building Temperature Monitoring

The reactor building temperature should be determined by averaging

. the available temperature monitor indications.

3.6 Reactor Building Environmental Effects on Equipment and Instrumentation

The reactor building environment after a transient such as a LOCA

can be harsh causing equipment failures. Some equipment will be
more susceptible to failure than others. Even the equipment de-
° signed to withstand LOCA conditions can fail. Consequently,

equipment failures can be expected and willi tend to be more fre-
quent than during normal plant operation and because of the harsh
environment the equipment failures in the reactor building cannot
be repaired. Some of the factors contributing to the harsh reac-

tor building environment are described below:

. 1. High Pressure and Temperature

The energy released by a LOCA, steam line break or hydrogen

| burn can significantly increase reactor building pressure and
temperature. The hydrogen burn can be localized at the

equipment,
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2. Missiles and Steam/Water Jets

Breaks in the high pressure fluid systems can cause missiles

and steam/water jets which can damage equipment and instru-

Boric acid and NaOH are added to the reactor building. The

mentation.

3. 'Chemistrz

NaOH will tend to neutralize the boric acid but will also

react with aluminum to create hydrogen.

4., Radiation
High Radiation - primarily gamma - will be generated from LOC.
- water accumulated in the reactor building floor and steam and

gases in the atmosphere.

5. Reactor Building Flooding

The water level in the reactor building sump méy increase high

enough to submerge equipment. ‘

6. Humidity/Reactor Building Spray

This excessive water can cause electrical equipment to short

out.

Equipment failures include failure to operate on command and in-‘

correct equipment operation such as instrumentation indicating the
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wrong values. Therefore, where possible the operator should make
allowances for possible equipment failures. Most importantly,
instrument readings should be checked whenever possible by another

indication because of the possibility of erratic instrument

‘ readings.

3.7 Penetration Room Ventilation System

The penetration room ventilation system uses charcoal filters to
remove iodine isotopes. The charcoal will ignite when its tem-
perature reaches ‘about 660 F. This temperature could be reached
‘ if the charcoal filters have accumul.ated iodine isotopes and air
flow through the filter is lost. The decay lof the iodine isotopes
will generate heat and gradually heat up the charcoal filter to
ignition temperature. Should a fan stop running, the cross con-
nection between the two penetration room vent ducts should be

opened to allow cooling air through both filters.

‘ The heat up time of the charcoal filter is slow, e.g. ¥ 5 hours to
combustion under worst conditions. This should be sufficient time

to get air flow through the idle filter.

4.0 DISCUSSION OF SOME TRANSIENTS WHICH CHANGE THE REACTOR BUILDING
ENVIRONMENT
‘ The two abnormal transients having the greatest effect on the
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‘reactor building are the LOCA and the steam line break in the

reactor building. These two transients have been selected for a

discussion of how they, impact the reactor building.

LOCA : ‘

The LOCA changes the \reac'tor building condition wmore than the
steam line break does because, in addition to adding mass (water)
and energy, it can also add hydrogen and large amounts of radio-
active material. The amount of hydrogen will not be significant
unless core damage occufs. However, large amounts of radiation
will be reieased to the reactor building even if adeq.uate co.

cooling is maintained.

The following items will be discussed in relation to a LOCA:
- Reactor Building Pressure and Temperature
-  Hydrogen production

- Equipment failures

- Radiation release _ ‘

Reactor Building Pressure and Temperature Changes

A LOCA releases hot water to the reactor building. This hot water
flashes to steam and heats up the reactor building air. The steam

will expand, cool and depressurize. In contrast, the air will
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NUMBER

heat up and pressurize. The decreasing steam temperature and
increasing air temperature will come to equilibrium at a common
temperature. This temperature will determine the reactor building

pressure. The pressure will be the sum of the pressure due to air

‘ and the pressure due to the steam.

For example: If the final reactor building temperature is 200 F,

the corresponding pressure would be determined as follows:
Assume the initial air temperature 1is 100F (or 570R) at 0%

‘ psig (or™15 psia). The pressure due to air will increase

approximately as an ideal gas:

initial pressure x initial volume _ final pressure X final volume
initial temp. final temp.

1

relative humidity (R. H.), and the reactor building pressure is 0
|

|

‘ The final reactor building volume will be slightly less because of
‘ the water added to the reactor building sump, but Ffor this example
| ‘ no change will be assumed. The final air pressure will be:

|

\

\

initial press.

X final temp.
initial temp.

15 psia ¢ cenp =
570R

| ‘ 17.4 psia
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The final steam pressure will be Pg,. at 200F or 11.6 psia. The

total pressure will be 17.4 psia + 11.6 psia or 29.0 psia (14.0

psig).

For an initial reactor building average temperature of 110F th
total building pressure as a function of final temperatures is
shown in Fig. 32, Th>is figure was developed by repeating the
above example for various building final temperatures. One im-
portant -assumption is that sufficient water is added to raise the

reactor building relative humidity to 100%Z. This is true for a

The key point is that with an initial reactor building temperature

LOCA.

of 110F or above, the reactor building pressure for a given
temperature will not exceed that shown in Figure 32 (except for a

hydrogen burn which will be discussed later).

Large increases in reactor building temperature will not occur fo
small LOCAs such as a stuck open PORV. The rate of water an'
energy release will be so small that the pressure increase will
not be large. It may not even be high enough to reach the 4 psig
reactor building isolation setpoint. However, radiation will be

released to the reactor building and the RCS pressure may reach

the ES setpoint. .
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4.1.2 Hydrogen Generation

If the core is not adequately cooled, the major source of hydrogen
can be from Zr-water reaction. The hydrogen generation rate is

Q shown in Figure 33. The extent of the Zr-water reaction is con-
trolled by the ECCS perfonﬁance. The emergency core cooling equip-
ment is sized to limit the hot spot fuel temperature to 2200F or
less during a LOCA, thereby limiting the zirconium-water reaction
to less than one-tenth of one percent. Consequently, if the opera-
tor keeps the core adequately cooled Zr-water reaction will be an
insignificant source of hydrogen and the most significant source

’ of hy‘drogen' will be from the radiolytic decomposition of water
(mostly in the reactor building sump). Some chemically produced
hydrogen will also come from zinc-boric acid reaction (one pound
of zinc yield 5.5 SCF of Hg) and the initial hydrogen content

( “472 SCF) of the reactor coolant.

If the sources of radiolytic and chemical hydrogen are calcu-
‘ lated, a time dependent increase in hydrogen can be determined as
shown in Figure 34 (assuming a 1% Zr.-water reaction). For this
curve the hydrogen concentration in the reactor building reaches
the purge setpoint (3.5%) in 780 hours. The required purge flow
rate is a function of the hydrogen generation rate which decreases

with time. For Figure 34 the hydrogen purge rate starts at 12

‘ SCFM to keep the hydrogen concentration at 3.5%.
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If the water level drops to the point where significant amounts of
fuel are uncovered, large quantities of hydrogen gas can be gene-
rated very quickly by the metal-water reaction between the hot
Zircaloy and steam. The amount of hydrogen that was estimated to
be in the TMI-2 reactor coolant system is shown in Figure 35. I
can be seen that 173,000 SCF was ,generated in the period between ’
and 4 hours after the aécidént. At least 63,000 SCF was released
into the containment and burned_approximately 9 hrs. 50 minutes
after the accident causing a 28 psig pressure pulse inside the
reactor building. The remaining hydrogen was slowly removed from
the RCS over the next several days either by a combination of
venting thel pressurizer into the containment and degas.sing tb.
letdown flow in the makeup tank or by a small leak in the area of
the control rod drives. The hydrogen conceatration in the reactor
building subsequently reached: a maximum concentration of 2.3
volume percent.on'April 3rd (6 days after the accident). A 95 CFM
recomﬁiner operated frequently during the period of April 2nd to

May lst and slowly reduced the hydrogen concentration to about 0.8

percent. ) .

It can be seen that even if all of the plant's waste gas storage
tanks were empty, they could only accommodate a small fraction of
the hydrogen generated. Thus, the capability to vent these tanks

into the reactor building is highly desirable, especially if the
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vent stream could be passed through a recombiner. Other important
facts to be considered are:
1. The hydrogen in the reactor coolant system does not present an
explosive hazard, and if the RCS pressure is kept high, the
Q hydroggn occupies_ a relatively small volume (e.g., 173,000 SCF
= 2125 cu. ft. @ 220 psig and 450F) and should not interfere
with forced circul-atior; cooling; however, it can interfere
with natural circulation cooling if it blocks the top of the
hot legs. Adequate core cooling will prevent accumulation of

Hp in the RCS.

a 2. If all the hydrogen is vented to the reactor building too

rapidly, the potential for an explosion is quite high.

After a LOCA the reactor building fans should be on to mix the

reactor building atmosphere. This will probably take consi-

derable time. Figure 36 shows it took several hours to mix

the radioactive particles. This is also a good indication of
' how long it will take to mix Hj.

A hydrogen explosion will cause a rapid increase in reactor

building pressure which will be in addition to any pressure

of a Hy explosion on the reactor building pressure temperature

‘ curve following a LOCA.
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The radiolytic decomposition of water also adds oxygen to the
reactor building atmosphere but the amount is not large enough
to have any significant impact on the flammability limit for

the hydrogen.

Equipment Failures Inside the Reactor Building .

The harsh environment inside the reactor building can cause
equipment failures such as pressurizer heaters, radiation monitors

etc.

Failure of Radiation Monitors .

One of the TMI-2 area radiation monitors 1inside the reactor
building, the personnel hatch monitor, was removed during one of
the first poét-accident reactor building entries for anaiysis.
The results of thebanalysis showed that a rubber boot ‘on the
instrument's cable connector was not on securely; therefore, whe
the reactor building sprays were on, a drop of water causedb

short between two high voltage connections.

The TMI-2 dome monitor also failed. 'Failures that leave the indi-

cator needle on scale are particularly confusing because they
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often indicate believable values (e.g., TMI-2 dome monitor indicat-
ing a constant 40 R/h after about 2 months of decay, see Figure

37).

A similar problem arose during a different open PORV incident
caused by the loss of power to the non-nuclear instrumentation.
Since the power supply Qas a -10 V to +10 V system, the loss of
power produced O V, which corresponded to a mid-scale reading.

The mid-scale reading is usually very close to the normal reading
for that process variable, so the oper;fors have difficulty

identifying which instruments are functioning properly and which

have failed.

Behavior of Noble Gases and Iodine During A LOCA

Noble Gases Behavior

The noble gas nuclides - primarily Kr-85, Kr-88, Xe-131lm, Xe-133m,
and Xe-133 - will always follow the steam and/or coolant flow and
will accumulate wherever there is a gas phase, i.e., in the pres-
surizer steam space, in the makeup tank cover gas, or in the reac-
tor building atmosphere. A significant fraction of all noble gas
nuclides will be soluble in the reactor coolant while the system

is at a high pressure, but the gas will rapidly leave the liquid
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.phase upon depressurization. After 10 to 20 minutes at atmos-
pheric pressure, less than a few percent will remain in solution.
All noble gases are chemically inert, so there is no effective way
to remove them following a reactor accident other than to attempt
to contain them and wait for decay, which should take 60 to 76'
days. After this period, the remaining noble gas activity 1is so
small that it no longér presents a significant offsite radio-

logical risk.

Iodirle Behavior

The behavior of iodine nuclides - primarily I-132, 1I-133, am.
I-135 - is complicated by the fact that the iodine can exist in
several different chemical forms, each of which has somewhat |

different behavior characteristics.

Elemental iodine in a dry environment is very volatile at all tem-
peratures above room temperature. If water 1is present, the »
elemental iodine will quickly react with it in the followin,
manner:
> + -
I + HoO" H™ + I™ + HOI

3HOI~+ 3H* + 2I” + 103

e

The first of these reactions 1is very rapid; the second is much,

slower. There are several things to note about these reactions: ‘
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1. They produce H, which tends to make thé solution more acid, so
the reaction will proceed more rapidly if the solution is al-
kaline (basic).

2. 1If the reactions went to completion, there would be no iodine
activity in the gas phase; however, in most reactor environ-
ments some iodine (0.0l to 0.1%) is always detectable in the
gas phase. There -is speculation that HOI (which is called
hypoidous acid) is somewhat volatile, and since the HOI concen-
trations are so low, the second reaction proceeds very, very

slowly and does not go to completion.

Sodium hydroxide is added to the containment sump water. This
will increase the iodine removal rates when the spray is put on

recirculation flow because it raises the pH.

If elemental iodine (I) becomes airborne as a vapor, it can be

removed very quickly by the reactor building sprays. The removal

. half-time is approximately 2 to 3 minutes.

Charcoal filters on the penetration room ventilation system will
remove elemental iodine very effectively. The previous operating
history of the charcoal filters does affect the removal effecti-
veness to some degree, but in general the removal effectiveness

‘ remains high. Of course if gross condensation occurred in the

charcoal bed, the pore structure would become clogged with water
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and the absorption effectiveness of the charcoal would be de-

stroyed. (An important point to remember about charcoal is that

it acts to lower the vapor pressure of materials passing through

it

therefore, condensation could occur at relative humidities of

about 90%.) ‘ ‘

4,1.5 Reactor Building Radiation Monitoring During a LOCA

Figure 37 shows the dome monitor readings following the TMI-2

accident. Several interesting features are shown in this figure.

The largé dose rate reduction produced by the reactor>buildin‘
sprays.

The large increase in dose rate between March 29 and April 2
when the RCS was degassed by venting steam to the reactor |
building. | |

The increase in dose rate on April 6, when the waste gas tanks
were vented into the reactor building.

The series of linear decreases in dose rate indicating ex‘
ponential removal rates, which surprisingly did not relate to
radioactive decay but rather to other removal processes (e.g.,

the large decrease on or about May 1 seemed to relate to opera-
tion of the.reactor building coolers).

The constant dose rate, about 40 R/h, after May 15, which may‘

be anomalous and indicative of instrument failure.

DATE : 3-23-82 | PAGE 233
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Figure 36 shows the response of the reactor building dome monitor
following a February 26, 1980, transient. The detector is un-
shielded and thus showed the correct dose rate response relative
to the other detectors in the reactor building. There are several

important observations that can be made based on Figure 36:

1. The fuel handling bridge monitor was reading about a factor of
500 lower than the reactor building dome monitor. Apparently,
the hot steam and air carry the activity to the top of the
reactor building; thus, even though the bridge monitor and -
dome monitor are both exposed to large gas volumes in the
reactor building there 1is not enough mixing to prevent -
radiation dose rates being several orders of magnitude

different.

2. The reactor building incore instrument area monitor responded
to the decay of the N-16 activity immediately after reactor
trip, then eventually climbed to correspond to the dome
monitor reading. The decrease in both the dome monitor
reading and the reactor building incore instrument area
monitor reading corresponds to the mixing rate provided by the

reactor building fan-coolers.

DATE : 3-23-82 J | ' PAGE 234
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3. The core was properly cooled so that no core damage occurred.
However, the radioactive material released was great, causing

a significant change in the reactor building radiation monitor

The reactor buildings at both TMI-2 and the event in Figure 36 had

readings.

significant radiation concentration gradients for several hours
and therefore the assumption of a well mixed building atmosphere
cannot be justified on the basis of the fan-cooler operation until

several hours after a LOCA.

. ’ - N \‘
4.2 Steam Line Break : .

A steam line break releases mass (water) and energy as does the

LOCA. However, the amount released will be less as long as the
feedwater flow. to the broken SG is stopped early in the transient.
If not stopped the feedwater system will continually add feedwater
to the SG which will leak into the reactor building. Therefore
operator action for this transient is important in reducing the‘

affect to the reactor building.

A steam line break will release superheated steam to the reactor
building. The energy content of the steam is very high compared

to the water released. Consequently, when the reactor building ‘

DATE : 3-23-82 PAGE 235
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air is heated up and the steam is cooled, they will meet at a
temperature high enough to maintain superheated water in the

reactor building atmosphere.

. In other words, the reactor building atmosphere will not reach
100% relative humidity and the pressure temperature relationship
will tend to be like that ;hown in Figure 39, It will not follow
the reactor building pressure temperature curve as does the LOCA,
instead it will tend to be below and to the right of the pressure

temperature curve,

e If the reactor building spray 1is turned on, the pressure
temperature conditions will rapidly return to the reactor building
pressure temperature curve. The pressure will drop slightly but

the temperature will drop significantly.
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TABLE 7

SUMMARY OF REACTOR BUILDING ISOLATION CONTROL ACTIONS

PARAMETER LIMIT CONTROL ACTION o
High RB Pressure > 4 psig ~ Isolate all penetrations of non—safe.
fluid systems used in power operation.

- Start Penetration Room Ventilation

Syst_em.

Low RCS Pressure < 1550 psig - Isolate all penétrations of non-safety

fluid systems used in power

' \
operations except those for LPSW to ‘

RCP motors and CC water.
High RB Radiation | by Oconee - Isolate all penetrations of non-safety

fluid systems used in power

operations except those for LPSW to

RCP motors and CC water. .

*If a large LOCA does not exist, then

LPSW and CCW for the RCP's should not

be isolated.
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TABLE 8

LIMIT

CONTROL ACTION

Pressure

High RB

‘ Temperature

DATE :
3-23-82

> 4 psig

> 10 psig

>130F

\
‘ . /
SUMMARY OF REACTOR BUILDING INTERNAL ENVIRONMENT CONTROL ACTION
, PARAMETER
. High RB Pressure ‘
High high RB

Start 3 RB coolers with

- fans in low speed in anticipation
of reaching 10 psi
- LPSW control valves to coolers wide

open
When RB pressure returns below 10 psig

or if RB pressure does not reach 10

psig, switch 2 fans to high speed.

Start 2 RB spray systems

When RB pressure returns to 4 psig,
stop spray.

Switch RB cooler fan speed to low if
in high

When spray is on recirculation, take

"~ partial spray suction from LPI cooler

discharge if needed for RB spray pump

NPSH requirements.

Start all 3 RB coolers and if RB pressure
< 10 psig run two fans in high speed, other

in low speed; provide max LPSW to coolers.

PAGE
238
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TABLE 8 (Cont'd)

LIMIT

CONTROL ACTION

High-high RB

Temperature

High RB Radiation

High high RB
Radiation

High RB

-Hydrogen

by Oconee

by Oconee

by Oconee

>3.5 volZ

Start 2 RB spray systems

Stop spray when RB temp returns to

(by Oconee) if RB spray not being u.
to reduce RB pressure

Check for steam line break and stop

feeding bad generator.

Start RB coolers and fans (on high

speed if allowed by RB pressure) to mix

possible hydrogen being released &

condense radioactive steam.

Stop hydrogen purge.
Check for ICC

Purge RB hydrogen but only if RB

~radiation less than high-high RB

radiation limit.

Run all RB cooler fans continuously.
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TABLE 8 (Cont'd)

CONTROL ACTION

PARAMETER LIMIT

High high RB > 4.0 volZ Start 2 RB spray systems

Hydrogen Stdp spray if hydrogen RB concentra-
tion drops to 3.5 volZ (if RB pressure,
temperature, & radiation levels permit)

RB Emergency < 7.0 Add NaOH 30 minutes after switch

Sump pH

RB Emergency

Sump Boron

High Level RB

Emergency Sump

Low Level RB
Sump When on

LPI Rééirculation

DATE:

3-23-82

< by Oconee
(ppm vs
burnup)

> by Oconee
elevation of
equipment not
to be sub-

merged

< by Oconee

over to recirculation flow to raise pH to

between 7.0 and 8.0.

Add boron.
Check for non-borated fluid system

leaks into RB, i.e.:

® RB cooler cooling water
e Main or aux feedwater
e Component cooling water
e Steam line '

Check for boron precipitation in RCS

Lower sump level if core cooling is
assured and radiation levels of sump
water are less than (by Oconee)

Check for other fluid systems leaking

into RB.

Raise level to between low and high
RB emergency sump level limits with
borated water

Check for steam generator tube

rupture.
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TABLE 9

PENETRATIONS OF NON-SAFETY SYSTEMS USED IN POWER OPERATION

(AUTOMATIC ISOLATION VALVES)

PENETRATION ES CHANNEL 1 ES CHANNEL 2 ES CHANNEL 5
RC Letdown HP 3, 4 HP-5
RCP Seal Return HP 20 HP 21
Quench Tank Vent GWD~12 BWD-13
RB Normal Sump LWD-1 1WD-2
Quench Tank Suction CS-5 CS-6
RB Purge PR-1 PR-2,3,4,5
RB RIAs PR-7, 9 PR-8, 10
PZR. Sample RC-5, 6 RC-7
SG Sample FWD-105, 107 FDW-106, 108
SG Drain FDW-103, 104
Component Cooling cc-7
-~ RC Pumps
= Letdown cooler
- Quench t‘ank cooler
- CRD service structure
LPSW to RCP Motors 1PSW-6, 15

NOTES:

1. All ES channel 1 valves are electric operated and inside RB
All ES channel 2 valves are air operated and outside RB

2.
3. ES channels 1 and 2 auto actuate on low RCS pressure and high RB Pressure
4. ES channels 5 and 6 auto actuate on high RB pressure

DATE:

3-23-82

ES CHANNEL 6

Cc-8

IPSW-6, 15
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FIGURE 35
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REACTOR BUILDING RADIATION MONITOR
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FIGURE 37
TMI-2 DOME MONITOR READINGS (INSIDE SHIELDED HOUSING)
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THE REACTOR BUILDING

Abnormal Transient Changing Reactor l
Building Environment :

Fourth Line of Action - Control Reactor Building
j.e., LOCA or Steam/Feed Line Break Internal Environment to Protect RCS Heat Removal
releasing, steam water hydrogen boric Equipment/Inst. and to Protect RB Control Equipment/
acid and radiation Inst. )

- control RB pressure and temperature
- control RB hydrogen to prevent hydrogen burn

|
|
Figure 40 GENERAL APPROACH FOR CONTROL OF

¥ - control RB emergency sump level for sufficient
First Line of Action - Limit Radiation Release LPI recirculation flow and to prevent submerging
equipment .
Assure the reactor building leak paths are sealed - control RB emergency sump chemistry to make less
acidic and to retain adequate boron concentration
- manual isolation of penetrations - control RB radiation to prevent spread of radioactive
fluid to other systems and reduce RB airborn radiation

- automatic isolation of penetrations
- start of penetration ventilation system (if

high RB press.)

Second Line of Action - Control Reactor Building
Internal Environment to Protect the Reactor Building

Operate reactor building control equipment to prevent
RB design conditions from being exceeded

- reduce RB pressure/temperature
- prevent hydrogen from exploding

o

Third Line of Action - Eliminate or Reduce the Cause ,
for the Change in the Reactor Building Environment i

j.e., isolate feedwater to leaking SG
adequate core cooling
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CHAPTER H

USE OF THE GUIDELINES

Philosophy of Part I Organization

Part 1 is designed for use following any reactor trip or forced shutdown.
Its primafy purpose 1s to maintain core cooling and ensure plant stabil-
. ity. A reactor trip, depending on the cause and initial plant conditions,
can result in demands onu various sysf:ems and components (MSSV's, TBV's,
EFW, etc.). These demands, coupled with the cause of the trip or forced

shutdown, are occurrences that have a higher probability for abnormal con-

ditions to develop.

When equipment or system failures occur resulting in an abnormal plant
‘ response following a trip, it is not so important to immediately identify
the cause as 1t 1is to restore stable, controlled conditions. Once the
plant has been stabilized, then time exists for failure identification and
the decision for future operations (i.e., return to power, remain at
existing conditions, or begin' controlled cooldown). The main thrust of
ATOG and certainly the most important aspect of dealing with any transient
‘ ) or accident is to maintain adequate core cooling. The most expeditious
and positive approach to accomplish this objective is to recognize ab-
normal conditions when they develop and take appropriate actions to re-

store stability.

Part I of ATOG contains four basic sections that flow in a logical

‘ " sequence based on this philosophy. The four sections, in order, are:

DATE: PAGE 242
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a. Sect ion I: Immediate Actions
b. Section II: Vital System Status Verification
¢. Section III (A-D): Follow-up Acticns for Key Symptoms

d. Cooldown Procedures (including Inadequate Core Cooling)

The immediate actions in Section I are those actions taken after every
reactor trip regardless of cause (;.g., manually tripping the reactor and
turbine). Once the immediate actions_ have been performed, the next
priority is to verify that the reactor is shutdown and that key systems
and equipment are available and funcfioning properly (e.g., NNI/ICS power,
turbine stop valyes shut, ete.). These items are included in Section II.
One abnormal transient (excessive MFW), should it cccur, can requ.
prompt recognition and response by the operator to prevent the possibly
severe consequences of water spillover into the steam lines. Therefore,
one of the first checks in Section II is the verification that MFW flow
has runback. The impértant items to check early are reactor/turbine‘trip
and MFW flow status. No pérticular importance should be placed on the
sequencing of the other verification steps as loug as all of them ax‘

performed.

Section II also includes obtaining a status of the four main symptoms of
abnormal transients (the three basic heat transfer symptoms and the
special case for tube fupture). However, operator training should empha-
size continuous surveillance for indications of of f-normal conditions‘

Four main symptoms are:

DATE:
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1. Lack of adequate subcooled margin
2. Lack of primary to secondary heat transfer (overheating)
3. Excessive primary to secondary heat transfer (overcooling)

4. 1Indications of steam generator tube rupture

. Recognition of these symptoms is covered in more detail in the "P-T Dia-
gram'" and '"Abnormal Transient Diagnosis and Mitigation' chapters of this
volume. Should any of these symptoms occur, Section II references the

| operator to the appropriate follow-up action in Section III of Part I,

Philosophy on the Use of Section III
‘ The order that the symptoms are listed in Section II corresponds with the
order of the respective follow-up actions in Section III and is based on

the relative priorities of the corrective actiomns. Lack of adequate sub-

cooling margin is of course top priority because core cooling cannot be
assured until certain actions are performed. If a lack of adequate sub-
‘ coo_li:{g margin occurs, tripping the RC pumps and initiating full HPI flow
| must be performed quickly. While ICC is the most severe condition of the
‘ RCS, it follows after a lack of adequate subcooling margin and the
operator would be directed to the ICC section if it should occur. How—
ever, if the actions in the lack of adequate subcooling margin can be per-

formed, ICC will not occur. Lack of heat transfer and excessive heat

transfer are both second priority symptoms. These two symptoms are equal

DATE: 3-23-82 PAGE 244



BABCOCK & WILCOX NUMBER

NUCLEAR POWER GENERATION DIVISION

BWNP-20007 (6-76)

TECHNICAL DOCUMENT | .

in pridrity because they are mutually exclusive conditions. However,
excessive heaft transfer will require the quickest response by the opera-
tors. The SG Tube Rupture is the last priority symptom. The order of the
priority for these symptcms can be understood by focusing on the objec-
tives for treating any abnormal transient, which is to maintain adeq
core cooling and minimize radiation release. For example, even though
SGTR occurs which can release larée amounts of radiation if it is not
quickly treated, the lack of adequate subcooling margin and the lack of

heat transfer take precedence. This is true because, if adequate core

cooling is not maintained, the radiation release would be much greater.

Again, even though it is important to diagnose and treat a steam.genera.
tube rupture as soon as possible, termination of a concurrent overcooling
transient takes precedence. This is true because:

1. The overcooliag could be the result of a steam leak to atmos-
phere on th;e steam generator with the tube rupture, resulting in
higher offsite .reléasgs. |

2. The overcooling increases the tensile stresses on the steam gene
rater tubes which could result in a larger leak size. .

3. The contraction of the RCS liquid voiume due to the overcooling,
especially when compounded by the inventory 1loss through the
tube leak, could result in draining the pressurizer and satura-
tion of the RC loops. Subsequent voiding in the loops can
significantly delay the cooldown and thus lead to increase

offsite releases.

3-23-82 PAGE 245
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This discussion of priorities is given to show the logic behind the devel-
opment of Part I. The important point to remember is that the operator
should always be alert for the presence of these symptoms and should
always proceed directly to the appropriate section fo‘r follow-up actions

B for a symptom without -necess‘arily waiting to see if a "higher priority"
. symptom develops. This constant operator surveillance should continue
during and after the stabilization c')f a transient. Some symptoms can mask

the presence of others. For example, an overcooling transient can mask

the presence of a small LOCA. However, once the overcooling transient is
terminated, the small LOCA should quickly become evident. Abnormal trans-

ients can occur at any time and will not always oblige by beginning immedi-

. ately after a reactor .trip. Therefore, continuous surveillance 1is

warranted.

One symptom, lack of adequate subcooling margin, always requires immediate
attention. The operator must trip reactor coolant pumps and initiate HPI
flow inﬁ-t\ediately.whenever the subcooled margin is lost regardless of which
part of Section III he is currently following. For this reason, the other
' parts of Section III will either a) reference the operator to Section
III.A or b) reiterate the required actions given in Section III.A for loss

of subcooling margin.

It can be seen that these symptoms can occur in various combinations and
virtually at any time during a transient or subsequent cooldown. Thus it

. would be very difficult to write a comprehensvive procedure that will lead

PAGE
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the operator through any possible sequence of events. Where it is known
that multiple symptoms are more likely to occur the guidelines will specif~
ically address the possibility. However, to ensure maximum coverage this
approach is supplemented by a combination of operator training and proced-
ural guidelines. Recognition of the four basic symptoms and following
appropriate actions of Section III will provide plant stabilization for
all single events regardless of cause. Operator training is the key in
the recognition and understanding of the four basic symptoms. When events
become more complex, either due to additional failures or due to an event
progressing to the point of induciné other symptonis (e.g., loss of sub-
cooling margin), operator training is again the Key in successful mitiga&:
tion. The procedural guidelines contain all the necessary informatic‘
but the operator must know when to implement the appropriate sections. He
does this by careful surveillance of the plant conditions during and fol-
lowing a transient, recognizing the symptoms whenever they occur and going
to the appropriate sécti’on. In this respect ATOG is somewhat 31m11ar to
event-oriented procedures in that the operator must recognize a condition
and react to it. The difference is that the symptom will always be ev."
dent when the failure occurs. The cause (event) will not always be evi1
dent. Also, there are just four symptoms to recognize as opposed to

numerous events,

In addition to recognizing a symptom and implementing the appropriate part

of Section III, the operator must also know when to transfer between parts'

DATE:
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of Section III (for multiple symptoms or incorrect diagnosis) and when to
terminate his actions if the problem is corrected. Some basic instruc-
tions for the use of Part I can be summarized as follows:

1. Priorities between the parts of Section III:

a. Loss of subcooling margin always requires immediate atten-

. ‘ tion regardless of which .part of Section III ‘is being fol-
lowing (with single exception of raising SG levels noted in
l.c below).

b. Lack of heat tranéfer or excessive heat transfer must be cor-
rected before, or at least concurrently, with actions for
SGTR.

. ' c. Excessive heat transfer (overcooling transients) must always
be terminated as soon as possible, and before raising SG
levels to high level for loss of subcooled margin.

2. Follow the appropriate part of Section III for the dominant symp-
tom, unless a "higher priérity" symptom (in item 1 above)
appears, in which case recyclé to the part of Section III for
the higher priority symptom.

. 3. If a reactor trip occurs during a forced shutdown, recycle to

Section I. |

4, If a major change in equipment status occurs during the perform-
ance of a part of Section III or subsequent cooldown, carry out
the appropriate actions of Section II (i.e., loss of NNI/ICS
pbwer, loss of offsite power, safeguards actuation, etc.). This

‘ B can be accomplished in parallel with Section III.
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If it is discovered that an incorrect diagnosis has been made

and:

a. 0o .Vother symptom exists (e.g., inadvertent entry into Sec-
tion III because an overshoot after trip misinterpreted as
overcooling), then stabilize plant (e.g., restore heat tra
fer; don't exit III.C immediately after isolation both SG's
and recycle to Seétion' II; or

b. a different symptom exists? then recycle to the appropriate
part bf Section ITI.

If, during the performance'of follow-up actions in Section III,

the cause of the transient becomes evident and is corrected,

then hold‘at that point and allow the plant to stabilize whi.
checking for other symptoms/problems (e.g., if in the process of
isolating both SG's for excessive heat transfer and closing of
the TBV's on one 3G stops the transient, there is no need to con-
tinue isolaf:ion of steam and feedwater on both SG's). lSimi—
larly, if the intent of a group of actions is satisfied, then
coatinuation of those actions may not be necesary (e.g., HP

flow can be throttled and SG levels do not need to be raised t’

the high level once subcooling margin is restored).

All normal limits and precautions are applicable during the per-

formance of Part I unless specifically superceded by the ATOG

procedure (e.vg.‘, the use of pump bumps regardless of NPSH re-
quirements when saturated with SG level). Whenever a ste'

appears in Part I that supersedes a normal limit or precaution,
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it has been carefully considered and deemed acceptable for plant
conditions existing at the point in the procedure (e.g., viola-
tion of fuel pin compression limits during a large SGTR). One
should not infer, however, that since it is acceptable at one
point in the procedure then it 1is always acceptable to violate

the limit or precaution.

As an example on the use of Part I, assume an overcooling transient occurs
following a reactor trip that leads to drainage of the pressurizer and a
loss of the subcooling margin. When the subcooling margin is 1lost the
operator must quickly perform the actions of III.A which include tripping
the reactor coolant pumps and initiating fuil\HPI flow (l.a above). The
operator is also required to raise SG levels. Theée actions are required
in the event of a small break LOCA. 1In this case the LOCA could be masked
by the overcooling or induced by the overcooling transient. The overcool-
ing will be caused by either excessive feedwater flow or loss of steam
pressure in one or both steam generators. The operator must either regain
control of feedwater or isolate the loss of steam pressure (may require
isolation of one SG) before proceeding with raising SG levels (l.c above).
The intent is to terminate the overcooling first as it could otherwise con-
tinue to mask the presence of a small break and, if the loss of subcooling
margin was due to just an overcooling event (i.e., no LOCA), then filling
the SG's would be gxactly the wrong action (it would aggravate the over-

cooling). Similarly, if the subcooled margin is regained while the
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operator is filling the 3G's, he need not continue to the high level re-

quired for small breaks (6 above). The intent of the actions (restore sub-

Tt

cooled margin anci ensure S5G's available for heat removal) has been satis-
fied. The operator shculd throttle HPI flow and adjust SG levels to the
appropriate setpoint for natural circulation or forced circulation if ‘
has restarted RC pumps. These variations on the use of the guidelines are
examples of situatioms that, if Part I attempted to cover them all, would
result in a procedure of such bulk and cqmplexity as to render it useless.
However, by training the operator so that he understands what the symptoms
mean in terms of heat transfer and wﬁat is really oécurring in the plant,
and so that he understands what the guidelines are intended to accomplish,
then his educated uSe of the guidelines will ensure transient terminati

and plant stability for any event or combination of events,

Another example of proper operator judgement can be shown by again as-
suming an overcoolingA transient. The guidelines may tell the operafor to
c;;)mpletely isolate both SG's. (steam and feedwater). This is because Part
I is designed to restore plant stability assuming worst case accidents‘
which, in the case of overcooling, would be an unisolable steam 1line
break. If the operator does not know the cause of the overcooling or even
which SG is causing the overcooling then the proper response is to isolate

both SG's to stop the transient. With the transient terminated he should

then be able to menitor secondary conditions and isolate the problem to
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one SG so that controlled decay heat removal can be restored using the un-

affected SG. However, if he should discover the cause of the transient

while he is isolating the SG's (e.g., stuck open TBV's) and isolation of
this cause does indeed stop the overcooling, then there is no reason for
him to complete the isolation_of both SG's. If he understands the purpose
of the steps he is taking in following the guidelines, then he will under-

stand when that intent is satisfied and may be able to exit the procedure

“at that point rather than arbitrarily following it through to completion.

0f course, should he fail to realize that isolation of the TBV's termi-
nated the transient, continuing through the guidelines, including isola-
tion of both SG's for this example, will not cause any significant pro-
blem; it is merely unnecessary. Continuing- through the procedure will

lead to restoration of core cooling using the unaffected SG(s).

Objectives of Section III

In order to promote understanding of the procedural guidelines, this sec-

tion wiil address each subsection of Part I, Section III in terms of what
the plant conditions are, what are the possible causes, and why the opera-
tor is directed to take the specified actions (i.e., what the actions are
intended to accomplish). The referenced section of Part I should be fol-

lowed while reading this section.

Section III.A, Follow-up Actions for Treatment of Lack of Adequate Sub-

cooled Margin

Whenever plant conditions reach or exceed the subcooled margin curve the
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assumption is that the RCS is saturated. The RC5 can become saturated as
a result of three basic causes:
i. loss of ccolant inventory (LOCA)
ii. overcocling that results in sufficient coolant contraction to
drain the pressurizer, or
iii. prolonged loss of heat transfer that aliows the RCS 'to overheat
to saturation at high pr;ssure (this cause would be recognized
as lack of heat tramnsfer befo;e loss of subcooling and handled
in accordance with Section III.B).
The primary objectives of this sectién are to 1) restore subcooled margin
and 2) maintain or restore core cooling. To accomplish these objectives,
HPI must be initiaﬁed and either secondary heat transfer or HPI cooli

must be established.
Two actions are alwaxs‘required whenever the subcooling margin is lost:
1. trip ‘all reactor coolant pumps and

2. initiate full, balanced HPI flow.

These actions are necessary in the event the loss of subcooled margin 1’

" due to a small break LOCA. Tripping the RC pumps must be done immediately

following the loss of subcooled margin to minimize inventory loss if a
small break exists. 1In addition, if the loss of subcooled margin was the
result of an overcooling transient, HPI will compengsate for the coolant

contraction and restore subcooling. Re-establishing controlled secondary‘
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heat removal should then be possible. 1If .the loss of subcooled margin was
due to a total loss of feedwater (main and emergency) then full HPI will
be needed to establish HPI cooling (in Section III.B). In this case
subcooling should}also be restoted but it may .take some additional time
‘ until the cooling capacity of the HPI flow exceeds the core heat

generation rate.

Raising SG levels should also be done in the event of a small break LOCA.

~High SG levels will allow condensation of steam voids in the RCS side of
the,upper tube region to establish boiler-condenser cooling. . If the trans-

lent was initiated by total loss of feedwater then the operator may not be

‘ . able to restore feédwater and raise SG levels but after he has established
HPI cooling he should continue efforts to restore feedwater. If the trans-

ient indicates overcooling then he should not raise level in the affected

SG(s) until the overcooling is corrected. Th1s is to prevent further un-

controlled plant cooldown. Actions are also included to isolate possible

causes for the loss of primary pressure.

’ . At this point the operator has full HPI flow, the RC pumps are off, he is
raising or attempting to raise SG levels, and he has isolated possible
causes of the loss of subcooling. Further actions .will be determined by
the plant response to the actions already. taken. The 'subcooling margin
may be .restored by HPI or the plant may remain at satursation. In either

case, primary to secondary heat transfer may cr may not exist.
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Subcooled Margin Restored

If the subcooled margin is restored, the operator should restart reactor
coolant pumps. This will aid in estai:.lishing primary to secondary heat
removal if it does not already exist and will provide better mixing of the
cold HPI flow to alleviate the brittle fracture concern. He will al’
throttle HPY flow to prevent excessive RCS pressure that could lead to NDT T

violation and/or unnecessary lifting of the pressurizer safety valves.

If primary to secondary heat transfer does not exist even after the sub-
cocled margin is restored, it is prob'ably due to a lack of feedwater or a
biockage of RC flow ‘due to steam voids in the hot legs. The operator
will proceed to Secfion III.B which will provide for restoration-of feec.
water and primary to secondary heat transfer or establishment of HPI

copling.

If excessive heat transfer exists, the operator will proceed to Section
I1I1.C. The operator should also be alert for indications of a small break
(refer to Appendix F in Volume 2) as a small break could exist that i‘

within the capacity of the HPI system.

If controlled primary to secondary heat transfer exists then the operator

should regulate feedwater flow to establish SG levels at the appropriate

setpoint (dependent upon whether RC pumps were restarted). The operator

DATE:

3-23-82 PAGE 255



BWNP-20007 (6-76)

ABCOCK & WILCOX NUMBER

UCLEAR POWER GENERATION DIVISION

. 'ECHNICAL DOCUMENT | .;‘l‘,:t.,_‘:v_76-l123298—00

should also control steam pressure to prevent RCS reheating and swell. If
the RCS were allowed. to reheat, the added inventory from HPI could result

in a large pressure increase and possibly a full pressurizer.

.~ Subcooled Margin not Restored ‘
._ If full HPI flow does not. restore the subcooled margin even with heat

transfer to the SG's, it is a LOCA. If heat transfer deos not exist or

exists in only one SG, the operator will proceed to Section III.B to

i attempt restoration of heat transfer to both SG's. The prolonged period

i at saturation may be due to a total loss, of feedwater or a small break.

In .either case, restoration of feedwater flow in III.B will aid primary

} . .- cooling. If,‘howevér, the CFT's begin to empty, a large break exists and

‘ primary to secondary heat transfer cannot be regained. 1In this case the
operator will go to CP-101 for long term cooling following a major LOCA.
| NOTE: Whenever adequate subcooling margin does not exist, the operator

should be alert to indications of superheat.in the RCS (The RTD's

and incore thermocouples read higher than saturation temperature

. for the existing RCS pressure). If indications of superheat occur,

|
|
| . the operator should proceed to the Inadequate Core Cooling (ICC)

| guidelines.

i
|
|
| (
DATE : 3-23-82 PAGE 256



BWNP-20007 (6-76)

BABCOCK & WILCOX | ,-f-mm“-“—

NUCLEAR POWER GENERATION DIVISION

TECHNICAL DOCUMENT __ ) 0 G

Summarx

The bases for

Symptom:

Problems;

Objectives:

Key Points:

Section III.A can be summarized as follows:

RCS pressure-temperature to the right and/or below the
subcooled margin curve.
a) Possible .LOCA ' .
b) Void formation in RCS at saturation can interrupt core i

cooling .
a) Restore subcooled margin
b) Maintain or restore core cooling:

i. preferably with Sé's

ii. with HPI cooling (after transfer to Section III.B) if SG

ccoling unavailable : ’ | .

a) Be alert for indications of ICC
b) Lack of subcooled margin can sevecrely hamper primary to

secondary heat transfer
c) HPI céoling, while adequate for interim core cooling, is

not a stable long-term cooling mode. Cooling with one or

both SG's must be restored as soon as possible. (HPI .

cooling. is discussed in more detail in the “Backup Cooling

- Methods" chapier).
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Secondary Heat Tranmsfer in.Either OTSG

If adequate subcooled margin exists, fhe'mcst'likely cause for lack of pri-
mary to secondary heat transfer is no heat sink (loss of feedwater). The
operator will take steps to restore feedwater. If he cannot restore feed-
water he will establish HPI cooling and ‘he should reduce the number of run-
ning RC pumps to one to minimize he;t input to the RCS. This will provide
adequate core cooling while he contirues efforts to restore feedwater to

at least one SG.

Lack of Adequate Subcooling Margin

If, however,ladequéte subcooled margin. does not exist, then the lack of
heat transfer could be due to no heat sink (loss 5f feedwater) and/or no
reactor coolant flow (hot leg voiding). :: The primary objective is to re-
store core cooling. The preferred method of core cooling is with primary

~to secondary heat transfer.

Section III.B: Follow-up Actions for Treatment of Lack of Primary to
As in Section TII.A, the operator will trip the RCP's and initiate full
HPI flow when the subcooling margin is lost. If the operator has feed-
water flow and a level in at least one SG, then the lack of heat traansfer
is due to lack of RC flow. If the CFT's are emptying, a major LOCA has
occurred and there is no benefit in restoring primary to secondary heat
transfer. In this case the operator will proceed to the procedure for

long term cooling following a major LOCA. If a major LOCA has not

occurred, he will attempt to induce natural circulation flow by raising
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his SG 1level(s) and ldwering SG pressure. If this fails, and RCP's are
operable, he will attempt to induce natural c1rculat10n flow by bumping an
hC puhp. With the SG avallable as a heat sink, bumping an RC pump will
force steam voids in the RCS into the SG tubes where they can be col-
lapsed. F1fteen mlnuteswshould be allotted between success1ve pump bum,

to allow natural circulation flow to bulld. If natural circulation flow
is still not established;after §11 operabie RCP's have been bumped and one
hour has passed since the-reactor trip, a pump should be started and run,
if possible, in a loop with the SG available as a heat sink. The hour
limitation is hase& on eilhwiné delay’heat to decreaee to a.levei that the

HPI flow can accommodate so that additional inventory loss through the

break due to forced flow is no longer a concern.

If the RCP}s are not operable he must cool the core with HPI and he will
go to CP 104 for HPI coollng If he is successful in establishing prlmary
to secondary heat transfer then he will go to the appropr1ate cooldown pro-

cedure dependlng on the degree of subcooling. If the subcooled margin is

not restored then a small break probably exists. .

Summarz

The bases for Section III.B can be summarized as follows:
Symptoms: a) With subcooled margin, symptoms are those indicative of loss
of feedwater:
i. RCS reheating and repressurizing after normal post- ‘

trip cooldown.
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ii. Low or non-existent SG levels and feedwater
flowrates.

b) With lack of adequate subcooled margin, symptoms

could be as above for loss of feedwater and/or small

break symptoms (see Appendix F in Volume 2).
. - Problems: a) Lack of core cooling

b) Extended loss of feedﬁétér will lead to saturation and
loop voiding-necessitgfe;;HPI éooliné.
c) Possible LbCA. o

WObjectives: a) Maintéin or réstore su;cobling.mafgiﬁ.

“ b) Restorevcore cooling;kﬁr;ferabi§‘using the‘SG's.

‘ Key Points: a) i.aclc( (;f heét transfer with‘adequate- subcooling is more
than likely due to totél loss of feedwater or insuffici-
ent feedwater to induce natural circulation.

b) Every effort must--gé ﬁade' to resfore primary to
seéondary heat transféf~éﬁnless a Méjor LOCA occurred).
HPI cooling will be VaaQAuate .f;r sho;f—term core
cooling but is not a stable ldné;te¥m cooling mode (see

. HPI cooling section in '"Backup Cooling Methods"

chapter).
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Section III.C: vFollov‘mp,;Actions for Treatment -of Too Much Primary to

Secondary Feat Transfer-.:vi.-;

Excessive heat. tramsfer sis always caused by a failure in the control of se-
condary side parameters, .resulting in a. loss of steam pressure or exces-
sive feedwater flow or.:a:-combinacion of both. The' overcooling plac
large thermal  ‘stress2s. ons t.‘né RCS. piping and components and on the steam
generators.: It can also:lead fo saturation of the primary system if the
RCS contraction is large enough to dvrainAthe pressurizer. ' The primary ob-
jective of this section is to terminate the overcooling transient and then
t:obxre;stor,e controlled ;decay:heat ;'emO\‘ral.

ST
HPI is 1initiated : if. pressurizer 1level is low and RCS: pressure ‘
decreasing in: an effort to prevent drainage of the pressurizer and loss of
subcooling. 'The cperator will then check to see if the - SG causing the
overcooling: .can.-be identified. The best method to identify the affected
$G is to :compare'Tco‘l,‘d. temperatures. The loop ‘with a significantly vlower
Toold 15 the (loop: with. the:affected SG. However, T.,14 temperatures can
be fairly close together even when only one SG is causing tke overcooli
(refer to the discussion on overcooling transients in the '"Diagnosis a’
Mitigation" chapter)..: Since- the primary objective is to first ‘terminate

the transient;: both steam: generators should be isolated if thére is any

.doubt which: 8G is affected: . 3 .

In either case (one or both SG's isolated), the affected SG will either: .
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s ~a) - stabilize in level: and ~pressure if the overcooling was
due to excessive feedwater or ‘isolable steam leak, or
Cy v b) - continue .to lose ‘-pressure -and level due to an
unisolable steam leak..: = °°
' RS a), then controlled decay heat removal.ccan be restored 'using both SG's
(being., careful not to unisolate a steam: leak). If b), then the SG with
..the steam leak -should be allowéd to:boil:dry while decay heat removal 1is
. established .with the intact .SG.
i
Once controlled decay heat removal . is:.established, -the ‘operator should
check for indications of a tube rupture (since the tubes have been
' .. stressed by .the ovércooling) and verify "adequate subcooling margin exists.
1f -the -affected SG was ‘returned to service,: then' the check’ for tube
..rupture can be made using steam line monitors. :If the affected SG was
left isolated, then the operator should check for :indications  of a small
_ break LOCA and continued cooling of:.the: RCS -by-the .isolated SG (due to
boil,_'of;.f of tube leakage). If adequate subcooling margin does not exist he

.....-should recycle. to Section IIIL.A. - e

. . Whenever an overcooling transient has been terminated, the operator should
hold RCS temperatures at the existing values. ".If the ‘RCS were allowed to
reheat, the added inveantory from HPI could ‘result in' a large pressure in-

crease and possibly a full pressurizer.
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Summary B I o O RS
The bases for.Section-ILL.G:can be summarized “as” follows: S

. o UL R S SN
Symptoms: . a) Pecreasing T.y149g &and/or SG:  pressures 31{;:11 ficaatly

below:.the normal post-trip ¢ooldown. *° - °
b) - Possibly high SG level(s) and feedwater flowrate(s). ‘\
.¢) Low RGCS piéssure and pressurizer level. :
Problems: . .a) ~Thermal” stresses ‘on RCS compoaents and SG's (tubes).
+ b) . .Possible. RCS saturatio-n due to 'préssdriée:r{'drai’{nage.

c)i :Excessive . feedwater ' flow could result ‘in water

= . SR - -carryover’ iato the'main ‘steam lines.
ObjeCtives(igfef. a) ‘Prevent:.. loss: of subcooliing’ :margin dué ':to RCS
" : L ,Ac‘oqt_;r_action and drainage of the vaessurivzer. L .,
= o : LTANE-TAY b). Terminate: the overcooling. .
T ...+ ... e)-Retestablish’ controlled primary to  sécomdary heat
transfer! ;
Key Points: a) Coﬁpai:ison. of loop Tcoid féﬁperaturéé %is best ﬁethod

for ide“vti-fying affected SG before SG isolation.
b) Comparison of SG levels and pressuré:s“—i-:is~ bé'Sti'me.tho
4. sew for tidentifying affected " SG after both SG's a.
PN cus . ve yisolated ., .

- :5.¢); Severe: overcooling can induce tube leaks.

. d): ;The RCS should not be allowed 'to reheat after the

[

.- .transient is terminated.
e) Unisolable steam leaks require boiling the affected Sb

dry to stop the overcooling.
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Section III.D: Followup Actions for OTSG Tube Rupture

& Several concerns -exist: whenever indicatiods -of "a "s't‘:eam"'generat:or”tube rup-
ture bechne_‘ev_,ideqb. . In addition 'to :béing:a ‘LOCA, the pri’mar); inventory
lost through .the  tube leak éannot be récovered for sump recirculation as

o it wq;;xld fq_r.‘glt;;he-.; LOCA's. Thus,” it 'is important to cooldown and stop the

“ tube leak before makeup capacity (BWST): is.lest. However, it is also im-

portant .to minimize offsite releases .- Therefore, ‘if at all possible, it

1s“de51ra;b1e to perform.a controlled power: runback and reactor shutdown at
a.\pow\er‘_;levelh less than the capacity of :thex<TBV's rather than trip the

reactor at high power. This prevents lifting of the safety valves on the

 SG with the tube 1leak which helpé,teduce‘-‘:ovef"all'-releaseé“' to the atmos-

.‘ phere. ._Thgs}: vtt!e primary objectives din: mitiéating a tube rupture are to
minimize offsite releases and .total tube.:leakage by performing an orderly

bu(t _expedient sh;utd_q,w;n and cooldown.: "Opening: the ‘TBV's before tripping

the turbine and reactor (when power is less:than total TBV capaéity) will

prevent .lifting of the main steam safetyavalves. .

e, V0 K

Reactor Trip o i

3L T
‘ If a reactor trip should occur or be required because the tube leakage ex-

ceeds HPI capacity, then it is important :to:ensure proper plant response,

particularly with respect to steam and -feedwater control. If a loss of

subc_:oo_lgg‘,Lm;argin occurs. the RC .pumps must?be tripped and full HPI initi-

ated. These actions are required for the .same.redson as in any small

PAGE
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vent v01d formatlon in the hot legs whlch could block coolant flow and
severely hamper the cooldown. It is also very important to terminate ex-

cessive heat transfer should it occur. Uncontrolled cooldown could also

result in void formation in the hot legs and could overstress the SG tu‘
resultlng in 1arger 1eak rates. Thus, 1f excessive heat transfer is ind1=

,-I-.‘ '

cated the operator is d1rected to Sectlon III. C to correct ‘the condition

¢ -

(e e N A O - . HET R SRS
before cont1nu1ng in Sect1on III.D.
SEOA Y A R A\ FEE
Cg L. . iy i R M ‘ L ’ e td

Dur1ng the perlod that the’ operator is performlng the shutdown or stabi-

© ey oyt RO .
M i, - i "..\,” e d L

llz1ng the plant after a tr1p, a survey of the steam 11nes should be made

- « ; T W ) - - ' .
to veri fy whlch SG has the tube rupture. It is desirable to isolate 't.

SoE s F* A " o & e 2} o [OS RS

affected SG as soon as pos31ble after prlmary temperature is low enough to

preclude lifting of the main steam safety valves. -

Cooldown Methods

) \ . .
Gt et b Sl .
s!.:. ” LA Pl B R M SN

Two bas1c cooldown methods are prov1ded for tube ruptures, de31gnated here

S rE s Fi *f.»'u-..; 7 ':
as normal" and emergency . The method to be used is determined by t
! r . Ty SRR Ia1 .' FXT s il P . o et .
tube leak rate and the ex1st1ng plant status. The differences between tI¥
(?;.‘ . R 5 T N i.-t:'_..‘. M3 : B . ’ i [ o

methods are as follows.

o R I S A Normal e, Eme;rvgenc“j;
a l) Cooldown rat&e S 100F/h1§‘ o 240F/fhr to 500F
o 2) Tube/shell“Al;llmlt A wor  usor U
3) Fue(l pln;.comp;essrt):l 11m1t‘. Applles C Mayﬁ b:a'\-lll:olated, if
necessary ‘
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The factors determining use of the "normal" cooldown method are:

[ e RS B . EE RS T N . i

1) Tube leak rate w1th1n capac1ty of makeup system (m1n1ma1 rate of BWST

nelons ; ER I .

A e e

depletion)h
IR EENCM

2) Condenser available

fife. D1l BRI FA AT clogon

i

. . 3) RC pumps available

oo L. S T Lo . y i Lt PO A R EEE 3 T

. All three conditions must exist to use the normal cooldown If any one
condition is not met, the emergency cooldown method must be used. If,
ERE B e X

IR B B ¢ . 4

during the performance of the emergency co'oldown, all three conditions are

RS UL [ PR
(R [PoRY EICRRTIRNN exsto

satisfied then the normal cooldown can be used. Conversely, if during the

performance of the _normal cooldown, any one of the conditions is no lomger
T S D S . . . Lo B =

satisfied then the cooldown must be sw1tched to the emergency method. In

L RN S £ 75 E . < . B N B I e

‘ . ) e1ther case, the SG w1th the tube rupture should be 1solated as soon as it
| s EI . . : . :

. Tl ‘:/ .?‘- -

W ;.; gy

is 1dent1f1ed and Thot is < 540F (to prevent 11ft1ng the steam safeties on

d F
BEHC A Y

1 the SG with the tube leak)

. A A A sl

| Loss of Offsite Power/RC Pumps Not Running

L:‘ . .'.~‘v R

A loss of off51te power can 81gn1f1cant1y 1mpact “the mitigatxon of a tube

i N b

R . R
il - S “ a . & ;o P

otean vl

rupture and therefore power should be restored as qu1ck1y as possible.

ST N K ERIRN BV A . [EP A 3 LU a2 ~i
' While power is unavailable a natural c1rculat10n cooldown w111 be re- |

REHANES ERE AR Y L [N 2 o BT, ST A g B <

It E Cooande

quired. It will be necessary to per10d1ca11y steam the SG w1th the tube 1
|

leak during a natural circulation cooldown to 1nduce loop circulation and

o

av01d hot leg flashing in that loop. Void formation in the hot leg would

s 3ot s L R I ¥

hamper the cooldown due to the inability to depressurize the RCS (the hot
R L T R N

leg would act as a pressurizer). If the condenser were not available

.:Li‘ ";‘!;LJ -‘A - :'i"- S P A oo ’ |
R S |
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steaming of the a{ffAeTcted SG would have to;.be -done.directly to atmosphere
thus 1ncrea31ng offsjlte releases. However,. at . the iOconee' Nutiear Station
R S ST, IR cAY Jonnu rapiary R0
the condenser will be > available even during. a:loss of .offgite’? power due to
LT BmA reEia il oLaesInal SUe

grav1ty feed of coohng wateg tQ, the.condenser,. =;:: . za:.uveavu

4 SRR UH UL

L g i o ‘
. . :
EEAEE a4 P A < Wil oS x T A 3 e =i Tt L
; i s Tan PRS 2 I
: 5 ) il P R
! - : . PRSCAN
! : ’ < A2 - R Y » 3 i I ?
I RN s I3 5 r |

In addltlon, while RC pumps are not available, RCS prés'suré réduction must

be accomplished using the pressurizer relief. This is a less desirable

method suxce it repeateq%y{gh;alllenges, the relief .valvey results in addi-

e heioowd i Llvnne
) tional ‘mventory v)lios.s and ,may. degrade the yreaotor bwilding ’ ehvironment.
" Tne: eycllc opetz;tlon l;etween SOF subcoohng and: the minimum é"i‘x%eooling mar-
4 B R T P S P
gin 1s a compromlse between the, need ;to. limit-:the : cycles” Gh'-the relief
et A LT oveetyne oot 5 e )
o 'j'valve anc; the need to malntam as low a pressure as: possible’ 'to minimi
> £ thef tube lekage rate. agr D5 fatn e . ayan. o SmyEa wlalc
T pe ey o cebpun s Tyt E | o R S SR
w wes ot o oy DTt Lon
RC Putnps Running
With RC pumps availabie,'steaming,of the affected SG can be . téduced to the
minimum necessary to keep the . 8team pressure. . less than 1000 'psig >and the
Iy el R LA R L
leve;. fess than ?SZ on the Qperate rangey :;This: is required to prevel'
T IIE AR B
w]_lérung of the steam safet'i:leﬁy (‘additionalﬁrelease to atmosphere) and to
prevent water spillover into_.‘.:}the steam lines. :: Forced circul@tidn will pre-
vent the formatlon of ?team voxds in the idle,, (non,—steaming) loop.
svr i .2 B0 aral yug

{onlsnl -

RCS pressure control is better with RC pumps ‘and ‘spray available. There-
fore, spray should be t}x_ged‘,‘”e;s_‘ necessary. te maintain the“RCS ‘preéssure a’

close as p0881ble to, the m1n1mum subcoolmg margin to minimize the leak rat

oy ,'\1. -
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1 s -Continued Cooldown ‘and Isolation 8f the Affected SG

» v 3 ig B e il gf‘?hkf?:" ot

.¢c Thes plant. :is . ‘nottfstable  after a’ tube rupture until the tube leakage has
. ¢ L - LR i

«e, ypeen sstopped. z:This® will" require"cooﬁ.down and depressurl.zatlon and DHRS

.‘t, oy

O s T e e i

MEETIR

operation to the poitit ‘where the" RCS Ean be dralned to below the elevation

‘ of the tube leak. Therefore, the cooldown should progress as expediently

e A - . P YA PN I B S 4
[ oeone NESEES £ L P S

: _g.s;’Ist_.s;i.'-‘b'_leb' C: R P BBt

. .. . I S 7 B LI Bre Cund
i 2 SR ST S - '
.Once.-the . affected : SG* has’ been :Elé;bla!' éa 1tn“ th(;um, only be fed and/or
. .Steamed .as necessary to maintain®" steam l;r'es‘sute. <1600 ps1g and level
s . [ . R
il S 85% .on :the operate :.range and to malntaln Jthe tube/shell A T within the ~
e ix - § Ty -~

or eq limitsai. Excessive “tubefshell 4 T Could’ result in a hlgher leak rate due to

. . - ‘2 l - . LY
' A 521 LA ‘e - .
Q cwie - cthey ingreased tensiléistress on the fa11 d tube. In additi 1on, as previ-
N Y l : J' ;
k) ..( S s ’7‘

ously stated, steaming of the isolated SG may be required durlng a natural

circulation cooldown to prevent void formation in the hot leg.

LA

1 . L .
i 0 4 ¢ o
S LERIR P PO - N L A
! ‘SU‘ RAT Y w .l v 0
V S ' )
JrasR L] £ e

Symptoms: nx 2 a)<.high radiation in” steam 11nes and/or condenser

P

‘ aue ~ t.-iy .+ #tb). LOCA  symptoms ‘(*d’ec‘re'asi‘ng pressure, unaccountable "RCS

- . " FAE) Be T
W s & A i

wap g In LF i'nVeritot'y ‘1683, etc.)

. , SN
_ : s . RN PR R e
;. Problemsi;-~ > {va) 'SG tube rupture/LOCA
» . . i - Y S MR B
- - o, e vy Lo Jow DR e .
un lymiossib)iiunrecoverable RCS inventory loss (i.e., not available
for sump recirculation)
. vy v N o Ty
. . : e LLdnent aF L RO0L oy rIHenISE e
oy Tigwy oo oe) Yoffsite releases
R ¢ P 3

FE R A

1 asswinic <b) siterminate leakagé 'bBefore BWST depletion

. . . .. Objectives:y - &) minimize offsite réleases
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, on T (b
) ¢) maintain core coollng/exped1ent cooldown and
] asia “giom maYE o suso oo poactices Lo hily. (¥
§ depressurization
i3 . B L 5
3 S 4T 3o ssen ;\;, P ' Clnag ozl Croun oo Frnaa oa
% TR srabenl 3o wien VLD 1.;
1 : Key Points: a) transi (leakage) not termxnated until RCS cooled
H L2 ISR
G ey e cogtonm ans Ta - Y i s yigoeds NI TSI ot R
A depressurlzed and dra1ned below tube leak elevatlon
te reod L vydesads Caban oM snxfoos g : e S ST O ¢ - O
b)  LOOP/natural c1rculat10n cooldown will probably T
T *';.: :
in higher off81te releases due to greater need to steam
affected SG
e . N ,"fi-.'-’.}ﬁ:‘)_"_‘:'-)'" Vr n ¢ AT K S o FA A T U 1= 2 A S 1
o ’ ¢) Tnatural ‘circulation cooldown necess1tates use of pressu-
o . . . rf\l P :“,7,-; " ¢
~ v o 3 oorandh cesliy rtiroa L < e
' rizer relief to reduce RCS pressure
BRI TERP R Lrpot el oneId duwess bEo N L f0o5n 336 1gna g Ea
' : « IR -y
. oty o gt GRS R R T B T 0o [ ‘ B ‘T R
w77 7" Cooldown PrOcedures/Inadequate Core Cool1ng
e L Dk P T SR S3mooteend .
The objective of these guldel1nes is to malntaln adequate core coollng
A R P R |
: terminating transients and stabilizing the plants with controlled decay
arioe v LT3 T4V L€

heat removal. Once stable conditions are achieved, further plant cooldown

v nv by S

i Lo tanga
can be accomplished by existing" plant procedures. However, the end condi-

RO ¥4 yynl L

tions at stabilization follow1ng the execution of the gu1del1nes w1ll not

- ‘- 3 Conds ST T T S
) [ 4 [ u.J -t
g necessarlly 001nc1de w1th the entry condltlons for plant cooldown proced-
PG v voe,l LeedT @uniils <o i SiT3 OALLTYLL Lo ais
ures;"'Thérefore, ‘procedures are provided in Part I to accomplish
- 5 ; h?'-'f - W ’ - ‘a. d .
transition from the guidelines to the plant procedures. Five cooldo
R AN I SRt I S 4 < BT s T SO LR e zwmg 205 0
procedures are’ provi d d to cover the f1ve p0381b1e end cond1tlons of the
. . D0Y iat suud o« SouanmIttt tirs winld
guidelines:
1) Cooldown following a large LOCA
2) Normal cooldown
1Y a. i T 2on 0 Twhiug nil ef cnlrb L
o 3 Saturated cooldown with pr1mary to secondary heat transfer

DATE ! 3-23-82 I —
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e -W‘Muwm e+ e e
4) HPI cooling .
S TR IR T4 Be: RETCR eV R LU SRR T RENTIN S 15

5) Sol1d plant cooldown/recovery from solid plant.

e he T S

e LCIUBR AR
A sixth procedure is PrOVlded for the}spec1a1 case of Inadequate Core Cool-
memn BD0 Eteg Densuivv oot W La sl ) oz tras”

1ng (ICC) The phllosophy and the objectives of the actions for ICC are

Sdis . WG ind ey SR L YUREE WG DL

d1scussed in detail in the "Backup Coollng gefhods chapter in Volume 1 of
JIL: Fan ool

R S A I O ROIIE Y STERE L B
Part 1I. ‘
: B 5 TN ER ael v b o
4 Fa.n IR IL YR 7D SL Y F REHLAT Do aa TIRVLE VL

TR By lzavis

At the end of the section containing the f1ve coogdown procedures (immedi-

Yeoorre mesed.ansomy oo ploan er o pedn Tevplnan
ately before the Icc sectlon) are spec1f1c rules, These rules are pro-
crema0Tg S0 B3 te L Yegten sl

vided in a separate section to avoid repetition throughout Section III of

the guidelines. These rules apply wherever they arelreferenced in Section

G .-’_' 4 @ Y K
B III. Four specific rules are prOV1ded to cover: = ) o .
11 S D TN (A CYABUPS V- TR s PO .,uu.f?g IS S L s T dd vl n i
1110 w 5
1) Initiation of HPI ‘ ‘ o
helioxineny S FIvt owaLac g R : [N - DR v S L B | VIR S R
2) HPI flow control
Leoansla aspizol Jhevs s e cors Thpr s el e sl A Lo
3) Feedwater throttlxng methods o L
Brre iy vavsw ok ar L gardzine wd Poaescgwn. oy et F
4) SG level setpoint. ‘ p L
Cworagtfsbioy it R e TROm PRt aal Y oo
In add1t10n, three figures are prov1ded at. the back of Part I for easy
S WO IL 2y wwioorroio ric farvosb ariio
reference durin ng the use of the gu1de11nes. These flgures prov1de.”
slfr:.,‘ CHHY YIS a3 ' i 450 oY S I zyiibhe ALY AN RS i
1) HPI flow vs. RCS pressure L o
Wioe. cvid L PETULHIOT PR R T sailsiruy el mewr o N
2) RCs pressure-temperature limits for bri ttle fracture/NDT )
: v drh sl B JeD VNG BEES : VIR
aee Yihnos bivs sldil ‘o
3) Core exit thermocouple temperature for ICC e e
PR SO oo ".
s Los Latwolllr awehioal L
i .
OperatO? A ds mrobioos LA {“:*.4 -4

In addition to the gu1de11nes in Part I and the traﬁ?;Pg materﬁal in Part
d o hoone e el 1Y e YR Oh e R

Famvord e s 4

e
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‘IT, 'two “other: dé¥5Tpments ' of ‘the "ATOG” progr

Oy Sl tat ow vlore

#2 agdistancd t‘o’.:"t‘ﬁé‘?%pé{f tor ';iurlng the m1t1gat10n of abnormal transients:

Yo Tt o, 4 T it "_’}_ TS .. a1 L2l Y < u"«
R t he'"“prefsd iR tempera! are (PIT) d1splay and the System Aux111ary Diagrams
ooy e LE LT RmT 7 .
o (SADs) ThejﬁTOC' dse should prov1de ‘for full ut 1i zatlon of these aids
R L R R TN 0 - WU £ T S T PR L Freonnoad ] yame oo svah
e “ifthe 1mp1ementat10n of the guidelines. -
STE Tved S ien. Yiptem sslcoadupe Y orae g TRasODET sl LE e s
S0L 195 T3 TOEWEA BuouUnrt hon el s GEnle
G4 rea o« ,...-P_T DlS la S
. . L - i PO soee o e, T S ay
. ) RIS R R S P S L SRR U T, LEY S R S T S S A .
The information required to identify and track the symptoms discussed pre-
viously is already available in the control room. However, it consists of
: . ’ R R § TGRS
discrete displays for reactor coolant system ~hot-~ ahd"‘e“o“l'a leg tempera-
- ! ‘tures;‘reactsE coolant system pressure and steam generator pressure. Thi
SEEE AT ERO el matt requ1res méttal” 1ntegrat1on on the part “of the operator to quic

£ T S I - f2ID Sut e S TAR
ooovEeE “assess plant coollng status us:Lng 1nd1v1dual d1splays and the steam

: : . 4o R Lt
TR N NSRRI Yol

R tables’i"“'!'Thﬁs,) the problem is how these varlables could best be displayed

i P i iy L
— 1n real time to ‘givé the operator a simple and log1ca1 method of moni-
toring the symptoms of interest.. The solution developed in ATOG was the
‘use of a P- T display on a cathode raY“tube (CRT) The dﬂ1splay cont inu-
PR LEVE 4L AT AT orasn Gy CADET  or i IETag fin st
-"'ously shows the prlmary subcoohng margin and the dynamlc relat1onsh1p
=Ly R o ; o of H 'n.. 3 & > B o
Bl “the’ prlmary to secondary heat transfer. The part1culars of the display
Ly t i £ "‘ .'. .'.. - \«:;“ : o3 ; h "': “ " ‘“ B L ‘ ’ - .
o ' fo_t‘mat’“and 1dent1f1cat10n of the symptoms is dlscussed in detail in the
N B s - .\ '-"t”. , 35 TR ts,, v_.‘, NES 1 S ETs TSN F
e eniansliip g D{Yagram chapterf ‘Thid sect1on w111 d1scuss the various functions
< 5l »3 ol .‘v : f5 . S 1-.'.,“ IO AL 8 . f:”'-:-"m 35:‘" 'V"ﬁz‘ R
’ the dxsplay can perform to’ a1d the operator.
BIoan il i em veiogauus sd ) I3 aps g Y oo wdue B
R L N O L PS> P S # i P s e il yha
. Symptom Identification
The primary purpose for developing the P-T display is to provide the means

271
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for the operator to mon;

vty TRy 2L TR

}or the plant response follow1ng a reactor trip or

_4

dur1ng a force

d sgutdgwn to verlfy normal response and to, qulckly identify
? VTS Soooreriees Yoo =7

aPnormal response should 1t .oecur,, The "P-T Diagram. chapter describes
[ LI R DMl FT L ST TS T AL e %

<

_the normal post tr1p cooldown of _the RCS and the varlous ;trends that can

ey Tyl s io4a REREt

develop when the response 1s abnormalﬁ{ Wlth the P T d1sp1ay the operator

wa

can quickly recognize the loss of subcooled margin, lack of heat transfer

or excessive heat transfer and proceed directly to the appropriate section

of Part I to restore plant stability and c,cu‘.ev'coodl,in_g._,_.,,r )
mp i mmeldumy s 20 W uRTs N GEOT G LETXU AT O ITE 30D el
A 1 revognll mery L0uioa i e s TiavEe 4BE tuls mLo v o Fuiv

Response Ver1f1cat10n

sl BLAT —=. .o Tadspev wd wwsbgrooc nifvoty
S I DO :

N o fhe €-¥_§1splay‘elso prov1des posltlve feedbach g%;the?operstor on the re- -
L LEETy Y 1sTiamg Fe : : i
j ‘\) a sp10nse ofi the plant tthls acttons . For, ie;g}s.gnpl:e,"af,_ter,,,th_{e loss of sub-
? e dET D [ I N Ten o PR TR A RO S
\ cooling margin, the operstor can easily determinethe effectivencss of
_ fullqﬂ?} flonﬂhx npnltorxng the Q?F;d1sp1a¥ gg? ?egermine when to throttle
HP1 flow 1f‘the suhcoollng marg1n 1s restored R R
Secitem fanvon i Wirn so guo A 3 Rl SR
p0Th ax beenlacsh povt oo Cenre i To woawdewys wde pniTol
Controlling. W1th1n L1m1ts e
mEis BAT ol Tan soitan 3 owwoealasis Ueos un amu ‘
P i\ , Certaln operatﬂons reqolre that ﬁhe operator control the pr1mary system
| oo bgpter pimeow 3§ IR VI t Jase 5
L o vithin specified P-T regions that can reqdily be displayed op, che P-T dia-
| ~ gram. For example, the gu}del1nes for{s!natural c1rculat10n cooldown with
Iman gy BwIgvLal Fosowty e remids oy
'a‘tphe rupturi reoulrewms}ntaln1ng RCS pressure between SOF subcooled and
‘ “;he';ubeooled margin“line.ﬁdlf thegfpsfaf?§3?§§A§gf4€§B?Pi}ipyﬁt° select a
50F subcooled curve for display on the CRT (the subcooled margin line is
already d1sp1ayed) then he has a simple, convenlent format for.monltorlng

DATE :- -
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the cooldown and ‘ensuring compliance with'ithe: lﬁnitstbﬂanyothcr e,%amples
gx_igts_,_ijins_luding; . uses during - normal’ ‘plafit cooldowd ‘“ and ° fieatups (e.g.,

s vduel-pin., con;prqs;smn 11m1ts, NDT - hmlts, L1290 EREATE

) . . . = Y - NFeXs el o
L . o, e N C cavto d
CoLmAae T, Vi oLneh o (=N ".3:‘4 S N : t
PRI I A R 7k . ERR R R

: ; . L I T
Power Operation EOTT IV ui e BT R Y ¥ ‘
~—— Ans :
o \ -

The CRT format is readily adaptable for displaying plant status informa-

,tion.during normal power operation: -Some’ examples for “siich ";l!x:s,’age are the

LRI S
et s TEACO, Protection system ipressute-temperatife tifp diveidie (shown in the
"P~T, Djagram" «chapter) and: power: imbalanée envefope. Howewer."if the ATOG
5., CRT is. used - fon:;these :=dis.piays§ thef— shoul& Do’ gf 1 jSé‘Cdl}l"dé‘f:?i:nature with
4 ym- the CRT ,autpmatmalby reverting te. the ATOG P-T Hlspf‘ay’on"reac{é—or trip

. . P TR e B LT S eI R P R Py o \
: ‘ i_!':f’-{i PRt EOEE TTRNE N S A 1.1 AL L i3 et g . . 2

, ":',Bac_.kugp_._ fOl’; -~th;.e__£R,I‘->‘,,-:‘ Fodan s 5 B PPN 0 IR P T

tnye It;can,readily:be,.seen’ that “the availabili¥y of &'p-T ‘di'splay improves the

e flqu__,g){f{;_-in'_formatloﬁ ‘tocther.operator and ‘enhancés the use "of Part 1. Ef-

« o fort should. be.made -in ithe implementation ofGiF displafs €6 *povide high

. .“reliability. sodmdt e lGne SRl o sl
oy 0 . L e L :
‘ P90, s e o omaioell
However, control. room personnel should allow for the ‘possibility that ::‘r.-;,'i'w
: ..,\q__RT(_i_,d;'__spLgys,q‘_ar_g« iunavaildblersvhen needed. ‘-"-‘Pi‘Ovi‘é"ib‘;né’”'s"h‘ou-'l’d:; "}l;e made to
g ,facilitate.hand. plotting :0f Ithe: parameters on' d PYT ‘didgram’ similar to the
ey  -diagrams ,,lqlepi,cte.d;‘Abie_razin;;e,;a.ﬂand plotting ig" quiék':eh:é"ﬁgh:"?t"g gfi;vide data
s .0 Which, can be. used, £or 'plant :cotitrol. THe'*format &f tﬁeﬁlégf?atm for hand

plotting (with the saturation and subcooled margin(“Ii‘nezé""pre—drawn) wou]
allow for trend diagnosis and still be a significant improvement over men

tal assimilation of discrete data displays.
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‘_'System Apx11}ar¥ DJ,agramsq(SADS);nwexne deyel@edlin the K’I‘OG’ program to
identify supportipg systems essentlalhtolthe ébperétxon ‘of «systems having

direct input to plant response.- They also identify instrumentation re-

. quired to verify proper operation of -s_upporting""s’yst_éms;.?;lzi..{.:'Z::; v

¥ ) T e '”"““‘"‘ "“, .T,.: TS O | A
[ LU R 4.";:3,..1.4" '-"’_"'"«!'f%l'l L HEN L TBask 1. VEL L.

t

BCE

Faor example,,\ the operator may -he: mequired: to mutmte‘ “HPI.” “In the highly

wooms

“unlikely“ever}_t, .that .a. total .loss .of; HPL o.ccuir‘s‘,ﬁi‘-théf-'«ds‘éo-c'iat"ed'.' SAD can be
3 Iy R T Y Eo 13, . 3T g 4
used a8 a rapx;d t;;ouble,shootlng aid. to: restoré: ‘HPI? operation. " The SAD for

CtpnovITE
o HPIﬁhqws ‘HIL’I in jthe center; and various: :ax“:ro"wsi';iéifhﬁ i’ﬁg' toward HPI which
| . ‘ identify everything required to make HPI initiation successful. Pump
| power supplies, required cooling/lube oil sources) ;_tné,:j,d?tt?_;inrlfifﬁéiff’\ralve posi-
. ntﬁ‘:jiot?gi,a f\rfagn:-,i.__l;,at,?.'icm, cpp;l,_ing, ete. prare-. all “identified” aldng” with available
”}5 trument a:Ei‘.’“aE?;;ﬁ?.ri fy proper+ operationiof:therHPI systein.’ Only those
CI 1;tems thgt.ﬁare within the. operators air.ifli:'tiy tosucotitrol and can be accom-
plishe;i’ quickly are included. Corrections that are longer term (e.g., re-
placing a pump impeller) are omitted.
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,Sinbcie', _‘t’:rouhl.e shooting will be pexnformed:. .B'ys‘:r/av?‘iri'g“-i iopé'r"aio’fé- for ‘maintenance

., BrLOUpPS, !;hg. .SADs, are, packaged separatélyas sopposed: to? being “¢ontained in

the ATOG volumes. P However, :the appropridtesSADs: ‘are “reférence “in Part I

SR oLyng Bd

.-Station managementireill det ermine -'the® avé'il'ﬁliility and

where. applicable.,

R
M

use of the _SADS,. R f}i‘l,}‘,]i?‘;‘ﬁf“-a R S I 9 S
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