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LEGAL NOTICE

THIS REPORT WAS PREPARED AS AN ACCOUNT OF WORK SPONSCRED
BY COMBUSTION ENGINEERING, INC. NEITHER COMSUSTION ENGINEERING
NOR ANY PERSON ACTING ON ITS BEHALF:

A. MAKES ANY WARRANTY OR REPRESENTATION, EXPRESS OR
IMPUED INCLUDING THE WARRANTIES OF FITNESS FOR A PARTICULAR
PURPOSE OR MERCHANTAB.LITY, WITH RESPECT TO THE ACCURACY,
COMPLETENESS, OR USEFULNESS OF THE INFORMATICN CONTAINED IN THIS
REPORT, OR THAT THE USE OF ANY INFORMATION, APPARATUS, METHCD,

,

OR PROCESS DISCLOSED IN THIS RE?CRT MAY NOT INFRINGE PRIVATELY
OWNED RIGHTS;OR '

B. ASSUMES ANY LIABILITIES WITH RESPECT TO THE USE OF, OR FOR
DAMAGES RESULTING FRCM THE USE OF, ANY INFORMATION, APPARATUS,
METHOD OR PROCESS OlSCLOSED IN THIS REPORT.
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ABSTRACT
*

,

.

This report has been prepared in response to Item I.C.1 of NUREG-0737,
Guidance for the Evaluation and Development of Procedures for Transients
and Accidents. The revised Emergency Procedure Guidelines contained
in this report supercede the Emergency Procedure Guidelines contained

,

in Appendix A of CEN-128.
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DEFINITIONS OF TERMS USED IN THE

EMERGENCY PROCEDURE GUIDELINES

.

Action. . . . . . . . . . . . .The specific required output of a single -

system in response to specific inputs or
conditions imposed on the system. -

Safety Function . . . . . . . .The net, total effect of one or more safety
actions which have the objective of preventing
or mitigating the consequences of an event in
order to achieve an acceptable event termination.

Event . . . . . . . . . . . . .An unanticipated plant disturbance. The plant
.

conditions which result in being defined as ,

.

events require operator action to preclude a
vorsening of plant status, if left unattended,
and to allow for the reinstatement of a safe,
controlled operating mode. .

Reactivity Control. . . . . .' . Provision of sufficient negative reactivity to
the core to provide control of reactor power.

-

RCS Heat Removal. . . . . . . . Maintenance of sufficient heat transfer from the
reactor fuel to the reactor coolant, and
sufficient capability to remove heat from the
reactor coolant.

RCS Inventory Control . . . . . Maintenance of sufficient reactor coolant volume.
.

RCS Pressure Control. . . . . . Maintenance of RCS pressure within a range.
.

V
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List of A ronyms and Abbreviations

AC. . . . Al terna ting current

ADV... Atmospheric dump valve

AFW. . . Auxiliary feedwater
*

AFAS.. Auxiliary feedwater actuation signal
ANSI.. American nuclear standards institute

'

ATWS.. Anticipated transient without SCRAM
CVCS.. Chemical volume control system

CST... Condensate storage tank

CIAS.. Containment isolation actuation signal
CSAS.. Containment spray actuation signal

CSS... Containment spray system

CEA... Control element assembly

CEDM.. Control element drive mechanism

ESF... Engineered safety features
EFAS.. Emergency feed actuation signal
EPG... Emergency Procedure Guideline

HPSI..High pressure safety injection
ICC... Inadequate core cooling

LOCA.. Loss of coolant accident
LOMF.. Loss of feedwater
LPSI.. Low pressure safety injection

MFW... Main feedwater ,

MFIV.. Main feedwater isolation valve
MSIS.. Main steam isolation signal

MSIV.. Main steam isolation valve
~

MSLB.. Main steam li'ne break
MSSV.. Main steam safety valve

|
PSIA.. Pounds ;er square inch, absolute

' PSIG..Pount per square inch, gage'

PORV.. Power operated relief valve
PPCS.. Pressurizer pressure control system*

PLCS.. Pressurizer level control system
RCP... Reactor coolant pump

RCS... Reactor coolant system

RAS... Recirculation actuation signal
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List of Acronyms and Abbreviations (cont'd)

SCRAM.. Super critical reactor ax man

SIAS... Safety injection actuation signal
SIS... . Safety injection system

*

SCS. .. . Shutdown cooling system

SGTR... Steam generator tube rupture

SLB.... Steam line break "

SBLOCA.Snell break loss of coolant accident
SMM....Subcooled margin monitor

T ..... Reactor coolant system cold leg temperatureg

T ..... Reactor coolant system hot leg temperature
h

Tavg... Average reactor coolant system temperature
Tret... Reactor coolant system reference temperature
TMLP... Thermal margin / low pressure

TBCS... Turbine bypass control system

TBV.... Turbine bypass valve

VCT.... Volume control tank

.
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1.0 Introduction

1.1 Purpose
.

The purpose of this report is to provide the C-E Bnergency Procedure
Guidelines System in response to Item I.C.1 of NUREG-0737, " Guidance

~

for the Evaluation and Development of Procedures for Transients and

Accidents". On April 1,1980, CEN-128, entitled " Response of Combustion
Engineering Nuclear Steam Supply System to Transients and Accidents"

was submitted to the NRC. This submittal was made in response to Sec-
tion 2.1.9 of NUREG-0578, "TMI-2 Lessons Learned Task Force Status Re-

port and Short-Term Recommendations". CEN-128 contains the orig'..;
package of guidelines which form the bases for the revised emergency
procedure guidelines being provided in this report. Subsequently,

Item I.C.1 of NUREG-0737 required that emergency procedure guidelines (EPGs)

be revised to improve the technical content and to expand the scope of
multiple failures addressed. The revised EPGs in this report super-
cede the earlier EPGs that were presented in Appendix A of CEN-128.

The operational information contained in the C-E EPG system, when com-
bined with other ba' lance of plant information, provides the technical
input for the utilities owning C-E Nuclear Steam Supply Systems to de-
velop detailed emergency procedures within their plant procedures system.

The format which C-E has chosen for the EPGs provides an efficient and
effective vehicle for transmittal of NSSS operational information. There

is no requirement intended for the utilities to duplicate the C-E format
in the development of their energency procedures.

;

.

1.2 Scope

The EPG system is to be used by the utilities in the development of their,

emergency procedures. Technical information, which C-E has knowledge and
appropriate responsibility for, is contained in this report.

1-1
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.

The E''G system consists of bott EPGs and an :nadequate Core Cooling (ICC)

package. The following guidelines are contained in this report;

Reactor Trip Guideline
Anticipated Transient Without SCRAM Guideline .

Loss of Coolant Accident Guideline
Steam Generator Tube Rupture Guideline

,

Loss of Feedwater Guideline

Loss of Forced Reactor Coolant Flow Guideline
Steam Line Break Guideline

The ICC guidance package includes a functionally oriented status and
trending diagnostic and aatrix of corrective responses for each criti-

cal function addressed.

1.3 Background

The need for improvement in the area of operational guidance has been
recognized for some time. This is especially true since the TMI event.
Considerable effort has been made in improving the technicai content of
operational information and in improving the framework for delivering
this information. C-E report, CEN-156, entitled " Emergency Procedure
Guidelines Development", details- these efforts. The result of this
process is the improved EPG system contained in this report. The EPG

system provides an improved technical content contained in an improved
framework for conveying this information.

The following features have been incorporated into the improved EPG
system:

.

Event oriented EPGs address multiple failures. Multiple failures
include the failure of more than one steam generator tube, loss of -

both main and auxiliary feedwater, operator errors of both omission
and commission;

Information pertaining to the a/ailability of systems and alterna-
tive operator actions;

.

1-2
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Strategy charts to clearly and simply show the strategy employed
in each guideline;

Break identification charts to aid in the diagnosis of break loca-
tion and for the confirmation of that diagnosis;-

' Saturation /subcooling curves as an aid to the operator;.

ICC guidance package containing a plant status and trending diag-
nostic and a matrix of corrective responses.

1.4 Relationship to Previous Work

Four significant topical reports provide the basis for the work present-
ed in this report.

The small break LOCA scenario was analyzed in CEN-ll4. The analysis
documented in CEN-ll4 identified the importance of the behavior of the
reactor coolant pumps during an accident. A study of RCP influence was
performed and is documented in CEN-ll5. This report, again, demonstrated
the capability of the C-E NSSS to withstand a small break LOCA. The
principal impact of the LOCA studies documented in reports CEN-114 and
CEN-115 was that they served as a basis for revision of the C-E LOCA
emergency procedure guidelines.

To provide a basis for the development of the operator guidance conern-
ing inadequate core cooling (ICC), C-E performed a study to determine
the capabilities of the instrumentation used in the detection of an ICC

condition. The results of the study were used as a basis for preparing
.

the ICC guidance package.

'

C-E prepared CEN-128, a report entitled " Response of Combustion Engineering
Nuclear Steam Supply System to Transients and Accidents". This report
was submitted to the NRC in response to Section 2.1.9 of NUREG-0587, "TMI-2

Lessons Learned Task Force Status Report and Short-Term Recommendations".

CEN-128 contains the original package of guidelines which form the bases
for the revised emergency procedure guidelines, which are being provided

in this report.

1-3
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2.0 Description of Guidelines

2.1 General Description
.

The EPGs contained in this report provide a basis for the utilities to
review and revise, i'f necessary, their existing plant emergency procedures.

.

The guidelines presented are based on existing emergency and licensing
information, new realistic event and analyses, and information obtained
through workshops held with personnel from C-E and from C-E NSSS sup-
plied utilities.

Regulatory Guide 1.33 and ANSI 18.7 provide guidance as to the types of
procedures necessary to operate a plant. These include administrative
procedures, procedures for maintenance, detailed procedures for oper-
ation of a system or component, normal plant operating procedures
(e.g., plant startup, plant shutdown), and emergency procedures. Emer-

gency procedures are written to provide a conservative course of action
to the plant operator to deal with an emergency. These procedures are

written to provide guidance for integrated plant operations as opposed
to detailed system or equipment operating procedures. For example, un

emergency procedure may call for using the residual heat removal sys-
tem. The details of how to realign the valves or pumps of the residual

<

heat removal system are contained in the system operating procedure,
rather than the emergency procedure that calls for the use of this
system. The guidelines presented in this report are written to servr
as input to the plant emergency procedure development process. The

guidelines contain a level of detail consistent with plant emergency
procedures . The guidelines contained in this report are generic to

,
C-E NSSS supplied plants.

The EPGs, when combined with the plant status and trending diagnostic,

| included in the ICC guidance package, form a system that provides the
operator two diverse paths for implementing the emergency procedures.
Refer to Figure 2.1-1. The first path provided is to match symptom sets '

seen in the control room with symptom sets provided in the emergency pro-
cedures. If the operator has misdiagnosed events due to a similarity

2-1
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in symptoms, he can implement the correct emergency procedure by acces-
sing it via the safety functions by using the plant status and trend-
ing diagnostic.

NORMAL OPERATION
~

4
LOSS OF SAFETY FUNCTION (S)

.

+
ASSOCIATE SYMPTOMS WITH

LOSS OF FUNCTION

YES OPERATOR NO
UNDERSTANDS
SYMPTOMS

1 V 1 Y

i
REA,CTIVITY CONTROL

~

STATUS AND TRENDING DIAGNOSTIC

REACTOR TRIP REACTIVITY CONTROL

ATWS RCS HEAT REMOVAL

PRESSURE AND INVENTORY
RCS HEAT REMOVAL CONTROL

MATRIX OF ACTIONS AS FOUND
LOSS OF FLOW /NC IN EPG'S
STEAM LINE BREAK

PRESSURE AND INVENTORY
CONTROL

| ___

l LOCA

STEAM GENERATOR TUBE
RUPTURE EMERGENCY PROCEDURE GUIDELINES

SUMMARY DESCRIPTION AND USE.

.

2.2 Format and Content
.

A format for the guidelines was chosen (1) which provides a maximum effec-
tiveness in the transmittal of information from the designer / analyst to
the owner / operator and (2) which is compatib.le with the system of pro-
cedures currently in use. Each guideline contains the following sec-

tions: bases, symptoms, innediate actions, follow-up actions and pre-

cautions.

2-2
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.

The bases section provides sufficient information for the operator to
understand the intent of the procedure. This includes:

1. A walkthrough of the event addressing the full range of plant re-
sponses;-

2. A discussion of the essential safety functions challenged by the event;
3. A discussion of the symptoms associated with the event;.

4. A discussion of the actions taken and the functions that these ac-
tions are accomplishing.

The symptoms section contains a listing of parameters which character-
ize the event. This section was developed by using the results of the
realistic transient analysis, as well as previous analytical and licens-
ing results. The symptoms section includes key parameters (some of wh.ich
may be non-changing) to aid in event recognition. Information has been
gathered by surveying the types of indication available in the control
room and determining which parameters are most closely monitored by-

the operator. This information has provided a basis for the choice of
those symptoms listed in the symptoms section.

The immediate action section contains those actions which are required
to place the plant in a stable condition. Within a given guideline,
these actions are prioritized to address important functions, and are
compatable with the actions called for by other events that exhibit
similar symptoms.

The follow-up actions section contains those actions that confinn the
diagnosis and place the plant in a condition that allows recovery to be
accomplished. This could be either a return to conditions where nor-
mal operating procedures apply or a long-term shutdown condition, if nec--

essary. The essential safety functions have been addressed in both the
,

inmediate and follow-up actions sections of the guidelines. Regardless.

of the cause of the energency condition, there are certain functions
that must be addressed to ensure plant safety. Each safety function is

.

either addressed directly within a given guideline, or a reference is
made to another guideline which contains the required actions for ac-
complishment of the safety function.

!

|
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The precautions provide additional information to the operator to alert |
him to measures that ensure plant safety.

2.3 Operator Aids .

Several features have been included in order to aid the operator in
diagnosing and dealing with an accident. These are strategy charts, '

break identification charts and saturation /subcooling curves. The

strategy charts aid in showing clearly and simply the strategy used in
each guideline. Break identification charts aid in the diagnosis of
break location and in the confirmation of that diagnosis. Saturation /

subcooling curves aid the operator-in maintaining an appropriate degree
of sebcooling during both the accident and subsequent plant operations.

2.4 Generic and Plant Specific Information

The guidelines have been developed generically for all C-E plants.
Since there are NSSS and B0P systems which may vary from one plant to
another, the use of brackets...[ j. .was incorporated in the guide-
-lines. If a system, component, or measurenent set point is plant spe-
cific, it is enclosed by a set of brackets. ' This will enable each utili-
ty to verify the brae.keted information for their plant and adjust their
procedures accordingly.

.

9
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3.0 REACTIVITY CONTROL GUIDELINES.

Although all the critical safety functions are addressed in
each emergency procedure guideline, generally, the control of
one of the safety functions is of more imediate importance
than the others. It is possible to group the guidelines on
this basis. The guidelines contained in the following sec-
tions are:

3.1 REACTOR TRIP GUIDELINE

3.2 ANTICIPATE] TRANSIENTS WITHOUT

SCRAM GUIDELINE

The actions of these two guidelines are primarily directed
at the control of reactivity.

<

e

.
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3.1 REACTOR TRIP GUIDELINE

BASES

~

A reactor trip is a shutdown of the reactor accomplished by the rapid
insertion of the control elements. It is automatically initiated by the
reactor protective system when certain continuously monitored parameters '

exceed predetermined setpoints, or can be initiated manually by the.

operator if plant conditions warrant. A malfunction in the Reactor
Protective System may also result in a reactor trip signal.

Charf cterization of a Reactor Trip

A reactor trip may be the result of automatic action initiated by the
Reactor Protective System in response to any of the following typical
parameters:

a) High reactor power.
b) Low pressurizer pressure.

c) Low reactor coolant flow.
,

d) Low steam generator level,

i e) Low sten generator pressure.
f) High pressurizer pressure.
g) Thermal margin / low pressure.
h) High containment pressure
i) Turbine Trip

|

l

[A reactor trip will also result due to an automatic or manual turbine trip
at full power conditions.] A turbine trip is called for if a condition
detrimental to continued turbine operation develops. -

The parameters which result in a reactor trip signal being generated may be -

due to a plant abnormality, which when determined, may invoke the usage of
another EPG concurrently with this guideline.

RT Guideline 3-2
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Safety Functions Affected

A reactor trip results in a decrease of primary system heat generation to
decay heat. II. is an automatic safety action perfonned for reactivity

. control and does not directly impede the ability to perform any other safety
action required to place the plant in a stable condition.

.

Initial Trending of Key Parameters

Reactor , ower

As a result of the reactor trip initiation, the control element assemblies
(CEAs ) will be rapidly inserted. Steam flow to the turbine generator
will be terminated, the turbine generator output breakers will open and
the feedwater flow will automatically ramp down to [5%] flow position. A

rapid decrease in reactor power and startup rate will be observed.

RCS Temperature

Initially, heat removed by the steam generators will exceed the heat
produced in the core (decay heat), thus RCS temperature will decrease.

Pressurizar Pressure and Level

Pressurizer pressure and level will initially decrease due to the lowering
of RCS temperature. However, this effect will be subdued by operation of
pressurizer heaters and charging pumps.

Steam Generator Pressure

Since steam flow is greatly reduced due to the turbine trip, steam generator
~ pressure and temperature will increase.

. Steam Generator Level

After a reactor trip, steam generator level decreases rapidly. This is due
to a phenomena described as follows. Due to the increasing temperature in

| the steam generator, the rate of void formation is initially increased.
This is followed by void collapse cuased by the increasing pressure, and

| RT Guideline 3-3
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,

leads to a sharp drop in steam generator water level. This is usually
referred to as swell and shrink.

Plant operators should be cautioned not to overreact to this lowered level
in the steam generators. Rapidly feeding the steam generator results in .

RCS temperatures being driven down below the desired no load value.
Consequently, this could cause RCS pressure to fall to a point where the ,

pressurizer is drained and/or the Safety Injection System is actuated.
This complicates the recovery from a simple reactor trip considerably.

Event Strategy

Figure 3.1-1 provides a summary of the strategy employed in this guideline.
Only the major decision points are indicated. A detailed discussion of the
required operator actions and bases is found in the following subsections.

Bases Immediate Actions

Accompanying a reactor trip, automatic functions are initiated to safely
bring the plant to a hot shutdown condition. Verification that these
automatic functions occur properly forms an important part of this
guideline. The immediate actions are aimec' at ensuring that the reactor -

is safely shutdown and ensuring that the Auxiliary Feedwater System is
actuated to provide feed flow for the decay heat being generated.

1. An automatic reactor trip is verified. If necessary, a manual trip is
initiated. This action ensures that the proper shutdown margin is main-
tained, for reactivity control.

.

2. A full CEA insertion must be verified. If more than one CEA does not

fully insert into the core and the reactor is subcritical, emergency -

boration must be initiated to ensure the proper shutdown margin for the
decreased reactivity control If the reactor maintai.ns criticality, the
Anticipated Transients Without Scram (ATWS) Guideline must be followed.

A minimum of 10 CEAs not inserted could cause the reactor to maintain
criticality.

RT Guideline 3-4
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3. A turbine trip must be verified and the turbine stop valves should be
verified shut to minimize the cooldown rate of the RCS to within the
Technical Specification maximum allowable limit. If these actions have
not occurred automatically, they should be performed manually. This

action contributes to the accomplishment of the RCS Heat Removal*

safety function.

.

4. The initiation of an SIAS must be verified if pressurizer pressure
decreases to [1600 psia], [or if containment pressure increases to
5 psig]. If the SIS has not been automatically actuated, it must be
initiated manually. This action verifies that a safety function is

being performed; RCS inventory control and RCS heat removal.

5. If pressurizer pressure decreases to [1300 psia] following an SIAS,
all reactor coolant pumps must be stopped.

A system response identified by a depressurization transient to below
[1300 psia] following an SIAS (and subsequent operation of the SIS)
is characteristic of a LOCA. Continued RCP operation at RCS pressures

below [1300 psia] during a LOCA may result in more severe RCS conditions. ,
.

It may not be possible to distinguish between events causing a depressur-
ization in the early stages of the transient; specifically during the
time period when the immediate actions are taken. The immediate actions
required for all events are directed at placing the plant in a safe con-
dition. To avoid the necessity of a confirmation of the initiation event

during the time when the immediate actions are taken, anytime pressurizer
pressure decreases to [1300 psia] following an SIAS, all RCP operation is
terminated.

.

6. The operator should verify that the Main or Auxiliary Feedwater System
is maintaining or restoring steam generator level. Feedwater flow to-

the steam generators provides a means for either maintaining RCS cooling
or if necessary, cooling down the RCS. This action contributes to
accomplishment of the RCS beat removal safety function.

RT Guideline 3-5
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7. The PLCS is verified to be automatically controlling or restoring
pressurizer level. If not, charging and letdown are operated manually
to ensure pressurizer level is being maintained. This action verifies
that a safety function is being performed; controlling RCS inventory.

.

8. The PPCS is verified to be automatically controlling or restoring RCS
pressure. If not, pressurizer heaters or spray are operated manually

,

to control pressurizer pressure. This action verifies that a safety
function is being performed; controlling RCS pressure.

9. The generator output breakers must be verified to be open to avoid
damage to the generator when power is restored to the generator buses.

10. Station loads must be transferred to an offsite power source to provide
the necessary plant electrical power to offset the loss of power from
the turbine generator.

Bases Follow-up Actions

The follow-up actions are directed at bringing the plant to a stable condition
following the reactor trip and ensuring that a proper heat sink for the reactor
is being maintained.

1. All immediate actions are verified for their execution to check that
all the critical safety functions are being attended to.

2. The diagnosis of a reactor trip should be confirmed. If misdia5nosis
has been made, the proper emergency guideline can then be implemented.
If a definitive diagnosis cannot be made, the plant status and trending
diagnostic is referenced. This diagnostic is functionally oriented, .

and critical safety functions are attended to. The proper emergency
guideline may then be accessed. 1

,

3. [The PORV is not expected to open on a reactor trip. However, if it
does, and RCS pressure is less than 2400 psia, the PORVs should be closed.

If necessary, the PORY block valves must be closed to maintain RCS invent-
o ry. ]

RT Guideline 3-6
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4. Primary system heat removal is controlled by the steam generators
discharging steam via the Turbine Bypass Systam. If condensor vacuum

is lost or the turbine bypass valves are not available, the atmospheric
dump valves are used to maintain steam generator pressure and RCS heat

removal, this prevents the steam generator pressure from rising to'

the opening setpoint of the secondary safety valves. However, for l
radiological release considerations, use of the atmospheric dump valves-

is less desirable.

5. A minimum of [20 F + inaccuracies] of subcooling must be established to
avoid the occurrence of voiding in the RCS.

6. Turbine damage resulting from abnormal operating conditions is avoided
if the turbine generator is shut down according to manufacturer's
instructions.

7. The SIS is not expected to be actuated on a Reactor trip. However,
if the SIS was actuated, it may be stopped if RCS inventory and pressure
are adequately being controlled and heat removal capabilities are
established. These conditions are indicated by the following criteria:

U
a) RCS hot and cold leg temperatures are at least [20 F + inaccuracies]

below saturation temprature for pressurizer pressure (refer to <

UFigure 3.1-2.' Establishing [20 F + inaccuracies] of subcooling pre-
! vents void formation in the core when SIS flow is tenninated, and

provides sufficient margin for establishing flow should the [20 F +
inaccuracies] subcooling deteriorate when SIS flow is secured, and

b) pressurizer level is in the normal operating band and is responding
' ' normally to the Pressurizer Level and Pressure Control Systems .

An indicated and stable pressurizer level ensures that RCS inventory
control has been established, and-

c) at least one steam generator has an indicated level and is removing
heat from the RCS. A steam generator having an indicated level and
removing heat from the RCS ensures that primary to secondary heat
removal is being maintained.

RT Guideline 3-7
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08. If [20 F + inaccuracies] of subcooling cannot be maintained after the
SIS has been stopped, HPSI flow must be reinitiated to ensure core heat
removal and minimize the chance of voiding occurring in the RCS.

9. If all the RCPs are stopped, operation of the reactor coolant pumps -

should be attempted to ensure continued forced circulation of coolant
through the core and to provide the capability for the normal mode -

of pressurizer spray. However, only one reactor coolant pump in
each loop needs to be operated in an effort to minimize heat input
to the RCS.

If RCP operation has been terminated the possibility of RCP operation is
determined if the following criteria are satisfied:

a) A steam generator is removing heat from the RCS and thus providing
a primary heat removal function.

b) Pressurizer level and pressure are responding normally to the
Pressurizer Level and Pressure Control Systems. This assures that
primary inventory and pressure are being controlled.

c) The RCS is greater than or equal to [20 F + inaccuracies] subcooled.
An RCS subcooled condition ensures that the RCPs can be operated

without damage due to cavitation.

d) [All plant specific RCP operating criteria are satisfied before the
RCPs are restarted to prevent damage to RCPs.]

|

10. If the RCPs were stopped and cannot be restarted, the instructions in
the Loss of Forced Reactor Coolant Flow Guideline should be implemented

to establish natural circulation in the RCS.

11. At this point, the plant status should be evaluated. If necessary, a .

cooldown and depressurization to SDC entry conditions should be started
until finally, SDC is commenced.

,

RT Guideline 3-8
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FIGURE 3.1-1,
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REACTOR TRIP GUIDELINE

.

SYMPT 0MS

.

1. Reactor trip alarm.
.

2. Control rod positions indicate zero.

3. [ Negative] startup rate.

4. CEA trip circuit breaker alarms.

5. Turbine / generator trip and trouble alarms.

6. Low generator electrical output.

7. Any reactor protection system trip alarms.

8. Turbine bypass / atmospheric dump valves open.

Initial Trendin' of Key Parameters:9. g

a) Reactor Power - decreasing

b) Pressurizer Pressure - decreasing

c) RCS Temperature - decreasing

d) Pressurizer Level - decreasing

e) Steam Generator Pressure - increasing

f) Steam Generator Level - decreasing
.

.

RT Guideline 3-10

- _ _ _ - - . . ._ _ . _ _ _ _ - . , . . _ ..._ ___ - . _ , . _ . - . - _ . _ . .



i

|
IMMEDIATE ACTIONS

1. Verify that the reactor has tripped. If necessary, manually trip the
reactor.

.

2. Verify that the CEAs are fully inserted. If more than one CEA has
- not inserted fully, borate the plant in accordance with Technical

Specifications. If the CEAs have not all inserted fully, and the
reactor maintains critically, the actions of the ATWS Guideline
should be accomplished concurrently with the actions of this guideline.

3. Verify that the turbine has tripped. If necessary, manually trip the
turbine and verify that the turbine stop valves are shut.

4. If pressurizer pressure decreases to[1600 psia], [or-if containment
pressure increases to 5 psig], verify that an SIAS has been initiated.
If not, manually initiate an SIAS.

5. If pressurizer pressure decreases to [1300 psia] follawing an SIAS,
stop all reactor coolant pumps.

6. Verify that the Main or Auxiliary Feedwater System is naintaining or
restoring normal steam generator level. <

7. Verify that the PLCS is automatically maintaining or restoring pressurizer
level. If not, manually operate charging and letdown to restore or '

maintain pressurizer level.

8. Verify that the PPCS is automatically maintaining or restoring RCS
pressure. If not, manually control heaters or spray to restore pressurizer'

pressure.
.

9. Verify that the generator output breakers are open. If not, manually
trip the genrator breakers.

~

10. Verify that station loads are transferred to an offsite power source.

RT Guiceline 3-11
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FOLLOW-UP ACTIONS

1. Verify all ininediate actions have been initiated.

~

-?. Confinn the daignosis of a reactor trip event. If a misdiagnosis
has been made, implement the proper emergency guideline. If a

definitive diagnosis cannot be made, refer to the plant status and ~

trending diagnostic.
,

3. [If RCS pressure is below 2400 psia, verify that the PORVs are closed.
If necessary, isolate the PORVs or shut the PORV block valves.]

4. Operate the turbine bypass valves to maintain RCS temperature below the
temperature arrresponding to the minimum pressure setpoint of the

'

steam genet safety valves. If the bypass valves or the condenser.
are not available, use the atmospheric dump valves.

5. Maintain at least [20 F + inaccuracies] subcooling in the RCS
(refer to Figure 3.1-2).

6. Shut down the main turbine generator [in accordance with operating

instructions].

7. If the SIS is operating, it may be stopped if the following condi-
tions are satisf'ied:

a) RCS ilot and cold leg te.nperatures are at least [20 F + inaccur-
acies] below saturation temperature for pressurizer precsure
(refer to Figure 3.1-2), and

b) A pressurizer level is in the normal operating band and is re-
'

sponding normally to the Pressurizer Level and Pressure Control
Systems, and

'

c) At least the steam generator has an indicated level and is re-
moving heat from the RCS.

!

RT Guideline 3-12
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8. If [20 F + inaccuracies] of subcooling (refer to Figure 31-2) can-
not be maintained after the SIS has been stopped, the SIS must be
restarted.

9. If the RCPs were stopped, one RCP in each loop may be restarted i.f.

the following criteria are satisfied:
.

a) At least one steam generator is removing heat from the RCS, and
b) Pressurizer level and pressure are responding normally to the

Pressurizer Level and Pressure Control Systems, and

c) The RCS is at leas [20 F + inaccuracies] subcooled (refer to
Figure 3.1-2), and

d) [0ther criteria satisfied per RCP operating instructions.]

10. If the RCPs were stopped and cannot be restarted, verify that nat-
' tral circulation is accomplished per the Loss of Forced Reactor
Coolant Flow Guidelines.

t

11. Evaluate plant status. If necessary, cooldown and depressurize to
SDC entry conditions and com__ . e SPC.

.

:

R' 3uideline 3-13
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PRECAUTIONS

1. Pressurizer level should be monitored since it normally decreases
to or near the pressurizer heater cutoff level following a reactor

trip. .

2. All available indications should be used to aid in diagnosing the .

event since the accident may cause irregularities in a particular
instrument reading. Critical parameters must be verified when one
or more confirmatory indications aae available.

3. Evalauate condensate storage inventory. Conduct a plant cooldcwn

and enter SDC. prior to depleting condensate storage (if necessary).

4. Dus .,g all phases of the cooldown, monitor RCS temperature and

pressure to avoid exceeding a maximum cooldown rate greater than
Technical Specifications Limitations.

'

5. Do not place systems in " manual" unless misoperation in " automatic"
is apparent. Systems placed in " manual" must be checked frequently
to ensure proper operation. .

.

.

f

.

RT Guideline 3-14
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Figure 3.1-2
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3.2' ANTICIPATED TRANSIENTS WITHOUT ECRAT9UIDELINE

BASES

.

An Anticipated Transient Without Scram (ATWS) involves a failure in the
Reactor Protective System (RPS), following an emergency event, which pre- ~

cludes adequate insertion of negative reactivity into the core on an
autanatic RPS trip signal. The minimum number of CEAs which could remain
withdrawn and keep the reactor critical are ten (10) CEAs, and the greater
the number of CEAs which fail to be inserted, the greater the severity of
the ATWS event. Some possible causes for an RPS failure include:

1) . Failure in the RPS sensors.
2) Electrical failure in the RPS transmitters.
3) Electrical failure in the RPS logic.

4) Electrical failure in the RPS trip circuit relays.

5) Failure in the RPS trip circuit breakers.

6) Mechanical failure in the CEA mechanisms.
7) Machanical binding in the CEA travel ability.

This auideline addresses only failures in the RPS upon demand following an
'

emergency condition and not those failures which may be discovered during
routine maintenance. The RPS failure results in a loss of capability to

I quickly control core reactivity. Operator actions should be directed
towards recovering reactivity control and maintaining other plant safety

! functions to minimize any adverse consequences until reactivity control
is regained.

This guideline will be used concurrently with those guidelines required
'

to mitigate the initiating emergency event.
.

|
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Characterization of an ATWS

A malfunction of the RPS which precludes adequate insertion of negative
reactivity when a reactor trip is needed may be ob' served following-

the start of an emergency event. This situation is an ATWS. An ATWS
can be identified by indication on two or more safety grada instrument.

channels that a plant parameter has exceeded its normal reactor trip
setpoint or a manual scram has been intiated and all of the CEAs have not
fully dropped into the core. Primary and secondary key parameters (i.e.,
pressurizer pressure, steam generator pressure, etc.) may be increasing
or decreasing at various rates, depending upon the initiating event which
started the ATWS. Initially, taking action to mitigate the RPS failure
is more important than recognizing the specific transient.

Certain RPS failures may disable the normal reactor trip alarm annunciation
(e.g., RPS alarms, Supplementary Protection System alarms, Critical Func-
tional Monitoring alarms, etc.). Thus the operator should not wait for
an alarm annunciation of an abnormal parameter indication to confirm an
Anticipated Transient Without SCRAM (ATWS) event before taking aporopriate
actions. Analysis has shown that the sooner operator actions are taken
following the start of an ATWS event, the more beneficial they will be
towards mitigating the consequences for such an event. There are also

4

RPS failures which could preclude actuation of systems that receive RPS
trip signals for control; for example, the Turbine Bypass System and the
Main Feedwater System. Main feedwater will ramp down to [5%] flow following

,

| a trip signal. Given the nature of an RPS failure, the above systems may
or may not automatically function.

i- One scenario for the ATWS event involves a mismatch of feedwater flow
to steam generation. This is at a maximum if a total loss of feedwater
initiated the ATWS. Since the secondary system can no longer remove all-

of the heat generated in the reactor core, the RCS temperature and pres-
sure will increase. This may result in the pressurizer relief and/or
safety valves opening. Further increases in RCS temperature cause

ATWS Guideline 3-1~
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expansion of the reactor coolant which will increase pressurizer level
and may cause the plant to go solid. RCS pressure may increase highenough

to allow coolant leakage and reduction in pressure through the reactor
vessel flange "0" ring seal. Pressure will begin to decrease as reactor
power is reduced due to the negative moderator reactivity feedback caused
by the increasing RCS temperature. This negative reactivity addition is

~

what limits the consequences of the ATWS event.
.

The above Loss of Feedwater (LOF), when combined with an RPS failure, is

the limiting case ATWS. There are, however, a number of different
scenarios based on the initiating event. If, for example, the initiating

event is a steam line break, which is an excess steam demand event, the

operator would be faced with plant parameters that can be completely
different from the LOF event. RCS temperature and pressure would initially
decrease, which would affect the other plant parameters accordingly.

Safety Function Affected

All of the safety functions may be affected by an ATWS event. A ioss
of reactivity control will result from the RPS failure. Because insuf-

ficient negative reactivity is added to the core initially following the
initiating event, heat will continue to be added to the RCS. The RCS

,

heat removal safety function can be affected by the continued heat
addition with a mismatch in feedwater flow. If main feedwater has been

tripped, the auxiliary feedwater flow may not be sufficient. The continued

steaming from the steam generators may be via the turbine, the ADVs, the
turbine bypass valves, and/or the steam generator safety valves. However,
the ADVs and turbinc 5ypass valves should not be used in the early stages
of an ATWS to control RCS temperature and pressure if main feedwater is
not available. This, of course, is the normal means for controlling

.

RCS heat removal during an event other than an ATWS. The use of these
valves will increase the rate of steam generator dry out if main feedwater
is not available. The RCS pressure excursion will be more severe as

'

the dry out occurs earlier in the transient.

If the steam generator secondary water inventory can be maintained during l

the event, the RCS temperature and pressure excursion can be minimized.
This, of course, impacts RCS pressure and inventory control functions.

l

l

ATWS Guideline 3-18
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Initial Trending of Key Parameters

The description of key parameters listed below provide initial trending
for the LOFW/ ATWS event. These will vary according to the initiating

.

event, and therefore, may not provide an accurate assessment of initial
trending.

.

Reactor Power

Reactor Power will decrease at a slower rate than during a full CEA in-
sertion due to the RPS failure. Reactor power decreases as RCS temperature
increases due to the moderator temperature coefficient phenomenon.

RCS Temperature

Due to continued heat additions to' the RCS, temperature will increase.
The magnitude of this increase is dependent upon the initiating emergency
event.

Pressurizer Pressure and Level

Pressurizer pressure and level will increase due to the increased RCS
temperature. If the RCS heat removal has been affect'ed by the intitia-
ting emergency event, pressure could increase to the pressurizer safety

'valves setpoint and possibly higher.

Steam Genarator Pressure

Steam generator pressure will increase due to increased RCS temperature.
Pressure will increase to the steam generator safety valve setpoints and
possibly higher.

.

Steam Generator Level

Steam ger.erator water level will decrease due to increased steam genera--

tor pressure. Depending on the initiating emergency event, feedwater to
the generators may have been affected, and will result in further re-

'

duction to steam generators water level.

ATWS Guideline 3-19
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Event Strategy

Figure 3.2-1 provides' a sumary of the strategy employed in this guide-
line. Only the major decision points are indiceted. A detailed
discussion of the required operator actions an6 bases is found in

,

the following subsections.

.

Bases Imediate Actions

1. The actions of the Reactor Trip Guideline should be accomplished
concurrently with the actions of this guideline. This will verify

that all actions required when a reactor trip is necessitated
have been attempted.

2. The operator attempts to manually trip the reactor using the fol-
lowing methods:

a) Push manual trip buttons at main control board.
b) Open CEA trip breakers,
c) Deenergize control rod drive motor generators,
d) [The plant may have other means for manually tripping the

reactor, and the specific method should be inserted.here.]

The first operator action during an ATWS is directed towards
inserting the CEAs into the core by all manual methods available.

Since the Control Elemer.t Drive Mechanisms (CEDMs) must be
energized to hold the CEAs withdrawn from the core, all methods
(plant specific) of dennergizing the CEDMs should be pursued. If

the CEDMs can not be deenergized or the CEAs will not drop, tne .

CEAs should be driven into the core using the normal rod motion
controls. Jogging the CEAs may free the assemblies to drop into

,

the core. The order of the above manual methods to insert the
CEAs should be prioritized based on the most rapid means to
accomplish that method on a plant specific basis.

ATWS Guideline 3-20
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3. Maximum boration in accordance with Technical Specifications must
be commenced imediately. The maximum boron concentration should

be charged into the plant to add negative reactivity at the
maximum rate in order to shutdown the reactor. This action con-
tributes to maintenance of reactivity control. For any ATWS,.

maximum boration is also important because sufficient boron must
be added to the RCS before the plant can be cooled down to cold.

shutdown conditions. A cold shutdown boron concentration within
the RCS should be attained as soon as possible. Hence boration
should be started early since only the charging system may be
available due to high RCS pressure.

4. The operator should verify that the Main or Auxiliary Feedwater
System is restoring or maintaining steam generator level. The
main feedwater system should be used (if available). This may
require that the operator override the normal post-trip ramp
down function of the main feedwater system since this feature
of an RPS trip signal may have been automatically initiated. If

main feedwater has been lost, trip the turbine. This action
conserves secondary inventory and introduces negative moderator
feedback earlier in the transient and therebyreduces primary to
secondary mismatch. If an adequate secondary inventory is main-
tained by keeping the feedwater flowrate in balance with the
steam flow (which is dependent on the reactor power level), the
reactor coolant system will not be subjected to a significant over-
pressurization. The reactor may still be at hi h power in thisJ

situation and incapable of being rapidly shutdon n. However,

continued steaming from the steam generators (possibly through the
! safety valves) will prevent a gross heat transfer imbalance between
|
p reactor heat generation and reactor coolant system heat removal,-

thus minimizing RCS temperature and pressure increases. The action
- of verifying that feedwater is restoring or maintaining steam

generator level assures that RCS heat removal is being addressed.

|

ATWS Guideline 3-21
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|5. The initiation of an SIAS must be verified if pressurizer pressure

decreases to [1600 psia), [or if containment pressure increases to
5 psig]. If the SIS has not been automatically actuated, it
must be initiated manually. This action verifies that safety
functions are being perfonned; RCS heat removal and RCS inventory ,

control. This will.also provide another method of boration should
RCS pressure decrease. ,

4

6. All RCPs must be stopped if pressurizer pressure decreases to below
[1300 psia] following an SIAS. A system response identified by a
depressurization transient to below [1300 psia] following an SIAS
(and subsequent operation of the SIS) is characteristic of a LOCA.
Continued RCP operation at RCS pressures below [1300 psia] during
a LOCA may result in more severe CS conditions.

It may not be possible to distinguish between events causing a
depressurization in the early stages of the transient; specifically
during the time period t. hen the immediate actions are taken. The
immediate actions required for all events are directed at placing
the plant in a safe condition. To avoid the necessity of a con-
firmation of the initiation event during the time when the imediate
actions are taken, anytime pressurizer pressure decreases to [1300
psia] following an SIAS, all RCP operation is terminated. ;

7. [ Verify that the PORVs are closed if RCS pressure is below 2400
psia. If necessary, isolate the PORVs or shut the PORV block
valves to maintain RCS inventory control.]

8. Verify that containment isolation has been initiated if containment
pressure is greater than [5 psig],[or if pressurizer pressure .

decreases to 1600 psia.] If necessary, manually initiate containn.ent
isolation. This ensures that containment integrity is maintained .

to prevent unnecessary radioactive releases to the outside environ-
ment.

ATWS Guideline 3-22
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9. Varify that containm:nt spray has bsrn initiated if containment
pressure is greater than [10 psia]. If necessary, manually

initiate containment spray. This maintains containment integrity

be decreasing containment pressure and temperature using the
Containment Spray System.

.

Bases Follow-up Actions
.

The follow-up actions are directed at bringing the plant to a stable
condition following the reactor trip and ensuring that a proper heat
sink for the reactor is being maintained.

,

1. All immediate actions are verified for their execution to check
tha+, all the critical safety functions have been attended to.

,

2. The diagnosis of an ATWS event should be confirmed. If a mis-
diagnosis has been made, the proper emergency guideline can
then be implemented. If a definative dignosis cannot be made,
the plant status and trending diagnostic is referenced. This
diagnostic is functionally oriented, and critical safety functions
are attended to. The proper emergency guideline may then be

accessed.

The following actions are taken if CEAs have been inserted: 5

3. The PLCS is verified co be automatically controlling pressurizer

le"el. If not, charging and letdown are operated manually to
ensure pressurizer level is being maintained. This action verifies
that a safety function is being performed; controlling RCS inven-
tory.

,

L ,

4. The PPCS is verified to be automatically controlling RCS pressure.

If not, pressurizer heaters or spray are operated manually to-

ensure pressurizer pressure is being maintained. This action
verifies that a safety functico 's being performed; controlling
RCS pressure.

5. The operator should verify that the Main or Auxiliary Feedwater
System is maintaining or restoring steam generator level. Feed-

ATWS Guideline 3-23
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water flow to the steam generators provides a means for either
maintaining RCS cooling or, if necessary, cooling down the RCS.
This action contributes to the accomplishment of the RCS heat
removal function.

.

6. If RCP flow is tenninated, natural circulation must be established

in the RCS. This condition can be verified by referring to the -

Loss of Forced Reactor Coolant Flow Guideline and following its
instruction concurrently with this guideline.

7. If the SIS is operating, it may be stopped if RCS inventory and
pressure are adequately being controlled and heat removal capabili-
ties are established. These conditions are indicated by the fol-
lowing criteria:

a) RCS hot and cold leg temperatures are at least (20 F +
inaccuracies] below saturation temperature for pressurizer

0pressure (refer to Figure 3.2-2). Establishing [20 F + inaccuracies]-
of subcooling prevents void formation in the core when SIS flow
is terminated, and provides sufficient margin for establishing .

Uflow should the [20 F + inaccuracies] subcooling deteriorate-

when SIS flow is secured.

b) Pressurizer level is in the normal operating band and is
responding normally to the pressurizer level and pressure
control systems. An indicated pressurizer level ensures that
primary inventory control has been established.

c) At least one steam generator has an indicated level and is
~

removing heat from the RCS. A steam generator having an in-
dicated level and removing heat from the RCS ensures that pri-
mary to secondary heat removal is being maintained. '

U8. If [20 F + inaccuracies) of subcooling can not be maintained after
the SIS has been stopped, SIS flow must be reinitiated to ensure

| core heat removal and minimize the chance of voiding occurring in
the RCS.

. ATWS Guideline 3-24
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9. If the RCPs have been stopped, operation of the reactor coolant pumps
should be attempted to ensure continued forced circulation of coolant
through the core and to provide _the capability for the normal mode
of pressurizer spray. However, only one reactor coolant pump in
each loop needs to be operated in an effort to .ninimize heat input-

to the RCS.
.

The possiblity of RCP operation is determined if the following
criteria are satisfied:

a) A steam generator is removing heat from the RCS and thus
providing a RCS heat removal function.

b) Pressurizer level and pressure are responding normally to
the Pressurizer Level and Pressure Control Systems. This
assures that primary inventory is being controlled.

c) The RCS is greater than or equal to [20 F + inaccuracies)
subcooled. An RCS subcooled condition ensures that the RCPs
can be operated without damage due to cavitation.

d) All plant specific RCP operating criteria are satisfied before
the RCPs are restarted to prevent damage to RCPs. ,

10. At this point, the plant status should be evaluated. If necessary,

| a cooldown and depressurization to SDC entry conditions should be
started until finally, SDC is commenced.

The following actions are taken if the CEAs have not been inserted :
.

l

| 3. The operators must continue their efforts to get the CEAs inserted
- to ensure that a safe long-term shutdown condition can be maintained.

4. Continued boration is necessary to decrease reactor power and thereby
minimize the RCS pressure excursion if the CEAs have not been fully

inserted. Boration is also necessary to establish cold shutdown

boration concentrations.

ATWS Guideline 3-25
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5. Only after the proper boron concentration is achieved for the
required shutdown margin should the operator initiate RCS heat
removal since a decrease in RCS temperature will add positive
reactivity. RCS heat removal is achieved using main or auxiliary .

. feedwater and steain discharge to the condenser or atmosphere.

.

6. If all RCP flow is terminated, natural circulation must be

established in the RCS. This condition can be verified by re-
.

ferring to the Loss of Forced Reactor Coolant Flow Guideline and
following its instruction concurrently with this guideline. *

.

:

.

.

3

!

!
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Figure 3.2-1
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ANTICIPATED TRANSIENTS WITHOUT SCRAM GUIDELINE

SYMPTOMS
.

1. A reactor protective system setpoint has been exceeded and
.

a) Reactor power greater than normal shutdown levels,
b) Startup rate greater than normal shutdown level,
c) CEA trip breakers are not open
d) CEDM power undervoltage lights are not lit

2. Initial Trending of Key Parameters

a) Reactor power - decreasing less than expected for a

reactor trip.
,

.

b) Pressurizer 'ressure - increasing *
c) RCS temperature - increasing *
d) Pressurizer level - increasing *

e) Steam generator pressure - increasing *
,,

f) Steam generator level - decreasing *
<

|

'
.

.

*This key parameter provides initial trending for the LOF/ATWS
event. The key parameters will vary according to the initiating
event, dnd therfore, may not provide an accurate assessment of
initial trending.
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IMMEDIATE ACTIONS

1. Perform the actions of the Reactor Trip Guideline concurrently
with the actions of this guideline.

.

2. Attempt to manually insert the CEAs into the core. Perform all
*

of the following ;sions:

a) Push manual trip buttons
b) Open CEA trip breakers
c) Deenergi79 control rod drive motor generators

d) [If other methods are available to insert CEAs, insert that

information here.]

3. Commence maximum boration .n.accordance with Technical Specifica-

tions.

4. Wrify that the Main or Auxiliary Feedwater System is restoring
or maintainics steam generator level.

.

5. If pressurizer pressure decreases to [1600 psia], [or if centainment
pressure increases to 5 psig], verify initiation of an SIAS. If

necessary manually initiate an SIAS. s

6. If pressurizer pressure decreases to [1300 psia] following an
SIAS, stop all reactor coolant pumps.

7. [If RCS pressure is below 2400 psia, verify that the PORVs are

closed. If necessary, isolate the P03Vs or shut the PORV block
.

valves.]

*

8. If centainment pressure increases to [5 psig], [or if pressurizer
pressure decreases to 1600 psia], verify ininiation of containment
isolation. If necessary, manually initiate containment isolation.
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1

9. If containment pressure increases to [10 psig], verify initiation
of containment spray. If necessary, manually initiate containment

i
i4 spray.
1
.

.
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FOLLOWUP ACTIONS .

I
1

1. Verify all immediate actions have been initiated.

*

2. Confirm the diagnosis of an ATWS event. If a misdiagnosis has
been made, implement the proper emergency guideline. If a

definative diagnosis cannot be made, refer to the plant status~

and trending diagnostic.

If CEAs have been inserted:
:

3. Verify that the PLCS is functioning to restore proper pressurizer
level. If necessary, manually operate charging and letdown to
restore and maintain nonnal pressurizer level.

4. Verify that the PPCS is automatically restoring RCS pressure. If

necessary, manually control heaters or spray to restore press-
urizer pressure.

5. Maintain RCS heat removal using main or auxiliary feedwater and
steam discharge to the condenser or atmosphere.

6. If all RCPs are stoppeu, verify that natural circulation is
accomplished per the Loss of Forced Reactor Coolant Flow Guidelines
concurrently with this guideline.

7. If the SIS is operating, it may be stopped if the following con-
ditions are satisfied:

'

a) RCS hot and cold leg temperatures are at least [20 F + inaccura-
cies] below saturation temperature for pressurizer pressure
(refer to Figure 3.2-2), and*

b) Pressurizer level is in the normal operating band ad is
responding normally to the Pressurizer Level and Pressure
Control Systems, and

ATWS Guideline 3-31
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c) At least one steam generator has an indicated level and
is removing heat from the RCS.

08. If (20 F + inaccuracies] of subcooling (refer to Figure 3.2-2) .

cannot be maintaic.ed after the SIS has been stopped, the SIS system
must be restarted.

,

9. If the RCPs were stopped, one RCP in each loop may be restarted if
the following criteria are satisfied:

a) At least one steam generator is removing heat from the RCS.

b) pressurizer level and pressure are responding normally to
the Pressurizer Level and Pressure Control Systems.

c) The RCS is at least [20 F + inaccuracies] subcooled (refer to
- Figure 3.2-2).

d) [0ther criteria satisfied per RCP operating instructions.]

10. Evaluate plant status. If necessary, cooldown and depressurize to
SDC entry conditions and commence SDC.

.

If CEAs have not been inserted:

3. Continue efforts by all means available to insert all the CEAs into
the core.

4. Continue maximum boration in accordance with Technical Specifications -

until cold shutdown boron concentration is achieved in the RCS.
.

5. - After achieving required shutdown margin per Technical Specifications,
initiate RCS heat removal using main or auxiliary feedwater and steam
discharge to the condenser or atmosphere.

ATWS Guideline 3-32
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.

6. If all RCPs'were stopped, verify that natural circulation is
accomplished per the Loss of Forced Reactor Coolant Flow
Guideline enncurrent with this guideline .

.

.

.

.

-
,

4
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PRECAUTIONS

1. Do'not begin manual plant cooldown to cold shutdown conditions until
the boron concentration level in the RCS is verified to maintain

.

the reactor.subcritical.

'

2. All available indications should be used to aid in diagnos'.ng the
event since the accident may cause irregularities in a particular
instrument reading. Critical parameters must be verified when
one or more confirmatory indications are available.

3. Do not place systems in manual 'unless misoperation in automatic
is apparent. Systems placed in manual must be checked frequently
to ensure proper operation.

.

.

$

.

-
1
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I4. 0 RCS I.'lVEllTORY AND PRESSURE-

CONTROL GUIDELINES

Although all the critical safety functions are addressed in
each emergency procedure guideline, generally, the control of
one of the safety functions is of more immediate importance
than the others. It is possible to group the guidelines on
this basis. The guidelines contained in the following sec-
tions are:

4.1 LOSS OF COOLANT ACCIDENT GUIDELINE

4.2 STEAM GENERATOR TUBE RUPTURE GUIDELINE

The actions of these two guidelines are primarily directed
at RCS inventory and pressure control.

4

a

.
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4.1 LOSS OF C00lM ACCITE GJIT)ELIfES

BASES

.

The bases section to the loss of coolant accident (LOCA) emergency pro-
.

cedure guideline describes the LOCA transient in relation to the actions
which the operator takes during a LOCA. The purpose of the bases sec-
tion is to provide the operator with information which will enable him
to understand the reasons for, and the consequences of the actions he
takes during a LOCA.

.

Characterization of a LOCA

A LOCA is an accident which is caused by a break in the Reactor Coolant
System (RCS) pressure boundary. The break can be as large as a double--

ended guillotine break in the hot leg or as small as a break which re-
sutis in a loss of RCS fluid at a rate that is just in excess of the
maximum charging capacity of the plant.

.

.

Small and large break LOCAs differ in their effect on the RCS pressure
response. RCS pressure is used to differentiate between small and large
break LOCAs. However, the delineation between small and large breaks
does not need to be precise since there is a range of intermediate breaks
for which either response will produce satisfactory results. The guide-

lines take this into account with the decisions which must be made.

A LOCA is characterized by a decrease in RCS pressure and inventory and,
an increase in containment temperature and pressure (for breaks inside *

containment). The actions taken by the operator during a LOCA are aimed
at regaining control of these parameters while maintaining RCS heat re- -

moval.

LOCA Guideline 4-2
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Safety Functions Affected

Depending on break size, the LOCA primarily affects RCS inventory and
pressure control, and RCS heat removal capabilities. Also affected,
to a lesser degree, are reactivity control and containment integrity.

,

RCS inventory control is lost since the break flow rate exceeds the max-
.

imum charging pump capacity of the plant. For small breaks, RCS inven-
tory control is regained via injection from the high pressure safety
injection pumps (HPSIPs) and the charging pumps. It is also maintained
in the long-term by injection from these pumps. For large breaks, in-
ventory control is regained through the injection of water into the RCS
by the safety injection tanks (SITS) and the low pressure safety injec-
tion pumps (LPSIPs). It is maintained in the long-term through the re-
circulation of sump water through the RCS by the HPSIP. Note that for
large breaks, the RCS may never totally refill, and pressurizer level
may not be regained. Also, if the break is unisolable, injection is

required, indefinitely, to make up for the loss out the break.

RCS pressure control is initially lost since the RCS depressurizes as
a result of the loss of inventory out the break. For large breaks, the
RCS depressurizes in 10 seconds to 3 minutes with equilibrium pressures
below [300 psia] and, in the case of the largest breaks, the RCS pres-

'

sure is nearly equal to containment pressure. Because of the size of
the break, the operator never regains direct control of RCS pressure.
The RCS remains depressurized. For small breaks, the RCS depressurizes

during the short-term (10 to 30 minutes) to an equilibrium condition
,

with the steam generators. It then continues to depressurize as the

operator cools down the steam generators. Pressure control is regained
when the SIS refills the RCS and pressurizer level is regained. During

| ,

the period of time the RCS is refilling, there may be significant void-
ing in the RCS. The presence of non-condensible gases in the RCS will

| result in equilibrium pressures without the RCS being completely refilled
(i.e., there may be non-condensibles in the steam generator active tubes
and/or the upper head of the reactor vessel). However, in this condi-

tion, adequate core cooling could be detected by indication of at least

|
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[20 F + inaccuracies] of subcooling from the hot leg temperature or
core exit thermocouple instrumentation. Small break post-LOCA operator

actions which are associated with pressure control are (1) decreasing
RCS pressure by means of auxiliary sprays and controlling HPSIPs and
charging and heat removal via steam generators in order to establish shutdown .

. cooling entry conditions and, (2) isolating or depressurizing the SITS.

.

There are two paths initially available for RCS hect removal: heat trans-

fer to the secondary side via the steam generators and heat transfer
via the fluid flowing out the break. For a large break, the break is
suf/iciently large so that it is the only path that is necessary for RCS
heat removal in both the short and long-term. Heat removal is maintained
by once-through boiling (core heat boils the liquid in the reactor ves-
sel and the steam flows out the break). For small breaks in the short-
term, after the RCPs are tripped, core heat removal is maintained by
natural circulation or by relflux boiling. Since the break is not large
enough to adequately remove the heat, heat rer..cval via the steam gener-
ator is required. Thic requires that the operator maintain feedwater
(either main or auxiliary) to the steam generators and control steam
flow from the steam generators via the turbine bypass :ystem or the at-
mospheric dump valves. The p rcentage of required RCS heat removed by

the steam generators for various break sizes is illustrated in Figures

4.1-1 and 4.1-2. In the long-term, following a smalI break, once RCS pres-
sure and temperature are adequately reduced, RCS heat removal is main-
tained via the shutdown cooling system. [In the event that the feeo-
water supply to the steam generator is exhausted and the SCS is inop-
erable, the PORVs are opened to ensure that the flow from the SIS is
sufficient for RCS heat removal purpotes. The SIS will be realigned

i for cold leg injection only. Core flushing is from the cold legs through
i

| the core and out the PORV.] ,

'

Short-term reactivity control is accomplished by the reactor trip. The

reactor trip also decreases core heat generation to decay heat levels

which aids in the control of heat removal. Long-term reactivity con-

trol is accomplished through the injection of borated water by the safe-

|
ty injection system ano the charging pumps.

!
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Figure 4.1-1
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Figure 4.1-2
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If the LOCA occurs inside containment, temperature and pressure control
is accomplished by action of the containment spray system. Containment

isolation occurs either automatically, or manaally.

.

Initial Trending of Key Parameters

.

Reactor Power

Reactor power remains constant until the reactor is tripped. For large
breaks where an RCS depressurization is fast, the reactor power may be
decreasing as a result of a reactor trip. For small breaks, where a

reactor trip may not have occurred yet, reactor power may be constant.

Pressurizer Pressure

Pressurizer pressure decreases due to the loss of coolant.

RCS Temperature

Before the reactor trip for small break LOCAs, RCS temperature may not -

'

change. Following the reactor trip, for all size LOCAs, due to the re-
duction la heat input into the RCS or due to the heat removed out the
break, RCS temperature decreases.

Pressurizer Level

Pressurizer level may decrease, increase, or stay constant. This irregu-

larity in exnected initial trending of orcssurizer level is due to t reak

|, location, and is an instrument irregularity rather than being character-
istic of the system response. If the break is in the area of the pres-

surizer level instrumentation, readings obtained from this instrumenta-
,

tion may be inconsistant with true pressurizer level which is decreas-
ing for all break sizes.

LOCA Guideline 4-7
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Steam Generator Pressure

Steam generator pressure may remain constant if the break is small and
a reactor trip has not yet occurred. However, once the reactor trip

has occurred, for all sized LOCAs, steam generator pressure may decrease. .

.

Event Strategy

Figure 4.1-6 provides a summary of the strategy employed in this. guide-
line. Only the major decision points are indicated. A detailed dis-
cussion of the required operator actions and bases is found in the fol-
lowing subsections.

't

.

.

.

|
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Bases Immediate Actions

The imediate actinns are directed at regaining control of plant safety
functions; specifically, reactivity control, RCS inventory and pressure
control, and ensuring containment integrity following all sized LOCAs.

.

1. The reactor is tripped, either automatically or manually, in order
to establish short-term reactivity control. Shutting the reactor-

down decreases the core power to the decay heat generation rate
which also aids in core heat removal by minimizing core heat pro-
ouction.

2. Pressurizer pressure is less than [1600 psia], [or if containment
pressure increases to 5 psig], the initiation of an SIAS must be
verified. If it has not been initiated, the SIAS must be manually
actuated. This action verifies safety function is being perfomed;
RCS heat removal and RCS inventory control.

3. The reactor coolant pumps (RCPs) are turned off if the pressurizer
pressure falls below [1300 psia] in order to prevent the RCPs from
operating during those LOCAs for which RCP operation will increase
the severity of the LOCA.

Analysis has indicated that for a break in the bottom ofthe hot $

leg, continued operation of the RCP can result in a larger loss of
RCS fluid than if the pumps were not running. This results in a
lower coolant level in the reactor vessel and, hence, may increase
the severity of the LOCA. Since the operator has no way of know-

ing the location of the break, he is instructed to turn off the RCPs
for all LOCAs if the pressure falls below [1300 psia]. The value

'

of [1300 psia] was selected based on the following considerations.

Following a small break, the RCS pressure reaches an equilibrium*

condition with the steam generators. The maximum RCS pressure dur-

ing this " pressure plateau" is determined by the main steam safety
valves set pressure. The value [1300 psia] is greater than the max-
imum equilibrium condition, including instrument uncertainty. By

LOCA Guideline 4-9
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'

tripping the RCP when the pressure reaches [1300 psia], it is en-
sured that the pumps are tripped in a timely fashion, at a pres-
sure above that of the pressure plateau. The RCPs are not tripped
sooner for the following reason. There are some plant transients
which initially exhibit some of the same characteristics as a LOCA. .

Continued operation of the RCPs for these transients would be bene-
ficial. Therefore, the set point for stopping the RCPs was chosen

,

so that the RCPs would be stopped for LOCAs which cause a depres-
surization to less than [1300 psia], but they would not be stopped
for the non-LOCA transients which do not depressurize the RCS to
less than [1300 psia].

4. To ensure that the steam generators remain available for heat re-
moval from the RCS, a supply of steam generator feedwater, either
main or auxiliary, must be verified. Feedwater should be maintain-
ing or restoring normal steam generator level.

.

5. Containment isolation must be verified if containment pressure
reaches [5 psig], [or if pressurizer pressure decreased to 1600 psia].
This action ensures that lines penetrating containment, that are
not required for operation of the safety systems are isolated, to
minimize the release of radioactive materials to the atmosphere.

6. Containment spray is verified if containment pressure reaches [10 psig].
Its operation is essential for containment heat removal and pressure
reduction functions. [If the initial source of spray is the Iodine
Removal System, it serves a third function of removing certain types
of airborne radioactivity from the containment atmosphere.]

7. [The PORY is not expected to open on a LOCA. Howe'er, if it has, .

and pressurizer pressure has decreased to below 2400 psia, the
PORVs should be closed. If necessary, the PORV block valves must .

'

be closed to maintain RCS inventory.]

8. Letdown is isolated to preclude loss of RCS inventory to the CVCS.

LOCA Guideline 4-10
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.

9. RCS sampling should be terminated and all sampling lines should be
isolated. If necessary, this isolation should be performed manually.
Isolating sampling lines minimizes the possibility of an inadvertent
personnel exposure, and minimizes RCS inventory losses.

.

10. All other sources of leakage which can be rapidly and remotely iso-
lated are isolated in order to minimize RCS inventory losses and,.

possibly, isolate the break. This should be done rapidly, because

the operator should be focusing his attention on recovering the
plant from the LOCA.

Bases Follow-up Actions

The following actions which the operator takes are directed toward re-
covering the plant from the LOCA and placing it in a stable condition.
One of two main paths are followed depending upon whet,her the break

has been isolated.

! 1. All immediate actions are verified for their execution to check that
all critical safety functions have been attended to.

,

2. The diagnosis of a loss of coolant accident should be confirmed by
referring to Figure 4.1-7. If a misdiagnosis has been made, the prop-

er emergency guideline can then be implemented. The correct diag-

|
nosis of a LOCA is important because the leading parameter changes

| in the event (pressurizer level or pressure) can be indicative of
four different accidents. As the event progresses, the only para-
mater changes different from those expected for a SGTR are an in-
crease in containment pressure temperature and radiation, and a
lack of radiation alarms in the secondary side of the plant. If a

'

definitive diagnosis cannot be made, the plant status and trending
diagnostic is referred to. This diagnostic is functionally oriented,*

| and all critical safety functions are attended to. The proper emer-
gency guideline may then be assessed.

i

|
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3. The PPCS is verified to be automatically restoring RCS pressure.
If not, heaters or sprays are manually controlled to restore pres-
surizer pressure. The intent of this action verifies that a safety

function is being performed; controlling RCS pressure.
.

4. The PLCS is verified to be automatically controlling pressurizer
level. If not, charging and letdown are operated manually to en- -

sure pressurizer level is being maintained. This action verifies
that a safety ft:1ction is being perfonned; controlling RCS inventory.

5. RCS cooling must be maintained during the recovery from the LOCA by
continually supplying main or auxiliary feedwater to the steam gen-
erators. Steam discharge should be continued. This activity should
be performed preferentially by steam discharge to the condenser via
the Turbine Bypass System. If the condenser or Turbine Bypass Sys-
tem is not available, the ccxt order of priority for discharging

steam would be to use the atmospheric dump valves. Steam discharge

is conducted in close association with the effort to mitigate the

potential release of activity to the environment. Consequently,

it is less d,esirable to use the atmospheric dump valves for radio-
logical release considerations.

6. If all RCP operation has been terminated, natural circulation must
be established in the RCS. This condition can be verified by refer-

ing to the Loss of Forced Reactor Coolant Flow Guideline and fol-
lowing its instruction concurrently with this guideline.

7. If an SIAS has been initiated and the SIS is operating, it must con-
-tinue to operate until SIS termination criteria is met. This cri-

teria is:
-

a) RCS hot and cold leg temperatures are at least [20 F + inaccur- -

acies] below saturation temperature for pressurizer pressure
0(refer to Figure 4.1-8). Establishing [20 F + inaccuracies) of

subcooling prevents void formation in the core when SIS flow is

LOCA Guideline 4-12
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terminated, and provides sufficient margin for establishing -

flow should the [20 F + inaccuracies] subcooling deteriorate
when SI flow is secured.

b) Pressurizer level is in the normal operating band, and is re--

sponding normally to the Pressurizer Level and Pressure Control
Systems. A pressurizer level in the normal operating band and.

responding normally ensures the RCS inventory control has been
reestablished.

c) At least one steam generator hat, an indicated level and is re-
moving heat from the RCS. A steam generator having an indicated
level and removing heat from the RCS ensures that primary to
secondary heat removal is being maintained.

8. The SIS must be restarted if the [20 F + inaccuracies] of subcool-
ing cannot be maintained. This provides a sufficient margin for
system operation and precludes void formation in the RCS.

9. If the RCPs have been stopped, operation of the RCPs should be at-
tempted to ensure continued forced circulation of coolant through
the core and to provide the capability for the normal mode of pro-
viding pressurizer spray. However, only one RCP in each loop needs

,

to be operated in an effort to minimize heat input to the RCS. The
possibility of RCP operation is determined if the following criteria
are satisfied:

a) At least one steam generator is removing heat from the RCS and
thus, providing RCS heat removal function.

L1) Pressurizer level and pressure are responding normally to the-

Pressurizer Level and Pressure Control Systems. This assures
that primary inventory is being controlled.-

c) The RCS is greater than or equal to [20 F * inaccuracies] sub-
cooled. A subcooling condition in the RCS indicates that the
RCPs will not be restarted and run under RCS conditions that
would cause cavitation and render them unusable.

LOCA Guideline 4-13
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d) All plant specific RCP operating criteria are satisfied before
the RCPs are restarted to prevent RCP operation and damage re-
sulting from abnonnal operating conditions.

10. The plant status should be evaluated. If a cooldown and depressur- -

ization are necessan, this action should be performed until SCS
entry conditions are established. SCS operation should be commenced -

per normal SCS operating instructions.

If the break has not been isolated, the following actions are aimed at
reestablishing RCS inventory and pressure control while maintaining RCS
heat removal.

3. The operator records the time of day, since several of the follow-
up actions need to be performed within a defined time window rela-
tive to the start of the accident.

4. Upon termination of all RCP operation, natural circulation must be
established in the RCS. This condition can be verified by referring
to the Loss of Forced Reactor Coolant Flow Guideline and following
its instructions concurrently with this guideline.

5. A rapid plant cooldown via the steam generators, coninenced as soon *

as practicable, is beneficial for all LOCAs, particularly small breaks.

For small breaks, the steam generators are the major heat sink for
RCS heat removal. An aggressive cooldown (while holding the cool-
down rate within Technical Specification Limitations) improves RCS
heat removal by enhancing natural circulation and reflux boiling.
Furthermore, an aggressive cooldown hastens the depressurization of -

the RCS. This results in higher safety injection flows which aid

in regaining RCS inventory control. Figures 4.1-3 and 4.1-4 show '

typical SIS flowrates as a function cf RCS pressure.

For the largest breaks, the RCS depressurizes to an equilibrium pres-
sure with the containment. In this condition, the RCS fluid is at

LOCA Guideline 4-14
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Figure 4.1-3
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Figure 4.1-4
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a lower temperature than that of the steam generators. The steam |
generators, therefore, act as a heat sink, superheating the steam
which is p,roduced in the core and is flowing through the RCS to the
break. By cooling down the steam generators, the RCS steam is su-
perheated less and is therefore, more easily vented out the break..

The cooldown must be started no later than [one hour] after the LOCA.

in order to ensure that there is a sufficient supply of feedwater
to cool the plant to the shutdown cooling entry temperature.

6. In order to adequately address the requirements for maintaining RCS
heat removal, if there has been a loss of feedwater, the operator
implements the Loss of Feedwater Guideline concurrently with the
actions of this guideline.

7. Suction for the charging pumps should be realigned, within [1 hour]
after the start of the loss of coolant accident (if necessary) from
the concentrated boron source to the [RWT or any other plant speci- .

fic suitable source]. Proper shutdown margin must be maintained.

This realig'nment from a concentrated baron source to a dilute source
is made in order to avoid the possibility of boric acid precipita-
tion which Isay occur for large breaks. For large breaks, the reac- s

tor vessel refills only to the elevation of the hot leg nozzles.
Borated water is injected into the reactor vessel via the charging
and safety injection pumps and pure steam is boiled away. This may
result in boric acid being concentrated in the reactor vessel.

! Switching suction of the charging pump to a dilute source helps li-
mit the excessive buildup of boric acid in the reactor vessel while

! still allowing for suffici.ent long-term reactivity control .-

f 8. For long-term cooling purposes, if the SIS is required to be oper-.

ating for an extended period of time, the source of injection water

[RWT] should be monitored. If possible, [RWT] inventory should be
replenished.

|
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9. If the refueling water tank level falls to [107.], initiation of re-
circulation should be verified. If necessary, recirculation should
be initiated manually. Recirculation is actuated either automatical-
ly or manually, in order to maintain a continuous flow of safety in-
jection fluid to the RCS (required for inventory control) and a -

continuous flow of containment spray water (required for contain-
ment temperature and pressure control). [If the automatic or manual .

initiation of the RAS does not automatically close RWT outlet valves,
these must be manuclly closed to isolate the RWT from the SIS pumps

preclude the inadvertent air binding of the safety injection pumps].

The operator should be cautioned against prematurely initiating an
RAS. A possible complication of a premature RAS is the pumps' suc-
tion being aligned to a dry sump, consequently air binding the pumps
and loosing both heat removal loops. In addition, for events where

high containment pressure is present, the check valves in the RWT

outlet line will be forced shut and the RWT fluid will remain un-
available while the containment is pressurized.

.

10. After the switch to recirculation, the HPSIP flows are monitored
in order to ensure that HPSIP miniflow requirements are met. If

they are not met, the operator should turn off the charging pumps
one at a time until the miniflow requirements are met. If they are

still not met with all the charging pumps off and two HPSIPs are op-
erating, the operator turns off the pump with the lower flow. One

HPSIP should be left operating at all times.

11. Radiation which may be released to the environment should be moni-

.tored to determine the extent of any releases. Any releases should
be minimized. -

Containment spray may be terminated if containment pressure falls -u.

below [8 psig] since continuous use of the containment sprays may
impact the operation of equipment inside contianment, which may be
useful to recover from the LOCA. Since the containment pressure

may increase again, the containment spray system should be realigned
for automatic operation when it is terminated.

LOCA Guideline 4-18
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13. The safety injection tanks must be vented or drained, or their dis-
charge valves shut at [1.5 to 2.5 hours] after the start of the LOCA
to prevent the nitrogen cover gas from discharging into the RCS.

14. Simultaneous hot and cold leg injection is used for both small break.

and large break LOCAs at [2 - 4 hours] after the start of the LOCA.
In this mode, the HPSI pumps discharge lines are realigned so that

,

the total ir.jection flow is divided equally between the hot and
cold legs. Simultaneous injection into the hot and cold legs is
used as the mechanism to prevent the precipitation of boric acid
in the reactor vessel following a break that is too large to allow
the RCS to refill. Injecting to both sides of the reactor vessel
ensures that fluid from the reactor vessel (where the boric acid is
being concentrated) flows out the break regardless of the break lo-
cation and is replenished with a dilute solution of borated water
from the other side of the reactor vessel. The action is taken no

sooner than [ 2 hours] after the LOCA in order to ensure that the
fluid injected to the hot leg is not entrained in the steam being
released from the core and swept out the break, thereby, bypassing
the reactor vessel. After [ 2 hours], the core decay heat has
dropped sufficiently so that there is insufficient boil-off to en-
train the fluid being injected to the hot leg. The action is taken

ro later than [ 4i hours] after the LOCA in order to ensure that ,

the buildup of boric acid is terminated well before the potential
for boric acid precipitation occurs. Even though the action is re-
quired only for large breaks, it is taken for any LOCA so that the
operator need not be required to distinguish between large and small
breaks so early in the transient. Simultaneous hot and cold leg
injection is not required for small breaks because for them, the

- buildup of boric acid is terminated when the RCS is refilled. Once
the RCS is refilled, the boric acid is dispersed throughout the RCS

via natural circulation..

15. For certain sized breaks (small breaks) entry into shutdown cooling
is desired. The Shutdown Cooling System is utilized if certain
plant conditions exist.
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If refilling of the RCS is at all possible, the time necessary to

refill the RCS and regain control of pressure and inventory depends
on break size, break location, and the number of HPSI pumps and
charging pumps actuated. With only one HPSI pump actuated, for a
break located on the bottom of the cold leg, it may take as long ,

as [8 hours] to refill the RCS. With all injection pumps operable,
the time is about [1 hour]. ,

At [about 8 hours] after the LOCA, if the RCS liquid level is suf-
ficient for entry into the shutdown cooling mode (pressurizer level
is stable), the HPSI pumps are maintaining system pressure (RCS hot
and cold leg temperatures are at least [20 F + inaccuracies] below
saturation temperature for pressurizer pressure) and the steam gen-
erators are available to reduce the RCS temperature to the shutdown
cooling entry value SCS operation may be appropriate if the SCS
is available. A verification, or establishment of RCS hot leg temp-

erature less than [400 F] should be made. Before the SDC System is

operated, RCS activity levels must be determined since the RCS fluid
will now be circulated outside of the containment building. The

condensate inventory must be checked to ensure that the supply is
sufficient to cool down the plant to SCS entry conditions. Other

plant specific prerequisites for SCS operation must be considered.
Once appropriate SCS operation is determined to be feasible, the
plant is prepared for this mode of operation.

[The SIS must be realigned to discharge entirely to the cold legs.]
The RCS is depressurized to [300 psia] by preferentially using aux-
fliary spray. [Another operational alternative for the RCS pres-
sure reduction is to throttle the HPSI pumps and adjust charging
pump flow (if the pressurized is solid) to maintain level and con- .

trol pressure. Refer to Figure 4.1-5.] The shift is then made to
the shutdown cooling mode and shutdown cooling is initiated per ,

Ioperating instructions.
I

'

!
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Figure 4.1-5

RCS EQUILIBRIUM PRESSdRE (PSIA) FOR STEAM VENT RATE

g Break Diameter (in)
9

Operational Pumps 1 2 3 4 6 8 10 12a

h 2HPSIP + 3 Charging 1560! 1320 1020 820 425 275 155 110

$ 2HPSIP + 2 Charging 1360! 1200 980 780 420 270 155 110
5 2HPSIP + 1 Charging 1240! 1140 940 740 400 270 150 105

2HPSIP 2LPSIP 1220 | 1090 860 640 330 210 200 200

1200 ';1HPSIP + ILPSIP 960 610 385 200 200 200 200

2HPSIP + 3 inj valves 1220 1 1090 3b0 640 330 210 140 100

2HPSIP + 2 inj valves 1220 1 1040 810 590 300 195 125 85

2HPSIP + 1 inj valve 1220 | 1020 740 500 260 155 110 75

1HPSIP + 3 Charging 1550 | 1200 800 500 230 135 -90 60

? lilPSIP +~ 2 Charging 1300 1 1100 720 460 225 130 85 60
U '

lHPSIF + 1 Charging 1230 i 990 680 440 21 5 125 85 60

lHPSIP 1200| 960 610 385 200 120 80 55

lHPSIP + 3 inj valves 1140| 860 560 340 180 105

lHPSIP + 2 inj valves 1140 1 820 380 285 140 80

lHPSIP + 1 inj valve 1060!__6_2_0____300_175 85

2LPSIP 202 202 200 1 200 195 190 185 175

ILPSIP 200 200 195 ! 190 190 180 170 160-

~ ~ ~~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ --

3 Charging 1200 320 180 100

2 Charging 800 200 110 55

1 Charging 340 110 55

indicates reactor decay heat at 20 minutes
---- indicates reactor decay heat at 4 hours



If pressure and inventory control have not been established at [8 hours],
(i.e., the break.is larger than the sizes which would cause an RCS
refill at 8 hours) the SCS is not operated. If SCS operation is
not appropriate due to the above mentioned conditions, or if the sys-
tem is not available, RCS heat removal mu:t be maintained via the .

steam generators or by removing heat out the break. Preferentially,
steam generator heat removal is maintained using main or auxiliary .

feedwater and steam is discharged via the condenser or atmosphere.
If main and auxiliary feedwater are unavailable, alternate supplies
of feedwater should be employed. Examples of alternate sources of
feedwater are fire pumps, condensate pumns, temporary water transfer
pumps, etc. These alternate sour:es of feedwater should be investi-

gated in the plant emergency procedures. Steam discharge to the
condenser or atmosphere is contint d. [ Lastly, the pressurizcr PORV
may be opened and the SIS aligned for cold leg injection for heat
removal purposes.]

16. If RCS pressure and inventory control at [8 hours] has not been es-
tablished, the break may be too large for absolute assurance that
proper suction is available for the shutdown cooling mode; however,

in this event there is assurance that the continuation of simulta-
neous hot and cold leg injection alone will both cool the core and
flush the reactor vessel indefinitely.

.

.
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Figure 4.1-6
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LOSS OF COOLANT ACCIDENT GUIDELINE

SYMPTOMS

'

l. Pressurizer level decreasing. -

2. Reactor trip alarm. .

3. Safety Injection System (SIS) may have automatically actuated.

4. Possible increase in containment pressure, temperature, radiation,
humidity and containment sump level.

5. Possible high quench tank level, temperature, or pressure.

6. Possible noise indicative of a high energy line break.

7. Decrease in volume control tank level.

8. Standby charging pumps energized.

9. Unbalanced charging and letdown flows.
4

10. Initial Trending of Key Parameters:

a) Reactor power - constant or decreasing
b) Pressurizer pressure - decreasing
c) RCS temperature - constant or decreasing

.

d) Pressurizer level - constant, decreasing or increasing
e) Steam generctor pressure - decreasing -

f) Steam generator level - constant or decreasing
.
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Il91EDIATE ACTIONS

1. Verify that the reactor has tripped. If not, manually trip the

reactor and carry out standard post trip actions.

2. If pressurizer pressure decreased to [1600 psia], [or if contain-*

ment pressure icnreases to 5 psig], verify that an SIAS has been
initiated. If not, manually initiate an SIAS.-

3. If pressurizer pressure decreases to [1300 psia] following an SIAS,
stop all reactor coolant pumps.

4. Verify that the Main or Auxiliary Feedwater System is maintaining
or restoring normal steam generator level.

5. If containment pressure increases to [5 psig], [or if pressurizer
pressure decreases to 1600 psig], verify initiation of containment
isolation. If necessary, manually initiate containment isolation.

6. If containment pressure increases to [10 psig], verify initiation
of containment spray. If necessary, manually initiate containment
spray.

7. [If pressurizer pressure is below 2400 psia, verify the PORVs are
closed. If not, manually close the PORVs or PORV block valves.]

{ 8. Verify that the letdown line is isolated. If necessary, manually
close the letdown isolation valves.

9. If sampling is in progress, terminate this activity. Verify sample;

| lines are isolated. If necessary, manually isolate sample lines.
'

10. [If there are other possible sources of leakage that can be rapidly*

,

' and remotely isolated, insert that information here.]

LOCA Guideline 4-25
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FOLLOW-UP ACTIONS

1. Verify all immediate actions have been initiated.

2. Confirm the diagnosis of a loss of coolant accident by referring to
Figure 4.1-7. If a misdiagnosis -has been made, implement the proper -

emergency guideline. If a definitive diagnosis cannot be made, re-
fer to the plant status and trending diagnosis . -

If the break has been isolated:

3. Verify that the PPCS is automatically restoring RCS pressure. If

not, manually control heaters or spray to restore pressurizer pressure.

4. Verify that the PLCS is automatically maintaining or restoring pres-
surizer level . If necessary, manually operate charging and letdown
to maintain or restore normal pressurizer level.

5. Maintain RCS cooling by supplying main or auxiliary feedwater to
the steam generators and discharging steam to the condenser or at-
mosphere. .

.

6. If all RCPs have been stopped, verify that natural circulation is
accomplished per the Loss of Forced Reactor Coolant Flow Guidelines

'

consurrently with this guideline.

7. If the SIS is operating, it may be stopped if the following condi-
tions are satisfied:
a) RCS hot and cold leg temperatures are at least [20 F + inaccur-

acies] below saturation temperature for pressurizer pressure
'

(refer to Figure 4.1-8), and
b) pressurizer level is in the normal operating band and is respond-

ing normally to the Pressurizer Level and Pressure Control Sys- '

tems, and

c) at least one steam generator has an indicated level and is re-
moving heat from the RCS.

i
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8. If [20 F + inaccuracies] of subcooling (refer to Figure 4.1-8), and
not be maintained after the SIS has been stopped, the SIS must be
restarted.

9. If the RCPs were stopped, one RCP in each loop may be restarted if.

the following criteria are satisfied:

a) At least one steam generator is removing heat from the RCS, and
,

b) pressurizer level and pressure are responding normally to the
Pressurizer Level and Pressure Control Systems, and

c) The RCS is at least [20 F + inaccuracies] subcooled (refer to
Figure 4.1-8).

d) [0ther criteria satisfied per RCP operating instructions.]

10. Evaluate plant status. If necessary, cooldown and depressurize to
SDC entry conditions and commence SDC per operating instructions.

If the break has not been isolated:

3. Record the C,ne of day.

4. If all RCPs are stopped, verify that natural circulation is accomp-
lished per the Loss of Forced Reactor Coolant Flow Guideline con-
currently with this guideline. <

5. Commence a rapid controlled plant cooldown at a rate within Tech-
nical Specification Limitations as soon as possible but no later
than [1 hour] after the start of the loss of coolant via the steam
generators. Continue to maintain normal steam generator level with

'

main or auxiliary feedwater and discharge steam to the condenser or
atmosphere.'

6. If a loss of feedwater has occurred, the Loss of Feedwater Guideline*

must be accomplished concurrently with this guideline.

LOCA Guideline 4-27
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7. [If the charging pumps are taking suction from a concentrated boron |

source, realign suction to the RWT or other suitable source within

.[1 hour] af ter the start of the loss of coolant accident.] |

8. Monitor the refueling water tank ' evel . If possible, replenish as -

necessary.

.

9. If the refueling water tank level falls' to [10%], verify initiation
of recirculation. If necessary, manually initiate recirculation and
[close RWT outlet valves to the safety injection system].

10. If the HPSI pumps are delivering less than [30 gpm] per pump dur-
ing recirculation, turn off one charging pump at a time until the
HPSI pumps are delivering more than [3D gpm] per pump. If the HPSI
pumps are still delivering less than [30 gpm] per pump with all the
charging pumps turned off, turn off the HPSI pump with the lower
indicated flow.

11. Monitor radiation levels to determine environmental releases.

'

12. If the CSAS has been actuated and containment pressure subsequently
falls below [8 psig], contaimnent spray may be terminated. Upon

tennination, it must be realigned for automatic actuation.

13. .After [1.5 - 2.5 hours] after the start of the loss of coolant event,
[ isolate, vent, or drain the safety injection tanks (SIT)].

14. At [2 - 4 hours] after the start of the loss of coolant event, align
the [ SIS] for hot and cold leg injection.

.

15. If RCS pressure and inventory control is established (i.e., pres-
surizer level is stable and RCS hot and cold leg temperatures are -

at least [20 F + inaccuracies] below saturation temperature for pres-
surizer pressure) within [8 hours], and the steam generators are re- ;

moving heat, conduct one of the following activities:

'

!

1
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a) Cooldown the RCS to SDC entry conditions by verifying or estab-
lishing RCS hot leg temperature less than [400 F]:
(1) Detennine if SDC operationis appropriate by

1) RCS activity levels
ii) Condensate inventory-

iii) [0ther plant specific information, insert here.]
.

(2) [ Realign the SIS for cold leg injection.]

(3) Depressurize the RCS to [300 psig] by:
i) Using auxiliary spray

ii) Decreasing SI and charging pump flow if the pressur-
izer is solid to maintain level and control pressure.

(4) Initiate shutdown cooling per operating instructions.

b) Maintain RCS heat removal via alternate means (listed in order
of decreasing preference):
(1) Maintain steam generator heat removal using main or auxili-

ary feedwater while discharging steam to the condenser or
atmosphere.

(2) [ Maintain steam generator cooling using alternate methods s

of feedwater while discharging steam to the condenser or
atmosphere.]

(3) [0 pen pressurizer PORV and align the SIS for cold leg in-
jection.]

16. If RCS pressure and inventory control cannot be established within'

[8 hours], continue hot and cold leg injection.
.
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PRECAUTIONS

1. During all phases of the cooldown, monitor RCS temperature and pres-
sure to avoid exceeding a maximum cooldown rate greater than Tech-

nical Specifications.
.

2. Do not place systems in " manual" unless misoperation in " automatic"
is apparent. Systems placed in " manual" must be checked frequently -

to ensure proper operation.

3. All available indications should be used to aid in diagnosing the
event since the accident may cause irregularities in a particular
instrument reading. Critical parameters must be verified when one
or more confirmatory indications are available.

4. If there is a high radioactivity level in the reactor coolant sys-
tem, circulation of this fluid through the SCS may result in high
area radioactivity readings in the [ auxiliary building]. The acti-
vity level of the RCS should be determined prior to initiating SCS flow.

5. For small breaks in the RCS where the steam generators are import-
ant for heat removal, one steam generator must be used for this pur-
pose even if primary to secondary leaks are detected.

6. Evaluate condensate storage inventory. Conduct a plant cooldown and

enter SDC prior to depleting condensate storage.

7. The operator should be cautioned against prematurely initiating an
RAS. This manual action should not be taken unless an automatic
RAS is required.

.

.

t

i
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Figure 4.1-7
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14 . 2 STEAT GENERATOR TUBE RUPTURE GUIDELIrlE

BASES
.

The steam generator tube rupture accident is a penetration of the,

barrier between the Reactor Coolant System (RCS) and the Main Steam
System. The penetration can range from the failure of an etch pit,
or a small crack in a U-tube or weld joining the U-tube to the tube
sheet, to a single tube double-ended rupture. A steam generator tube
inside diameter is 0.67 inches. A complete severance of a tube which
allows reactor coolant to flow out both ends has an equivalent flow
area of approximately 0.7 square inches. This size may be compared to
0.072 square inches, the smallest hole which is classified as a loss of
coolant. The loss of coolant ficwrate for a steam generator tube rup-
ture differs from the classic loss of coolant accident in that the
backpressure opposing flow is the steam generator pressure instead of
the containment pressure.

Characterization of a SGTR Event

A steam generator tube rupture is characterized by specific parameters
that may be noted in the control room. Some of these indications are:

a) Radiation monitors indicating an increase at the air ejector
discharge, at the steam generator blowdown lines, at the

| turbine or au'xiliary building ventilation monitors, at the
| stack monitor, and/or in the steam generator liquid sample.

'

These monitors may alarm due to a steam generator tube rupture.

b) Decreasing level in the volume control tank.*

|

c) An unaccounted mismatch in the charging and letdown system

flowrates.
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d) An unaccounted mismatch in the steam generator feed and steam
flowratec, Feed flow experiences a decrease in proportion to j

the magnitude of the rupture. Without the steam generator blow-
down system operating, for a double-ended rupture, feed flow
will be approximately 50 lbm/sec lower than steam flow. Small -

ruptures will produce a relatively unnoticeable change in feed
fl ow. Steam flow remains relatively constant for small and .

large ruptures unless the event results in a reactor trip and |

subsequent turbine trip when steam flow goes to zero.

e) Relatively constant temperature and power indications.

f) An increasing steam generator water level.

Safety Functions Affected

The steam generator tube rupture accident directly affects two critical
safety functions. One is RCS inventory control. The second critical
safety function affected is containment integrity and radiation control
as contamination and radiation control are transferred from tne reactor
coolant boundary to the operator.

RCS inventory control.is affected in the following manner. The rupture #

size determines whether an automatic reactor trip occurs. The inventory
loss out a double-ended tube rupture will exceed the total maximum charg-
ing flow into the RCS. Consequently, pressurizer level and pressure
decrease and a reactor trip occurs. Pressure and level fall rapidly
following the trip, emptying the pressurizer and initiating an SIAS.
All heaters are deenergized due to low pressurizer level.

.

For the double ended rupture of one steam generator tube, wihtout oper-
ator action, the reactor trip is expected at approximately 6-10 minutes ~

after rupture. Although multiple tube failures could result in a more
rapid plant response, the operator actions would not change.
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Ruptures within charging system capacity will not result in a continu-
ously decreasing pressurizer level and pressure, since the automatic
operation of the PLCS may stop the decrease. An automatic reactor trip
may not occur and a controlled reactor shutdown should be performed.

.

In Oddition to the loss of reactor coolant caused by a steam generator
tube rupture, fission products and activated corrosion products, normal-,

ly suspended in the reactor coolant, will be transferred from the pri-
mary to the secondary plant. Steam plant vents and exhausts provide a
potential path to the environment for the radioactive products.

The transfer of fission and activated corrosion products from the RCS
to the affected steam generator will result in increased levels of ac-
tivity in the steam generator liquid sample. A high radiatior, alarm
could occur in the Steam Generator Blowdown Monitoring System. Acti-
vated products will be carried into the steam plant by the main steam
flow. The non-condensible gases will eventually be exhausted to the
environment by way of stack via the air ejector exhaust and may alarm
the Radiation Monitoring System. As a result of gases being emitted,
and the build-up of activity in the affected steam generator, general
area radiation levels in the turbine and auxiliary buildings will in-

crease and may cause area radiation monitors to alarm. Ventilation
exhaust and stack monitors may also alarm. For double ended tube rup-

tures, the expected order of alarms is: air ejector, blowdown, venti-

lation and stack monitors. For small tube leaks, the first indication

may be a high activity level in the steam generator liquid sample.

Initial Trending of Key Parameters

'

Reactor Power

In response to a steam generator tube rupture, reactor power initially remains'

,

constant. For ruptures within the capacity of the available charging
pumps (small ruptures), a reactor trip does not occu.r, and a controlled'

reactor sl utdown should be performed. Ruptures exceeding the capacity
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of the available charging pumps (large ruptures) will result in a reac-
tor trip on thermal margin / low pressure in a time dependent on the size
of the rupture.

*Pressurizer Pressure and Level

Pressurizer pressure and level responses are dependent on the size of ~

the tube rupture. Level and pressure remain relatively constant for
small ruptures due to the automatic operation of the pressurizer level
and pressure control system. Large ruptures result in a slowly decreasing
pressurizer level due' to a decreasing pressurizer level. The continued

~ decrease in pressurizer pressure following the rupture subsequently ini-
tiates a thermal margin / low pressure reactor trip without operator action.
At about the same time, pressurizer level falls below the heater cutoff

level,and all heaters are deenergized. Pressurizer pressure,and level
then fall rapidly, resulting in an SIAS and emptying of the pressurizer.
If RCS pressure falls below the Safety Injection System pump shut-off
head, they will itstore the RCS pressure and inventory control.

RCS Temperature

The RCS temperatures remain constant throughout the event for small
ruptures and until the reactor trips for the large ruptures. Following

the reactor trip for large ruptures, the PCS hot and cold leg tempera-
ture will eventually equalize at the hot standby value.

Steam Generator Pressure

Steam generator pressure remains relatively constant for small ruptures.
'

The reactor trip due to a large break causes a turbine trip, and the re-
duced steam demand rapidly raises steam generator pressure. The Turbine
Bypass System automatically actuates to control main steam pressure.

~

The pressure is eventually reduced to the hot standby value.
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Steam Generator Level

Steam generator water level remains constant for small ruptures. Large
ruptures cause a slow increase in level. The water level in the affect-
ed steam generator increases approximately 3% before reactor trip. A.

smaller increase could be expected for small ruptures. The 3% increase

in level is well within normal oscillations due to the Feedwater Control.

System operation and may not be noted in the control room. Level exper-
iences a sharp decrease following the reactor trip and turbine trip,
followed by a steady increase due to the rupture and Feedwater Control
System.

Event Strategy

Figure 4.2-1 provides a summary of the strategy employed in thi,s guide-
line. Only the major decision points are indicated. A detailed dis-
cussion of the required operator actions and bases is found in the fol-

,

lowing subsections.
.

.

Bases Immediate Actions

The immediate corrective actions taken are directed towards two main
'objectives; regaining pressurizer level and pressure control and re-

establishing the integrity of the containment. The former is accomp-

lished using charging or the Safety Injection System, and the latter
by monitoring the Ventilation Systems' radiation monitors and taking
corrective actions, if necessary.

The following immediate actions are taken if pressurizer level is being
'

maintained by the Pressurizer Level Control System (the SGTR is within
the capacity of the available charging system).

.

1. Reactor power is reduced at a rate that will not cau - an automatic
reactor trip. A controlled reactor shutdown is initiated. A con-
trolled reactor shutdown is preferred to a trip for three reasons.
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First, a ramp down in reactor power will reduce the likelihood of

a turbine trip. A turbine trip has the potential to cause a loss

of condenser systems and lift the secondary safety valves increas-
ing releases to the environmeat. Second, a controlled power reduc-
tion will increase the availability of the reactor coolant pumps.

-

Third, a crud burst is less likely during a controlled reactor shut-
down. -

The reason for performing a reduction in the steaming rate is fuad-
amentally for radiological considerations. Reduced steaming slows

the transfer of radionuclides from the steam generator to the con-
denser, which are then exhausted via the air ejectors and building
ventilation to the environment. Reduced steaming rate also enhances

the concentration of radionuclides within the affected steam gener-
ator providing earlier identification of the affected steam gener-
ator and isolation from further releases to the environment.

2. The PPCS is verified to be automatically controlling or restoring
3 pressure. If not, pressurizer heaters or spray are operated

manually to control pressurizer pressure. This action verifies
that a safety function is being performed; controlling RCS pressure.

3. The PLCS is verified to be automatically controlling or restoring
pressurizer level. If not, charging and letdown are operated man-
ually to ensure pressurizer level is being maintaiend. This action
verifies that a safety function is being performed; controlling RCS

'

inventory.

|

| 4. The operator should verify that the Main or Auxiliary Feedwater Sys-
'

tem is maintaining or restoring steam generator level. Faiwa ter
flow to the steam generators provides a means for maintaining RCS
heat removal or, if necessary, cooling down the RCS. This action -

contributes to accomplishment of the RCS heat removal safety function.

5. Steam generator blowdown is isolated. Steam generator blowdown can

| |

|
'

SGTR Guideline 4-38
._ - .. _ __ . _ - - - - - _ , . - - . _ __ -



transmit activity to the environment via blowdown tank vents and

must be isolated until it can be redirected to a contaminated hold-
up tank.

6. The [ turbine]and Etuxiliary] building Ventilation System monitors are-

observed, and corrective actions are taken, if necessary, in accor-
dance with plant Technical Specifications. The Ventilation Systems.

provide a filtered path to the environment for radionuclides taken
from the condenser by the air ejectors. These systems are isolated
only if necessary.

The following immediate acitons are taken if pressurizer level cannot
be maintained by the Pressurizer Level Control System (the SGTR is in
excess of the capacity of the available charging system), or a reactor
trip has occurred:

1. An automatic reactor trip is verified. If the reactor has not
tripped automatically, a manual trip is initiated and standard post
trip actions are carried out. Without operator action, a large
rupture should result in an automatic reactor trip on thermal mar-

,

gin / low pressure. If an automatic trip has not occurred, a manual
. action assures that the reactor is tripped. Manually tripping the
reactor, if this can be done before system pressure goes below the
thermal margin / low pressure setpoint, prevents the unnecessary challenge
of a Reactor Protective System function. Tripping the reactor
reduces steam flow and a subsequent transfer of radioactivity to
the environment.

! 2. Maximum charging flow is injected into the RCS. This action is
"

necessary to ensure that an attempt to regain inventory control is
being made. This also ensures that borated water is being added
at the maximum rate to the RCS for reactivity control.-

3. If pressurizer pressure is less than [1600 psia], [or if containment
pressure increases to 5 psig], the initiation of an SIAS must be ver-
ified. If it has not been initiated, the SIS must be manually actuated.
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This action verifies safety functions are being performed; RCS
heat namoval and RCS i..ventory control.

4. If pressurizer pressure decreases to [1300 psia] following an SIAS,
all reactor coolant pumps must be stopped. A system response iden- .

tified by a depressurization transient to below [1300 psia] follow-
ing an SIAS (and subsequent operation of the SIS) is characteristic

.

of a LOCA. Continued RCP operation at RCS pressures below [1300 psia)
during a LOCA may result in more severe RCS conditions.

It may not be possible to distinguish between events causing a de-
pressurization in .the early stages of the transient; specifically
during the time period when the immediate &ctions are taken. The
immediate actions required for all events are directed at placing
the plant in a safe condition. To avoid the necessity of a con-
firmation of the initiating event during the time when the immediate
actions are taken, anytime pressurizer pressure decreases to [1300 psia]
following an SIAS, all RCp operation is tenninated.

a. Letdown is isolated. This action verifies that RCS inventory is
being managed.

6. Steam generator blowdown must be isolated. Steam generator blow- <

down can transmit activity to the environment via blowdown tank
vents and must be isolated until it can be redirected to a contami-
nated hold-up tank.

7. The [ turbine] and [ auxiliary] building Ventilation Systems must be
monitored and corrective actions must be taken, if necessary, in
accordance with plant Technical Specifications. The ventilation -

systems provide a filtered path to the environment for radionuclides
taken from the condenser by the air ejectors. These systems are .

isolated, if necessary.
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i Bases Follow-Up Actions

The follow-up actions are directed towards a plant cooldown and depres-

.

surization. The leak rate through the rupture is proportional to the
square root of the differential pressure across the break and is sub-
stantially reduced by lowering the RCS pressure. Reduced leak flow rate-

reduces the radiological impact of the accident.
.

1. All immediate operator actions should be ver,ified. This assures
that the critical safety functions affected by a SGTR accident
have been attended to and regaining control of the plant has been
initiated.

2. The diagnosis of a SGTR event should be confirmed by referring to
Figure 4.2-2. If a misdiagnosis has been made, the proper emergency
guideline can be implemented. The correct diagnosis of a SGTR event
is important because the leading parameter changes in the event
(pressurizer level or pressure) can be indicative of four different
accidents.

There is no single indication of a steam generator tube rupture
but rather a series of plant indicators that must be utilized in,

the determination. The attached diagnostics chart (Figure 4.2-3).
t illustrates how a change in pressurizer level can be indicative of ,

four different accidents. The key indicators that are found on
Figure 4.2-3, used for identify 'a a SGTR, are as follows:

1. Pressurizer Pressure - decreasing, and
Pressurizer Level - unexplained change

'

2. Steam Generator Pressure - initially normal or rising,
then a sharp increase following the reactor / turbine trip
and a slow decrease back to hot standby pressure*
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3. Containment Pressure - normal

Containment Radiation - normal
Containment Sump Level - normal

4. Radiation Monitor Air Ejector Discharge - abnormally high*

.

or alarming

.

If a definitive diagnosis cannot be made, the plant status and trend-
ing diagnostic is referenced. This diagnostic is functionally oriented,
and all critical safety functions are attended to. The proper emergen-

cy guideline may then be accessed.

3. The steam generator with the tube rupture should be determined hy
performing certain steps. These staps include:

a) Monitoring and/or sampling the steam generators for activity
b) Monitoring the main steam piping for activity

c) If appropriate, specific plant instructions for determining

which steam generator is affected should be performed

This action ensures that radiation control can be established by
the isolation of the proper steam generator.

s

4. If all reactor coolant pump operation is tenninated, natural cir-

culation must be established in the RCS. This condition can be
verified by referring to the Loss of Forced Reactor Coolant Flow
Guideline and following its instruction concurrently with this
guidriine.

5. The RCS should be cooled down and depressurized until the RCS hot -

leg temperature is less than [545 F]. A reactor plant cooldown and
associated pressure reducticn significantly reduces the leak flow- .

rate. This action should be performed preferentially hy feeding
the steam generators with main or auxiliary feedwater and dumping
steam to the condenser via the turbine bypass system. If the con-
denser or turbine bypass system is not available, the next order of
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priority for discharging steam would be_ to use the atmospheric dump,

valves. .The reactor plant cooldown is conducted in close associa-

tion with.the effort to mitigate the potential release of activity
to the environment. It is less desirable to use the atmospheric
dump valves to reduce system pressure for radiological release,

considerations.

F 6. If an SIAS has. been initiated and .the SIS is operating, it must
continue to operate until SIS termination criteria .is met. This
criteria'is:

Ua) RCS hot and cold leg. temperatures are at least [20 F + inaccur-
acies] below saturation temperature for pressurizer pressure
(refer to Figure 4.2-3). Establishing [20 F + inaccuracies] of
subcooling prevents void - formation in the core when SIS flow

is terminated,~and provides sufficient margin for reestablish-
,

ing flow should the [20 F + inaccuracies] of subcooling deteri-
orate when flow-is secured. [For plants with high head HPSI
pumps, this margin is attainable prior to the opening of the
PORVs, enabling the operator to prevent an unnecessary loss
of primary coolant.

3-

b) Pressurizer level is in.the normal operating band, and is re-
sponding normally to the Pressurizer Level and Pressure Control
Systems. A pressurizer level in the normal operating band and
. responding normally ensures inventory control has been reestablished.

,

c) At least one steam generator has an indicated level and is re-
moving heat from the RCS. A steam generator having an indicated
level and removing heat from the RCS ensures that primary to.

secondary heat removal is being maintained.

.

U7. The SIS must be restarted if the [20 F + inaccuracies] of subcooling
cannot be maintained. This provides a sufficient margin for system
operation. If a subcooling margin does not exist, the RCS pressure
could fall- below the isolated steam generator pressure and the flow

4
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through the rupture could reverse direction, causing the isolated
steam generator water to dilute the reactor coolant boron concentra-
tion.

8. After the RCS hot leg temperature has been reduced to [545 F], the .

steam generator with higher activity, higher radiation levels, or
increasing water level should be-isolated. Reducing RCS temperature .

to below the saturation temperature associated with the lowest pres-
sure setpoint of the steam generator safety valves prevents opening
a direct path to the environment for radionuclides after steam gen-
erator isolation. Steam generator isolation reestablished contain-
ment integrity.

The affected steam generator is isolated as follows:

a) The main steam isolation valve is closed
- ~b) The main steam isolation valve bypass valve is closed

c) The main feedwater isolation valve is closed
d) The auxiliary feedwater isolation valves are closed, including

the steam driven pump steam supply valve associated with the
.

steam generator being isolated.
.

e) Vents, drains, exhausts, and bleedoffs from the steam system
and turbine building sumps are isolated. This completes the <

isolation of the radionuclides still in the secondary system

to prevent further releases to the environtrent.
f) Any additional plant specific methods for isolating the steam

generators should be implemented

9. Once the affected steam generator has been isolated, this action
should be verified by checking radiation indications, sampling tech- -

niques, or noting an increase in the affected steam generator level.
This provides feedback for the proper identification of the affected .

steam generator.
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10. If the wrong steam generator has been isolated, confirmed by the
action of the last step, it should be unisolated and the affected
steam generator should be isolated.

11. If both generators are affected, for radiological considerations,.

the steam generator with the highest radiation indications should
be isolated. This minimizes activity potentially released to the.

environment.

12. The RCS is sampled for activity and boron concentration and is bor-
ated for cold shutdown. The sample verifies that reactor coolant
dilution has not occurred and provides the chemistry information
needed for a preparation for borating to cold shutdown boration
concentration. This activity confirms that the plant reactivity

is in a stable condition.

13. If RCP operation has been terminated, the possibility of RCP oper-
ation is determined if all of the following criteria are satisfiedd:

a) The unaffected steam generator is removing heat from the RCS
and thus providing a primary heat removal function.

b) Pressurizer level and pressure are responding normally to the
Pressurizer Level and Pressure Control Systems. This assures -

that primary inventory and pressure are being controlled.
c) The RCS is greater than or equal to [20 F + inaccuracies] sub-

!

f cooled. A subcooling condition in the RCS indicates that the
| RCPs will not be restarted and run under RCS conditions that

would cause cavitation and render them unusable.
' d) All plant specific RCP operating criteria should be satisfied

| before the RCPs are restarted.*

14. Since forced circulation is preferred to natural circulation with-' -

! in the RCS during a cooldown and depressurization, if RCP operation
has been tenninated and is now possible, one RCP in each loop is
restarted. An orderly cooldown is resumed by preferentially using
the Main or Auxiliary Feedwater Systems in conjunctbn with the

i
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Turbine Bypass System. If the condenser or Turbine Bypass System
is not available, the next order of priority for steam discharge

is using the atmospheric dump valves, but the usage of this method
is minimized due to the radiological release considerations described
earlier. .

15. If RCP operation is not possible, it is preferred operationally .

to maintain RCS heat renoval until the RCPs can be restarted before
an orderly cooldown and depressurization is resumed. This operation-
al decision depends primarily on the long-term steam generator heat
removal capacity and the time period duriag which the RCPs are ex-
pected to be out of service. The long-term steam generator heat
removal capability should be determined.

If conditions permit, RCS heat removal should be maintained until
the RCPs can be restarted. Then, an orderly forced flow cooldown
and depressurization is resumed. If waiting for the RCPs to be
returned to service is not operationally poso ble, direction on a
natural circulation plant cooldown is found by referring to and
accomplishing the Loss of Forced Reactor Coolant Flow Guideline con-
currently with this guideline. A cooldown via natural circulation
should be commenced.

16. Overfilling of the affected steam generator should be prevented
by reducing the level periodically to the [ Radioactive Waste Sys-
tem]. The potential exists for the flow of reactor coolant into
the affected steam generator to fill the generator steam space and
the main steam piping to the MSIV. This presents a serious and un-
desirable spread of contamination. Draining to the [ Radiation Waste
System] will minimize the spread of contamination. -

17. Offsite and secondary plant radiation surveys should be conducted .

in an effort to detect, and thus limit, environmental radiological
releases. These radiation surveys should include the monitoring
of particulate iodine levels.
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18. Radiation control areas should be established. These steps are
taken to minimize personnel exposure to surface, radiation and air-
borne contamination.

- 19. The condensate and all other connecting systems, including the tur-
bine building sumps, should be sampled for activity that may have
been transferred from the affected steam generator. These sampleso

aid in determining the extent of contamination throughout the plant
systems.

20. The [ turbine] and [ auxiliary] building Ventilation Systems' radia-
tion monitors, and any other applicable radiation monitors appli-
cable, should be continually observed. Corrective actions, if nec-

essary, should be taken in accordance with plant Technical Specifi-
cations.

21. When the RCS is cooled to [300 F] and depressurized to [300 psia],
shutdown cooling should be initiated per plant specific operating
instructions. This activity places the plant in an operational
mode where a complete cooldown and depressurization of the plant

'

can take place.

'

<

| Other Guidelines

The steam generator tube rupture guideline covers a specific event. At
various points in the guideline reference is made to additional guide-
lines whose actions are required to place the plant in a stable condition
but are beyond the scope of this guideline. The additional guidelines
referenced are listed below:

| -

a) Loss of Forced Reactor Coolant Flow Guideline
.

If necessary, the actions of the Loss of Forced Reactor Coolant Flow
| Guideline should be accomplished concurrently with the actions of this
i guideline.
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FIGURE 4.2-1
STEAM GENERATOR' TUBE RUPTURE STRATEGY CHART
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STEAM GENERATOR TUBE RUPTURE GUIDELINE

SYMPTOMS

1. Air ejector high activity alarm.*

2. Steam generator blowdown high activity alarm.-

3. Decrease in volume control tank level.

4. Standby charging pumps energized.

5. Unbalanced charging and letdown flows.

6. Possible feed versus :;;am flow mismatch.

7. Reactor trip alarm.

8. High activity and conductivity in steam generator liquid sample.

9. Increasing steam generator level.

10. Initial Trending of Key Parameters: s

a)' Reactor power - constant
b) Pressurizer pressure - constant or decreasing
c) RCS temperature - ccostant T

avg
d) Pressuriter level - constant or decreasing
e) Steam generator pressure - constant
f) Steam generator level - constant or increasinn'

.
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IMMEDIATE ACTIONS

If pressurizer level is being maintained by the presserizer level con-

trol system, perform the following:

.

1. Reduce reactor power at a rate that will not cause an automatic
reactor trip. .

2. Verify that the PPCS is automatically maintaining or restoring
RCS pressure. If not, manually control heaters or sprays to re-
store pressurizer pressure.

3. Verify that the PLCS is automatically maintaining or restoring
pressurizer level. If not, manually operate charging and letdown
to restore or maintain pressurizer level.

4. Verify that the Main or Auxiliary Feedwater System is maintaining
or restoring normal steam generator level.

5. Isolate steam generator blowdown.

6. Observe the [ turbine] and [ auxiliary] building Ventilation Systems'
radiation monitors. If necessary, take corrective actions in accor-
dance with plant Techn :al Specification Limitations.

If pressurizer level cannot be maintained by the pressurizer level con-
trol system or a reactor trip has occurred, perform the following:

1. Verify the reactor has tripped. If not, manually trip the reactor,
,

and carry out standard post trip actions. -

2. Verify that maximum ch-arging flow is being injected into the RCS. .

t

3. If pressurizer pressure decreases to [1600 psia],:[or if containment
pressure increases to 5 psig], verify that an SIAS has been initia-
ted. If not, manually initiate an SIAS.
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4. If pressurizer pressure decreases to [1300 psic] following an SIAS,
stop all reactor coolant pumps.

5. Isolate letdown.
.

6. Isolate steam generator blowdown.

.

7. Observe the turbine and auxiliary building Ventilation Systems' radt-
ation. monitors . If necessary, take corrective actions in accordance
with plant Technical Specification Limitations.

FOLLOW-UP ACTIONS

1. Verify that all immediate actions have been initiated.

2. Confirm the diagnosis of a SGTR event by referring to Figure 4.2-2.
If a misdiagnosis ahs been made, implement the proper emergency
guideline. If a definitive diagnosis cannot be made, refer to the
plant status and trending diagnostic.

.

3. Determine which steam generator has the tube rupture by performing
the following: <

a) Monitor and/or sample steam generators for activity.
b) Monitor main steam piping foe activity
c) [0ther plant specifV 'ndications, insert here.]

4. If all RCPs are stopped, verify that natural circulation is accom-
plished per the Loss of Forced Reactor Coolant Flow Guidelines con--

currently with this guideline.
.

5. Cooldown and depressurize the RCS until the RCS hot leg temperature
is less than [545 F] by performing one of the following. The activ-
ities are listed in order of preference:

a) If the condenser, Turbine Bypass System, and Main or Auxiliary
Feedwater System are available, commence the cooldown by using
the Turbine Bypass System and main or auxiliary feedwater.

SGTR Cuideline 4_g)



b) If the condenser or Turbine Bypass System is not available,
consnence a reactor plant cooldown using the atmospheric dump
and main or auxiliary feedvater.

6. If the SIS is operating, it may be stopped if the following condi- .

tions are satisfied:

.

a) RCS hot and cold leg temperatures are at least [20 F + inaccur-
acies] below saturatica temperature for pressurizer pressure
(refer to Figure 4.2-3), and

b) pressurizer level is in the normal operating band and is respond-
ing nonnally to the Pressurizer Level and Pressure Control Sys-

,

tems, and

c) at least une steam generator has an indicated level aad is re-
moving heat from the RCS.

7. If [20 F + inaccuracies] of subcooling (refer to Figure 4.2-3) cannot
be maintained after the SIS has been stopped, the SIS must be re-
started.

08. After the RCS hot leg temperature has been reduced to [545 F], iso-
late the steam generator with-higher activity, higher radiation levels j

or increasing water level as follows:

i

a) Close.the main steam isolation valve. I

b) Close the main steam isolation valve bypass valve.
c) Close the main'feedwater isolation valve.

)
d) Close the auxiliary feedwater isolation valves including the -

steam driven pump steam supply valve associated with the steam
generator being isolated. .

e) Isolate vents, drains, exhausts, and bleedoffs from the steam

system and turbine building sumps.

f) [0ther plant specific information, insert here.]

|
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9. Once the affected steam generator has been isolated, verify this
action by checking radiation indicaticas, by sampling or
steam generator level increase.

10. If the wrong steam generator has been isolated, unisolate that.

generator and isolate the affected steam generator.
.

11. If both generators are affected, the steam generator with the high-
est radioactivity should be isolated.

12. Sample the RCS for radioactivity and boron concentration, and borate for
cold shutdown.

13. If RCP operation has been terminated, one RCP in each loop may be
restarted if the following criteria are satisfied:

a) The unaffected steam generator is tcmoving heat from the RCS.

b) Pressurizer level and pressure are responding normally to the
Pressurizer Level and Pressure Control Systems.

c) The RCS is at least [20 F + inaccuracies] subcooled (refer to
Figure 4.2-3).

d) [0ther criteria satisfied per RCP operating instructions.]

s

14. If RCP operation has been terminated and is now possible:

a) Start one RCP in each loop.
b) Resume an orderly reactor plant cooldown and depressurization

by conducting one of the following activities:

i) If the condenser, and either the Main Feedwater System or-

Auxiliary Feedwater System are available, cooldown by using
the Turbine Bypass System..

ii) If the condenser or Turbine Bypass System is not available,
cooldown using the unaffected (or least affected) steam gen-
erator by way of the atmospheric dump on the unaffected (or
least affected) steam generator, and using either the Main
Feedwater System or tM Auxiliary Feedwiter System.
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15. If RCP operation has been terminated and is currently not possible. |
|evaluate the long-tenn steam generator heat removal capacity.

'

a) If conditions permit, maintain RCS heat removal until the RCPs
|

can be restarted, then resume an orderly cooldown and depres- .

surization.

.

b) If conditions do not permit waiting for the RCPs to be returned
to service, perform a cooldown usir.g natural circulation per
the Loss of Forced Reactor Coolant Flow Guideline concurrently
with this guideline.

16. Prevent overfilling of the affected steam generator through periodic
draining to the [ Radioactive Waste System].

17. Conduct uffsite and secondary plant radiation surveys, including the
monitoring of particualte iodine levels.

18. Establish radiation control areas.

19. Sample the cond'ensate and other connecting systems, including tur-
bine huilding sumps for activity transferred from the affected steam
generator.

20. Continually observe the [ turbine] and [ auxiliary] building Ventila-
tion Systems' radiation monitors and any other applicable radiation
monitors. Take corrective actions if necessary in accordance with
plant Technical Specifications.

21. When the RCS is cooled to [300 F] and depressurized to [300 psia], .

initiate shutdown cooling per operating instruction.
.
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PRECAUTIONS

1. If a controlled reactor shutdown is commenced, plant load should be

reduced at a maximum rate which will not in itself cause a reactor
trip; a power reduction consistent with turbine design characteris-

~

tics is recommended.

2. The use of the atmospheric steam dump valves should be minimized.-

3. To reduce the release of potentially radioactive steam from turbine
driven pump exhausts, motor driven emergency or normal feedwater
pumps should be used. If the motor driven pumps are not available,
steam from the intact steam generator should be used to drive the
auxiliary turbine driven pump. .

4. To avoid steam generator inventory from flowing into and diluting
I the reactor coolant, maintain reactor coolant pressure approximately

equal to the affected steam generator pressure after isolation us-
ing charging ,' umps or safety injection flow.

5. During all phases of the cooldown, RCS temperature and pressure
should be monitored to avoid exceeding a maximum cooldown rate great-
er than Technical Specifications Limitations.

<

6. To facilitate the cooldown, a Main Steam Isolation Signal (MSIS)
may be avoided by bypassing the signal setpoint on each safety
channel.

7. [If reactor coolant pressure control is maintained, a Safety Injec-
tion Actuation Signal (SIAS) may be avoided by hypassing the sig-

'

nal setpoint on each pressurizer pressure safety channel, thus fa-
cilitating cooldown and depressurization.]

.

8. Although it is possible in the long-term to note an increasing
steam generator level, automatic feedwater modulation keeps the
steam generator level approximately constant during the short-term.

SGTR Guideline 4-55
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9. After the faulted steam generator has been isolated and the cooldown
is proceeding via natural circulation, an inverted AT (i.e. T great-c
er than T ) may be observed in the idle loop. This is due to a

h
small amount of reverse heat transfer in the isolated steam gener-

ator and will have no effect on natural circulation flow in the in- -

tact steam generator.

.

; 10. Do not place systems in " manual" unless misoperation in " automatic"
is apparent. Systems placed in " manual" must be checked frequently

to ensure proper operation.

11. All available indications should be used to aid in diagnosing the
. event, since the accident may cuase irregularities in a particular
instrument reading. Critical parameters must be verified when one
or more confirmatory indications are available.

i
.

.
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FIGURE 4.2-2
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FIGURE 4.2-3
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5.0 RCS HEAT REMOVAL GUIDELINES
-

Although all the critical safety functions are addressed in
each emergency procedure guideline, generally, thi: control of
one or more of the safety functions is of more immediate im-
portance than the others. It is possible to group the guide-
lines on this basis. The guidelines contained in the follow-
ing sections are:

5.1 LOSS OF FEEDWATER GUIDELINE

5.2 LOSS OF FORCED REACTOR COOLANT

FLOW GUIDELINE

5.3 STEAM LINE BREAK GUIDELINE

i The actions of these three guidelines are primarily direct-
ed at RCS heat removal. -

!

!

i

!-

.

| 5-1
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5.1 LOSS OF FEEDWATER GUIDELINE

BASES

.

A loss of feedwater is a total loss of normal feedwate- flow to the steam
'

generators. Some possible causes for a loss of feedwater include:

a) Loss or cavitation of all main feedwater pumps.
b) Malfunction of the Feedwater Control System which closes the

main feedwater control valves.

c) Inadvertent isolation or blockage of the feedwater flow path.
d) Malfunction of the condensate system.

e) Feedwater line break.

Characterization of a Loss of Feedwater Even'.

A loss of feedwater is characterized by specific parameters that may be
noted in the control room. Some of these indications are:

a) Decreasing steam generator water level. The existence of this
condition may be noticed by an alarm in the control room.

b) Increasing steam generator pressure before a reactor trip, followed ,

by a decreasing and stabilizing trend.

c) Increasing pressurizer level and pressure before a reactor trip,
followed by a decreasing and stabilizing trend.

d) Reactor trip generated on low steam generator water level.

e) Auxiliary Feedwater Actuation Signal (AFAS) generated on low
steam generator water level .

f) Turbine / generator tripped. -
.

g) Low main feedwater pump flow / suction pressure, resulting in a main
feedwater pump trip alarm. (The main feedwater pump flow may possibly ,

be high if there is a feedwater line break).
h) Characteristic of a feedwater line break inside containment; contain-

ment pressure may increase.

1) A feedwater line break outside containment may be indicated by noise.

LOF Guideline 5-2
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j) Possible equipment operational. irregularities; such as a loss of
'

feedwater flow control indication, a failure of the feedwater flow

control valves, or a closure of a Main Feedwater System isolation
,

valve.

k) Possible steam flow vs. feedwater flow mismatch note'i.
.

1) Possible increase in containment pressure, temperature, radiation,
humidity, or containment sump level.

Safety Functions Affected

A loss of feedwater results in a decrease or loss of the steam generator's
'

ability to remove heat from the RCS. Operator actions should be directed
towards conserving the available steam generator secondary watE.T inventory
and re-establishing feedwater flow to the steam generators, so that the
RCS heat' removal capability is maintained or re-established.

The heat removal capability is affected in the following manner. The loss
of feedwater flow to the steam generators greatly impedes the ability to
maintain controlled cooling in the RCS. The fact that the steam generators
may not be available to remove primary heat greatly increases the possibility
that the RCS pressure will increase to the lifting setpoint of the secondary

and/or primary safety valves. This is described by the the following scenerio.
:

| Once feedwater is lost, RCS temperature begins to increase. The RCS transfers
heat to the secondary side, increasing the secondary side temperature and
pressure te i.ne secondary safety valve setpoint. Steam generator inventory

| is depieted through the safety valves, until the steam generators are emptied
and thus RCS heat sink is lost. The RCS then heats up until the pressure

'

corresponding to the RCS safety valve setpoint is reached. At this point,
the primary safety valves lift.

9

! Initial Trending of Key Parameters

- Reactor Power

; Reactor power remains constant in response to a loss of feedwater event.
(A partial loss of feedwater will reduce steam generator level at a slower

[ LOF Guideline 5-3
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rate than a total loss of feedwater and in this case, only if the operator
is able to conclude positively that a partial loss of feedwater has occurred
should he attempt to reduce reactor power to a level within the reduced
capacity of the operating feedwater supply equipment.) If steam generator

'

water level can not be maintained or continues to drop in one or both
steam generators, the reactor must be tripped. *

Following a loss of feedwater, the main turbine generator will continue
to operate with the decreasing secondary side steam generator water inven-
tory until it is tripped concurrent with a reactor trip on a low steam

generator water level trip signal. At full power, the reactor will be auto-

matically tripped on low steam generator level within approximately 30
seconds of the loss of feedwater flow. If the operator is able to conclude
that a loss of feedwater has occurred, he should immediately trip the reactor,
even before steam generator water level drops to the low level trip set-

' point in order to conserve the available steam generators water inventory
and to lengthen the maximum allowsble time until auxiliary feedwater must
be initiated.

RCS Temperature

As the steam generator water level begins to drop below the top of the heat
,

transfer tubes, the primary heat sink is reduced and RCS temperature increases.

Pressurizer Pressure and Level

As the RCS temperature increases, the reactor coolant expaads, increasing
pressurizer pressure and level.

.

Steam Generator Pressure *

Initially, the pressure in the steam generators will increase as feedwater
'

flow to the steam generators is terminated. Boiling occurs on the secondary
side in the steam generators and the density change causes a pressure change.
Because no new feedwater is entering the steam generator to absorb RCS heat,

steam generator pressure will begin to decrease as the steam produced by
boiling exits the steam generator.

LOF Guideline 5-4 |
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Steam Generator Level

A loss 'of fet.dwater to the steam generator will result in a decreasing steam.,

generator level .

.

Event Strategy

Figure 5.1-?.provides a summary of the strategy employed in this guideline.
Only the major decision points are indicated. A detailed discussion of the
required operator actions and bases is found in the following subsections.

Bases Imediate Actions

Following a loss of feedwater, the immediate operator actions should be
directed towards both maintaining normal steam generator water level with
all availble Main or Auxilia.y Feedwater System equipment, and decreasing
reactor power by tripping the reactor.

.

The following imediate actions are taken in response to a loss of feedwater:

1. The reactor is verified to be tripped. Tripping the reactor ensures

that reactivity is being controlled. Once the reactor is tripped manually
or automatically, the operator should carry out the standard post trip
actions described in the Reactor Trip Guidelines concurrent with the
actions of this guideline. The actions of the Reactor Trip Guideline
include verifying that reactor power is decreasing, ensuring the turbine;

! and generator are tripped, and that station loads have properly transferred
,

to the offsite power source.

'

2. An AFAS is generated on low steam generator water level . The operator

must verify automatic auxiliary feedwater actuation. If it has not

automatically actuated, the operator should manually actuate auxiliary
feedwater.

LOF Guideline 5-5
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Reestablishment of feedwater flow to the steam generators orovides a
means for maintaining RCS heat removal and significantly reduces the
potential for lifting secondary and primary safety valves or damaging'

the core. An increasing steam generator water level, pressure, or a
*

cold leg temperature indication increasing at a constant or reduced
rate is positive indication of feedwater addition to the steam genera-

tor (s).
*

Rapid introduction of feedwater to the steam generators may cause over-
cooling of the RCS. The operator should monitor pressurizer pressure
and:RCS temperature to avoid overcooling the RCS when adding feedwater.
There is no need to rapidly restore steam generator water level back
to the normal water level. A moderate rate of increase in steam
generator water level is ;ufficient to provide core cooling without
any unnecessary thermal or pressure transients.

Feedwater should not be reestablished (when it becomes available)
to a dry steam genarator if one steam generator still contains water.
The steam generator structural integrity will be maintained for at
least 8 feedings to a dried steam generator. However, the repeated.

addition of relatively cool feedwater on hot steam generator het.

transfer tubes will produce thermal stresses which may cause significant
damage to the tubes and degrade steam generator performance and integrity. 1

If both steam generators have boiled dry, feedwater flow should be
reestablished to only one steam generator to provide RCS heat removal.

Bases Follow-Up Actions

The follow-up actions are directed towards determining the cause of the ,

loss of feedwater, regaining feedwater system operation, if this is not
possible, removing heat from the RCS and conducting an orderly cooldown.

,

1. All immediate operator actions should be verified. This assures that
the critical safety functions affected by a loss of feedwater have
been attended to, and regaining control of the plant has been initiated.

|

'

LOF Guideline 5-6
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2. Thd diagnosis of a loss of feedwater should a confirmed. If a mis-
diagnosis has been made, the proper emergency guideline can then be
implemented. If a definitive diagnosis cannot be made, the plant
status and trending diagnostic is referenced. This diagnostic is

.

functionally oriented, and all critical safety functions are attended
to. The proper emergency guideline can then be accessed.

.

3. The cause of the loss of feedwater should be determined. Once the

operator has verified that auxiliary feedwater has been actuated,
the cause of the symptoms must be investigated. If the steam generator
water levei has stopped its decrease, an unisolabletfeedwater line
break should not be suspected. Conversely, a continuing secondary
pressure reduction (not caused by introduction of cool auxiliary feed-
water) and continuing steam generator water level reduction is an indica-
tion of a feedwater line break.

If a main feedwater line break is suspected, the operator should try to
isolate the main feedwater line break from the steam generators by any
plant-specific methods possible (i.e., closing main feedwater isolation
valves, main feedwater regulating valves, etc.). A feedwater line break
upstream of a check valve should automatically be isolated from the
steam generator.

If the feedwater line break is unisolable, the steam generator will
continue to blowdown water until eventually the blowdown fluid changes
to steam. Near this point, the event changes into an uncontrolled
cooldown event. When the operator aetermines that a feedwater line
break is unisolable, the Steam Line Break Guidelines should immediately
be followed for all further actions. If no main feedwater line break

,

has occurred or the break is isolated from the steam generator, then
the operator should proceed with the follow-up actions with this guide-

.

line.

4 If all feedwater is lost (both main and auxiliary) certain activities
should be performed to keep the plant in a stable condition. These

activities are listed below.

LOF Guideline 5-7
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a) To minimize heat input into the RCS, the number of operating RCPs '

should be reduced to one per loop.

b) If in operation, the Steam Generator Blowdown System, Secondary
Sampling System or any other nonvital secondary discharge must -

be secured. Until feedwater is reestablished, the steam generator
water inventories must be conserved. .

c) The operator should attempt to restore the correct operation of
the Main or Auxiliary Feedwater System to provide a primary decay
heat sink for a controlled reactor cooldown.

A moderate rate of increase in steam generator water level is
sufficient to maintain RCS heat removal. If the refill rate is

too fast, the RCS temperature can easily be driven below the desired
no load value. Consequently, the RCS pressure may fall to the
point where the Safety Injection System is actuated or the pressurizer
is drained.

d) If both main and auxiliary feedwater can not be restored, all
plant-specific sources of feedwater whNh could be made available
to replace steam generator boil-off should be implemented. Examples

of alternate sources of feedwater are fire pumps, condensate pumps,
portable pumps, etc. When developing plant procedures, alternate ~
sources of feedwater should be investigated and their use should be
indicated in the procedures. Guidelines on steam generator depressuri-
zation should be developed for those cases when the operator is relying
on low pressure sources of feedwater as a backup feedwater supply.
Figure 5.1-1 provides an example of the type of information that must
be developed on a plant specific basis. Provided by the figure is a -

typical required steam generator dump area to depressurize the steam
generator for various times after shutdown. The required heat re- -

moval, compared to the available heat removal capacity (i.e. atmos-
pheric dump valves), provides the technical basis for which guid-
ance on steam generator depressurization using alternate sources
of feedwater may be developed.

LOF Guideline 5-8
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Figure 5.1-1
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e) [As a last resort, cooling of the core is attempted by core
flushing. The SIS is aligned for cold leg injection and the PORVs
are opened. Core flushing is from the cold legs through the core

and out the PORVs.]
.

f) It other methods are available for RCS heat removal purposes
they should be appraised and if possible implemented. Examples -

are drain valves, pressurizer vents, etc. These should be indicated
in the procedures.

5. Steam generator pressure should be controlled by the Turbine Bypass
System. If condensor vacuum is lut,the Turbine Bvpass System is not
available, or if the MSIVs have closed, the atmospheric dump valves
must be used to control steam generator pressure. This action prevents
the secondary safety valves from opening, and is necessary for maintain-
ing RCS heat removal.

6. The PPCS is verified to be automatically controlling or restoring RCS
press e. If not, pressurizer heaters or spray are operated manually
to ct . trol pressurizer pressure. This action verifies that a safety
function is being performed; controlling RCS pressure.

7. The PLCS is verified to be autcmatically controlling or restoring.

pressurizer level. If not, charging the letdown are operated manually
to ensure pressurizer level is being maintained. This action verific

that a safety function is being performed; controlling the RCS inventory.

8. The initiation of an SIAS must be verified if pressurizer pressure
decreases to [1600 psia], [or if containment pressure increases to

'

5psig]. If the SIS has not been automatically actuated, it must be
initiated manually. This action verifies safety functions are being per-

"fonned; RCS heat removal and RCS inventory control.

LOF Guideline 5-10
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9. If pressurizer pressure decreases to below [1300 psia] following an
SIAS, all RCPs must be stopped. A system response identified by a
depressurization transient to below [1300 psia] following an SIAS
(and subsequent operation of the SIS) is characteristic of a LOCA.

*

Continued RCP operation at RCS pressures below [1300 psia] during
a LOCA may result in more severe RCS conditions.

.

It may not be possible to distinguish between events causing a depressuri-
zation in the early stages of the transient; specifically during the
time period when the immediate actions a.e taken. The imediate
actions required for all events are directed at placing the plant in
a safe condition. To avoid the necessity of confirmation of the initiating
event during the time when the immediate actions are taken, anytime
pressurizer pressure decreases to [1300 psia] following an SIAS, all
RCP operation is terminated.

'

10. If all RCPs were stopped and cannot be restarted, the instructions in
the Loss of Forced Reactor Coolant Flow Guideline should be implemented

,

to establish natural circulation flow in the RCS.

11. If an SIAS has been initiated and the SIS is operating, it must continue
to operate until SIS termination criteria is met. This criteria is:

a) RCS hot and cold leg temperatures are at least [200F + inaccuracies]
below saturation temperature for pressurizer pressure (refer to
Figure 5.1-4). Establi.shing [20 F + inaccuracies] of subcooling prevents
void formation in the core when SIS flow is terminated, and provides

sufficient niargin for establishing flow should the [200F + inaccuracies ]
subcooling deteriorate when SIS flow is secured.

,

b) Pressurizer level is in the normal operating band, and is responding
'

normally to the Pressurizer Level and Pressure Control Systems. A
pressurizer level in the normal operating band and responding normally
ensures that RCS inventory control has been reestablished.

LOF Guideline 5-11
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c) At least one steam generator has an indicated level and 's removing
heat from the RCS. A steam genarator having an indicated level
and removing heat from the RCS ensures that primary to secondary
heat removal is being maintained. ,

j-

12. -The SIS must be restarted if the [200F + inaccuracies] of subcooling
cannot be maintained. This provides a sufficient margin for system -

operation and prevents void fonnation.

13. If RCP operation has been terminated, restarting of the reactor coolant
pumps should be attempted to ensure continued forced circulation of
coolant through the core and to provide the capability for the nonnal
mode of- pressurizer spray. However, only one reactor coolant pump in
each loop needs to be operated in an effort to minimize heat input to
the RCS.

The possibility of RCP operation is determined if the following criteria
are satisfied:

a) At least one steam generator is removing heat from the RCS and thus
providing an RCS heat removal function,

b) Pressurizer level and pres < ure are responding normally to the
Pressurizer Level and Pressure Control Systems. This assures that
RCS inventory and pressure are being controlled.

c) The RCS is greater than or equal to [200F + inaccuracies] subcooled.
An RCS subcooled condition ensures that the RCPs can be operated

without damage due to cavitation.
.

d) [All plant soecific RCP operating criteria is satisfied before the
RCPs-are restarted to protect the RCPs from damage.] ~

14. The auxiliary feedwater source is the condensate storage tank . If the

Auxiliary Feedwater System is being used, the inventory in the condensate
storage tank must be continually replenished. Alternate sources of
condensate must--be- investigated. These alternate sources must be included

LOF Gaideline 5-12
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in plant procedures. Examples of alternate sources of condensate
are non-seismic tanks, fire mains, lake water supplies, portable

i

tanks, etc. 1-

*
15. RCS cooling must be maintained during the loss of feedwater event.

. Furthermore, the extent of the component malfunctions may require
* the plant to be cooled down from hot standby conditions to facilitate

repair and maintenance. To keep plant conditions stable, one of the
following activities must be performed. The activities are used in
decreasing order of preferred implementation.

'a) If a cooldown is necessary and RCS ha;t is being removed by the
steam generators using auxiliary feedwater, a forced cooldown is
preferred and shutdown cooling is entered prior to depleting

'
condensate storage capacity.

b) Steam should be continually discharged to dissipate RCS heat.
Auxiliary feedwater flow should be used for this purpose until
main feedwater flow is available.

The reactor ' coolant pumps, if opera. ting, will provide forced
reactor coolant circulation for this cooldown function. Natural
circulation, established in accordance with the Los; of Forced

Reactor Coolant Flow Guidelines, will provide core cooling if
forced reactor coolant circulation is not avaf.iable.

c) If main or auxiliary feedwater is not avalable, RCS cooling
must be maintained with any suitable source of feedwater.

'

d) RCS cooling must be maintained using all plant specific alternative
methods available.

.

16. Shutdown cooling should be initiated if the shutdown cooling entry
criteria can be met. SDC initiation and operation will establish a

plant status where the regaining of main feedwater can be attempted.

LOF Guideline 5-13
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Figure 5.1-2
,
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LOSS OF FEEDWATER GUIDELINE

SYMPT 0MS

1. Decreasing steam generator water level / alarm.

.

'

2. Main feedwater pump trip alarm.

"

3. Low main feedwater pump flow (possible high flow for a feedwater

line break).

4. Low main feedwater pump suction pressure.

5. Reactor trip alarm.

6. Turbine generator trip alarm.

7. Possible increase in containment pressure (feedwater linE break

inside containment).

8. Possible noise indicative of feedwater line break outside containment.

9. Possible loss of feedwater flow control indication, or failure of

feedwater flow control valves.

10. Possible closure of a Hain Feedwater System isolation valve.

11. Possible steam flow vs. feedwater flow mismatch.

12. Possible increase in containment pressure, temperature, radiation
humidity or containment sump level.

.

13. Initial Trending of Key Parameters:
.

a) Reactor power- constant, then decreasing

b) Pressurizer pressure - initially increasing, decreasing, then stabilizing
c) RCS temperature - initially increasing, then decreasing
d) Pressurizer level- slightly increasing, then decreasing
e) Steam generator pressure - slightly increasing,then decreasing
f) Steam generator level - decreasing

LOF Guideline 5-15
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DNEDIATE ACTIONS

1. Verify the reactor has tripped. If not, maaually trip the reactor

and carry out standard post trip actions. ,

2. Verify actuation of the Auxiliary Feedwater System. If necessary,
,

manually actuate the Auxiliary Feedwater System.

FOLLO'.i-UP ACTIONS

1. Verify all immediate actions have been initiated.

2. Confirm the diagnosis of a loss of feedwater event by referring to
Figure 5.1-3. If a misdiagnosis has been made, implement the proper

emergency guideline. If a definitive diagnosis cannot be made, refer
to the plant status and trending diagnostic.

3. Determine whether the cause of the loss of main feedwater is a result
of a main feedwater line break or a Main Feedwater System abnormality

by monitoring steam generator pressure and level. If a main feedwater
line break is suspected, isolate the break.

a) If the main feedwater line break is unisolable, the Steam Line
Break Guideline should be accomplished concurrently with the

Loss of Feedwater Guideline.

b) If the main feedwater line break is isolable, proceed with the follow-
up actions within this guideline. .

4. If all feedwater (main and auxiliary) is lost, conduct the following ,

activities:

a) Reduce the number of operating RCPs to one per loop to minimize heat

input into the RCS.
b) Secure steam generator blowdown, seconoary sampling and any nonvital

steam discharge.

LOF Guideline 5-16
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FOLLOW-UP ACTIONS (continued)

c) Take actions to regain Main or Auxiliary Feedwater System
operation,

d) If other sources of water are available for steam generator
heat removal, insert that infonr.ation here ..

e) Open the PORVs and actuate the HPSI pumps aligned to cold

legs .,

f) If other methods are available for heat removal from the
RCS, insert that information here .

5. Verify turbine bypass valves are controlling steam generator pressure
at [900 psig]. If condenser vacuum is lost, the Turbine Bypass System
is unavailable, or if the MSIVs are closed, the atmospheric dump valves
must be used to control steam generator pressure.

6. Verify that the PPCS is automatically con Jolling or restoring RCS
pressure. If not, manually control prese .rizer heaters or spray to
control pressurizer pressure.

7. Verify that the PLCS is automatically restoring pressurizer level.
If not, manually operate charging and letdown to restore or maintain

,

normal pressurizer level .
,

,

8. If pressurizer pressure decreases to [1600 psia], [or if containment
!

pressure increases to 5 psig], verify that an SIAS has been initiated.
If not, manually initiate an SIAS.

|

|

|

| 9. If pressurizer pressure decreases to [1300 psia] following an SIAS,
,

stop all reactor coolant pumps.

10. If all RCPs have been stopped, verify that natural circulation is accomplished

! per the Loss of Forced Reactor Coolant Flow Guidelines concurrently with
.

.

this guideline.
!

.

!

|
|

|~
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FOLLOW-UP ACTIONS (continued)

11. If the SIS is operating, it may be stopped if the following conditions
are satisfied:

.

a) RCS hot and cold leg temperatures are at least [200F + inaccuracies]
below saturation temperatue for pressurizer pressure (refer to '

Figure 5.1-4),and
b) pressurizer level is in the normal operating band and is responding

normally to the Pressurizer Level and Pressure Control Systems,
and

c) at least one steam generator has an indicated level and is removing
heat from the RCS.

12. [If 200F + inaccuracies] of subcooling (refer to Figure 5.1-4) cannot be
maintained after the SIS has been stopped, the SIS system must be resiirted.

13. If the RCPs were stopped, one RCP in each loop may be restarted if the

following criteria are satisfied:
a) At least one steam generator is removing heat from the RCS.

b) Pressurizer level and pressure are responding normally to the
Pressurizer Level and Pressure Control Systems. ,

c) The RCS is at least [20 F + inaccuracies] subcooled (refer to Figures ~ l-4.)

d) [0ther critieria satisfied per RCP operating instructions].

.

14. If the Auxiliary Feedwater System is being used, ensure that the
"

condensate storage tank is being continually replenished.
.

15. Maintain RCS cooling by conducting one of the following activities.
The activities a e listed in order of decreasing preference:

,

a) Conduct an RCS cooldown using forced circulation and operate the
SCS prior to depleting the' condensate storage water supply .

b) Conduct a natural circulation cooldown per the Loss of
Forced Reactor Coolant Flow Guidelines concurrently with
the actions of this guideline.
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FOLLOW-UP ACTIONS (continued)

c) Maintain steam senerator corling by supplying main orc,

auxiliary.feedwater to the steam generators and discharging
_

sten to the condenser or atmosphere.
*

d) [ Maintain cooling to the steam generator using alternate
tources of fcedwater and discharging stcan to the

'condenseroratmosphere].

e) [ Maintain RCS cooling using alternate methods].

'16. If an RCS cooldown is accomplished',' when RCS temperature is cooled
to [300 F] and depressurized to [300 psig], initiate shutdown
cooling.

4

|

|

!

.

|

.

|

|

f

!
i >

i
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PRECAUTIONS

1. The operator should not add feedwater to a dry steam generator if
another steam generator still contains water. Reestablish feedwater
only to the steam generator that is not dry. If both steam generators *

become dry, refill only one steam generator to reinitiate core
cooling. -

2. During all phases of the cooldown, monitor RCS temperature and pressure
to avoid exceeding a cooldown rate greater than Tectnical Specification
Limitations.

J

3. Do not place system in manual unless misoperation in automatic is
apparent. Systems placed in manual must be checked frequently to
ensure proper operation.

4. All available indications should be used to aid in diagnosing the
event since the accident may cause irregularities in a particular
inscrument reading. Critical parameters must be verified when one
or more confirmatory indications are available. .

|

t |

i
.

* |
l

l
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Figure 5.1-3
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Figure 5.1-4
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5.2 LOSS 0F' FORCED REACTOR'C00LANT FLOW GUIDELIt!E

BASES
.

A loss of forced reactor coolant flow will result from a loss of one or*

more reactor coolant pumps (RCPs). A RCP failure could result from any
number of mechanical failures in the pump or motor, from a loss of elec-
trical power, or from a manual trip for pump protection purposes.

RCP forced circulation and heat transfer from primary to secondary via
the steam generators _is the preferred method of residual heat removal
whenever plant temperatures and pressures are above the Shutdown Cool-
ing System entry conditions. If the RCPs are unavailable, the natural

circulation capability of all C-E plants provides a backup means for
core cooling 'using the steam generators.

Characterization of a Loss of Forced Reactor Coolant Flow

A loss of RCP flow can be characterized by reactor turbine and generator
trips accompanied by low steam generator APs or RCP APs in the affected
loops. Depending on the type of failure, there will also be RCP trouble
alarms or abnormal RCP motor currents. The RCS primary loop flow meters

will indicate low RCS flow.
|

Safety Functions Affected
l

Four safety functions must be managed while establishing and maintain--

ing natural circulation core cooling in hot standby conditions or dur-
ing a natural circulation plant cooldown. These include reactivity-

control, RCS pressure control, RCS inventory control, and RCS heat re-
reval. An incomplete plant response to any one of these safety functions
could lead to an interruption of adequate natural circulation flow or

j core cooling.
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Initial Trending of Key Parameters

Reactor Power

Immediately following the failure of one or more RCPs, a reactor and
'

turbine trip will be initiated due to a low reactor coolant flow trip
at [95%] flow. The reactor trip causes power to decrease.

.

Pressurizer Pressure and Level

Because of the reactor trip, RCS temperatures will initially decrease.
In turn, pressurizer pressure and level will decrease due to the lower-
ing of RCS temperature.

RCS Temperature

The reactor trip will cause a reduction in RCS temperatures, caused by
the RCS heat generation reduction to decay heat.

Steam Generator Pressure
4

Once the turbine control valves go shut following the turbine trip,
steam generator pressure increases rapidly.

s

Steam Generator Level

The Main Feedwater System will ramp down to [5%] flow to prevent over-
filling the steam generators. Steam generator level will begin to de-
crease rapidly because of the closure of the turbine stop valves fol-
lowing the turbine trip.

.

Event Strategy
,

Figure S.2.1 provides a summary of the strategy employed in this guide-

line. Only the major decision points are indicated. A detailed discus-
sion of the required operator actions and bases is found the following
subsectices

LOFRCF Guideline 5-24
.. . .. _. . , -,.. - . -...-.._- - - . - - - - . . - -- - . -



Bases Immediate Actions

The following immediate actions are taken to regain plant control in
response to a loss of forced reactor coolant flow.

.
-

1. The operators first actions following a loss of forced reactor
coolant flow will be to follow the standard post-trip actions. The,

imediate actions for a loss of forced coolant flow will be identi-
cal to the reactor trip procedure. After the CEAs are verified

inserted, the operator will verify that the turbine stop valves have
shut and the generator output breakers have opened.

2. The operator must ensure that secondary water inventory is being
maintained by feedwater flow to the steam generators. Proper op-
eration of the Main or Auxiliary Feedwater System will restore steam
generator secondary water level. If the Main Feedwater System is
operating to restore steam generator level, the operator must veri-
fy that the main feedwater flow ramps down to [5%] to prevent an,

excessive RCS cooldown. If the Auxiliary Feedwater System is op-
erating to restore steam generator level, unequal auxiliary feed-
water flow to the steam generators will not lead to unsatisfactcry
natural circulation as long as all of the decay heat is being re-

moved through the steam generators.

Natural circulation is assured even if the U-tubes are partially un-
covered on the steam generator secondary side. The steam generator
heat transfer area is sized for full power operation. Therefore,

only a portion of the tubes (approximately 1/3 of the tube height);

must remain covered to ensure proper natural circulation flow. This

corresponds to approximately 35 - 40% on the wide range steam gen--

erator level instrument. The top of the U-tubes is at approximate-
ly 24 - 30% indicated level on the narrow range steam generator.

| level instrument. Increasing the steam generator water level above
the minimum required level will have a minimal impact on the natur-
al circulation flow rate. However, by increasing the secondary wa-

! ter inventory, the operator provides an extra margin above the li-
mit required to establish and maintain adequate natural circulation

1
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flow. The target that an operator should eventually strive to reach
is the normal steam generator water level.

3. The operator must also verify that the Turbine Bypass System is con- -

trolling steam generator pressure at a no load condition. Proper

operation of the Turbine Bypass System will prevent the secondary .

safety relief valves from lifting. If the condenser vacuum is lost,

steam generator pressure can be controlled by manually operating
the atmospheric dump valves. Since possible releases to the en-
vironment would be steam releases by the steam generator safety
valves or the atmospheric dump valves, they are not the preferred

_

methods for the control of steam generator pressure.

Bases Follow-up Actions

The follow-up actions are directed at achieving two objectives:

a) establishing, maintaining and verifying natural circulation
conditions in the RCS if all RCPs are lost;

b) if necessary, performing a natural circulation cooldown.

'

1. All immediate operator actions should be verified. This assures
that the critical safety functions that are affected by a loss of

RCPs have been attended to.

2. The diagnosis of a Loss of Forced Reactor Coolant Flow should be con-
firmed. If a misdiagnosis has been made, the proper emergency guide-
line can then be implemented. If a definitive diagnosis cannot be

,

made, the plant status and trending diagnostic is referenced. This

diagnostic is functionally oriented, and critical safety functions
are attended to.

'
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i 3. The operator should maintain at least [20 F + inaccuracies] sub-
cooled margin as a minimum whenever possible within plant and op-
erating restrictions. A [20 F + inaccuracies] subcooling margin
minimizes the chances of voiding occurring in the RCS. Although

*

natural circulation flow could continue well into saturated condi-
tions, operation with voids in the RCS is to be avoided since there
is no direct method to monitor multiple void locations, sizes or-

- impact on natural circulation flow. The preferred method of primary
pressure control is with a bubble in the pressurizer throughout the
plant cooldown with no voids in the RCS.

The inaccuracies to be added to the [20 F] to form the minimum sub-
cooled margin requirement should include the instrumentation inac-

'

curacy and the elevation pressura inaccuracy between the pressurizer
and the RCS loops. Instrumentr. tion accuracy will vary dependent
upon the containment environmantal conditions.,

4. The PLCS should be verified to be automatically controlling or re-
storing pressurizer level. If not, charging and letdown are oper-
ated manually to ensure pressurizer level is being maintained.
This action verifies that a safety function is being performed; con-
trolling RCS inventory. Pressurizer level should normally be main-
tained at the normal shutdown reference level throughout the plant
cooldown if a cooldown is necessary. The normal shutdown reference
level (plant specific) may or may not be the same as the hot zero-
power pressurizer reference level.

5. If all RCPs are lost, the operator must contend with a complete loss
cf forced circulation and must ensure that conditions are established

.

for natural circulation flow. Natural circulation ficw should be
established within (5 - 15 minutes) after the RCPs were tripped.

.

Any plant response as a result of a change during natural circula-
tion will be slow as compared to a normal forced flow system response
time of (6 - 12 seconds), since the coolant loop cycle time will be
significantly larger.
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When natural circulation flow is established, the RCS indicates
the following conditions:

a) Loop AT (T -T ) less than normal full power T;h c ,

b) Cold leg temperatures constant or decreasing;
c) Hot leg temperatures stable (i.e. not steadily increasing);

,

d) No abnormal differences between T RTDs and core exit thermoccuples.
h

Natural circulation is governed by decay heat, component elevations,
primary to secondary beat transfer, loop flow resistance, and void-
ing. Component elevations on C-E plants are such that satisfactory

natural circulation decay heat removal is obtained by density dif-
ferences between the bottom of the core and the top of the steam
generator tube sheet. An additional contribution to natural circu-

lation flow rate is the density difference obtained as the coolant
passes through the steam generator U-tubes, but this is not required
for satisfactory natural circulation.

After the RCS conditions have stabilized, the operator must inves-
tigate the causes of the loss of forced reactor coolant flow. If

repair work is required, the RCS may have to be placed in a cold
shutdown condition.

s

6. Adequate forced flow is maintained through the RCS for residual
core heat removal if at least one RCP can be restarted. One RCP

operating in each loop is the preferred mode of operation. The re-
starting of the RCPs should be attempted if all of the following
criteria are satisfied:-

.

a) At laast one steam generator is removing heat from the RCS,
therefore, providing an RCS heat removal function.

,

b) Pressurizer level and pressure are responding to the Pressurizer
Level and Pressure Control Systems.

1

LOFRCF Guideline 5-28
_. _. - _. _ _ _ _ _ _ _ __



c) The RCS is greater than or equal to [20 F + inaccurecies] sub-
cooled. RCS subcooled condition ensures that the RCPs can be

. operated without damage due to cavitation.
d) All plant specific RCP operating criteria should be satisfied

.

before the RCPs are restarted.

.

7. The plant must be maintained in a stable condition based on auxili-
ary systems availability. One concern the operator must have is
the remaining supply of feedwater. If the available condensate ap-
pears to be marginally adequate, a plant cooldown within Technical
Specification Limitations should be commenced immediatley in order
to avoid running out of existing condensate before the shutdown
cooling system can be placed into operation. Otherwise, a cooldown

is not required to be initiated b'efore completion of cold shutdown
boration as described in an upcoming step.'

8. If required, a natural circulation plant cooldown to SDC initiation
conditions should be conducted according to the following actions
steps.

9. The plant should be borated to Technical Specification Requirements'

for reactivity control purposes.
s

10. Natural circulation flow should be continuously verified to be
adequately established. Cold leg temperatures should be verified
to be constant or decreasing and hot leg temperatures should be
stable and not increasing. Another means available to the opera-

| tor of verifying adequate natural circulation flow is to verify
that no abnormal differences exist between the hot leg RTDs and,

core exit thermocouples. Cold leg temperatures sh0S1d also not in-
crease signf ticantly above steam generator saturation temperature.
These Symptoms will be the most direct method of indication that
natural circulation flow is adequate.

!

i

|
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If natural circulation flow has been lost or degraded, efforts
shcald be concentrated towards regaining adequate RCS heat removal,

RCS pressure control, RCS inventory control, and reactivity control-

in both RCS loops. Again, any plant response as a result of a change
*

will be slow (5 - 15 minutes) as compared to the normal forced flow
system response time (6 - 12 seconds) since the coolant loop cycle
time has significantly increased. '

11. During the RCS cooldown, a rapid cooldown rate within Technical Spec-

ification Limitations is recommended to enhance the conductive cool-
ing capability of the RV upper head region. A large temperature
difference between the RV head and the RCS coolant will provide a
large thermal gradient and a greater heat transfer rate.

Also during the cooldown, pressurizer pressure should be maintained
as high as possible within operating restrictions until the time
criteria of Action #16 have been satisfied. This cooldown strategy
will minimize the possibility of flashing a condensable void in the
stagnant RV head dome during a natural circulation plant cooldown.

'

A RV void will not form until the RCS pressure is decreased to be-
low the RV head saturation pressure, regardless of the RCS cooldown
rate used. Thus maintaining high pressurizer pressure until time*

s

requirements are met, coupled with a large RCS cooldown rate, should
ensure that a condensable RV bubble will not be formed during the
natural circulation plant cooldown process.

The RCS cooldown should be commenced by performing steps a) or b),

and both c) and d) below:
'

i

a) The RCS is preferentially cooled down by feeding the steam gen-
erators with main or auxiliary feedwater and discharging steam -

using the Turbine Bypass System. This method can only be im- i

plemented if the condenser is available.

b) If the condenser is not available, an RCS cooldown should be

commenced using main or auxiliary feedwater and dumping steam
using the atmospheric steam dump valves. |

|

|
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. ,

c) [The Low Temperature Overpressurization Protection System should

be initiated at 275 F.]

d) The available condensate inventory should be monitored and re-.

plenished from available sources as necessary to continually
provide a source for a secondary heat sink. Example of alter-

,

nate sources of condensate are non-seismic tanks, fire mains,

lake water supplies, poi.able tanks, etc. Plant specific alter-

nate sources of feedwater should be investigated for applicability.

12. The operator should maintain the maxinum possible RCS cooldown rate
with the Technical Specification Limitations. The Technical Speci-

fication operating pressure / temperature curve is based on the cold
leg temperature and not on the hot leg temperature.

13. An event such as a steam generator tube rupture may require that
one steam generator be isolated continuously from the RCS, as a heat

- sink (i.e., all feedwater and s+eam flow in and out of that steam
generator stopped). During normal forced flow conditions in the
RCS, when one steam generator must be isolated as a heat sink, suf-

ficient reverse heat transfer occurs to maintain the isolated (bot-
tied up) steam generator at the same relatile temperature as the op-
erating RCS loop during a plant cooldown. However, with no RCPs

operating, conditions can be generated which will stop natural cir-
culation flow though the isolated steam generator and RCS loop,
leaving those components in a hot stagnant condition.

This condition by itself will not necessarily affect core cooling
via natural circulation in the unisolated steam generator and RCS"

loop. As long as reactivity control, RCS pressure control, RCS in-
ventory control, and RCS heat removal are properly maintained in-

the operating loop, sufficient natural circulation flow will be main-
tained through the core and operating loop.
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However, a hot isolated steam generator presents.a serious problem
when trying to depressurize the RCS to initiate shutdown cooling.
Depressurization of the RCS below the isolated steam generator's
saturation temperature / pressure could then quickly void large por-
tions of the isolated RCS loop which could lead to interruption of -

the natural circulation cooling established in the operating RCS
loop or could cause the isolated steam generator to act like a pres- '.

surizer and prevent further depressurization to the shutdown cool-
.ing initiation pressure. Thus, an isolated steam generator must be

cooled down before shutdown cooling can be aligned.

The preferred method of cooling an isolated steam generator is to
start any RCP, if one is available. Forced reactor coolant circu-
lation through an isolated steam generator will provide adequate
heat transfer to maintain the isolated steam generator's temperature
approximately the same as the operating steam generator's temper-
ature.

Another method, if this is possible, is to drain (not completely
dry) and refill the isolated steam generator secondary water vol-

'

ume. Control of the cooldown in the isolated loop should be regu-
lated by the refill rate of the cool feedwater.

<

14. The subcooled margin [20 F + inaccuracies], should be maintained
~

at all times. However, if the subccoled margin becomes completely

degraded and a saturated condition becomes established in the hot
legs, natural circulation flow may still be established and main-
tained. In this event, reestablish subcooled conditions as soon as

possible and continue to verify that natural circulation flow is
being maintained. If hot and cold leg temperatures indicate that '

natural circulation flow is lost, alternative emergency methods of
core cooling should not be implemented soley because subcooled mar- -

gin is lost.
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15. The pressurizer level should be maintained throughout the cooldown
by the following methods:

a) Preferentially, the pressurizer level is maintained by control
of charging and letdown.*

b) Operation of the HPSI pumps is the next order of priority for-

maintaining pressurizer level.

If the normal shutdown reference level is not maintained, a pres-

surizer level [above 10% and below 90%] should be maintained to a-
void loosing pressure control with the saturated bubble in the pres-
surizer. If the pressurizer level drops below the top of the pres-
surizer heaters, pressurizer heater operation will be interlocked
off for overheating proctection. A plant cooldtwn can be initiated

without a pressurizer level within the above preferred level indi-
cations as long as adequate primary pressure control is being main-
tained. However, pressurizer level should be brought back to normal
as soon as possible.

Once the pressurizer water temperature varies from the normal hot
standby temperature, the instrument indication on the normal pres-
surizer level channel will begin to deviate (i.e. decalibrate) from <

the true pressurizer level. At this time, the operator should use
plant cooldown correction curves to determine the true pressurizer

! water level. A cold calibrated pressurizer instrument channel is
provided. This channel can be used as a quick reference during the
plant cooldown. The actual pressurizer water level during pres-
surizer cooldown will be between the level indicated on the cold

' ~

calibrated channel (which reads low) and the level indicated on
the hot calibrated channel (which reads high).

.
,

16. Auxiliary spray is manually operated to depressurize the RCS when
the following criteria are satisfied:

;

a) The RCS has been cooled to SDC initiation temperature [300 F]

and either:
l

l
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b) all RCS' hot leg temperatures have been beluw [300 F] for
[7 hours], or

I

c) [20 hours] has elapsed since the start of the cooldown. |

17. If the auxiliary spray system is inoperative, alternative processes
must be considered to cool and depressurize the pressurizer. How-

*

ever, if no requirements for an immediate plant cooldown exist (such
as limited secondary condensate, Technical Specification require-
ment, etc.), then hot standby conditions should be maintained while
spray flow capability is being restored.

Methods to cool the pressurizer include the pressurizer drain and
fill method, [or operating a PORV]. The pressurizer drain and fill

process involves raising the pressurizer water level to the plant
specific maximum allowed level by operating all charging pumps and
minimizing letdown ficw. TI.e pressurizer water level is then low-
ered to just above the top of the pressurizer heaters by decreasing
charging and increasing letdown.

18. The [20 F + inaccuracies] subcooling margin must be maintained through-
out the RCS depressurization to prevent void formation in the core,

s

j The ESFAS signal set point on each safety channel should be bypassed

|_ at [^.750 psial :to avoid safety system actuated by the ESFAS, whose
operation may not be necessary, from operating at an undesirable

| time.

[The safety injection tanks should be isolated, ' vented, or drained
-

t

| at 250 psig to avoid introducing their nitrogen cover gas into the
RCS and increasing the severity of the event.]

,

|
r

!

!
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19. uuring a normal plant cooldown with reactor coolant pumps running,
a small percentage of the forced flow is circulated in the RV upper
head dome region which cools that area during the RCS cooldown.
During natural circulation flow conditions in the RCS, the amount

- of flow through the RV upper head may be virtually negligible. Thus,

the RV upper head can become a stagnated region with the only cool-
ing being the heat loss to ambient and the head conducted down through*

the reactor vessel and internal structures. Even though the RCS

can be cooled down to low temperatures by natural circulation flow
with a large subcooled margin, the RV head region may remain rela-
tively hot if insufficient time is allowed for ambient heat losses
from the RV head areas. Thus, as the RCS is depressurized in prepa-
ration for entering shutdown cooling, a stem bubble may form by
flashing primary coolant in the RV head dome.

Pressurizer level change can be used to monitor the growth or col-
lapse of the RV void. Indication of voiding in the upper head may
be indicated by the following parameter changes:

a) letdown flow greater than charging flow, and
b) pressurizer level increasing significantly greater than ex-

pected while operating auxiliary spray, or
c) pressurizer level decreasing while operating charging pumps.

20. If voiding in the RCS is indicated, letdown is isolated in order to
|

ensure RCS cooling will be maintained. Provided enough condensate'

is available, the depressurization is stopped and an attempt at
eliminating the voiding is coninenced.

i

|' * The RCS is repressurized, causing the reactor vessel head bubble to
collapse. This is followed by a waiting period for further ambient
cooling o_.'are continuing the RCS depressurization to shutdown cool-'

ing entry pressure. If sufficient condensate and/or makeup is not

available for the waiting period, plus subsequent cooldown to shut-
down cooling entry conditions, conduct the plant cooldown so that
entry to shutdown cooling is achieved prior to depleting the con-

j densate inventory.
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System pressure should not be allowed to go below the minimum re-
quired pressure to maintain RCS loop subcooled margin. A reactor
coolant pump should not be started while a condensable void is known
to be present in the RV head region. Sudden forced flow of cool re-
actor coolant into this region may possibly result in a quick col- -

lapse of the condensable void with resultant water hammer effects.
Avoiding RCP operation with a bubble in the RV head will preclude .

this concern.

21. Voids which occur in the RCS which cannot be eliminated by the in-
structions of the previous step may indicate the existence of a
void made up of non-condensible gases. [The reactor vessel head
vent may be operated as necessary to eliminate these gases.]

22. The depressurization to SCS entry conditions may be resumed if
- voiding is eliminated by any of the previous steps.

23. The final step places the Shutdown Cooling System into operation.
Entering shutdown cooling need not be a required step in the plant
cooldown process. If adequate condensate is available and other
operating criteria can be met, continuing to remove decay heat with
the steam generators can be an acceptable alternative to using the
Shutdown Cooling System for removal of reactor decay heat. s

:

* ,

1

|-

|

|
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Figure 5.2-1 |.
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LOSS OF FORCED REACTOR COOLANT FLOW GUIDELINE

SYMPTOMS-
.

1. RCP trip alarm.
.

2. Reactor Trip.

3. Turbine and generator trip alarms.

4. Decreasing stemn generator aP in the affected RCS loop.

5. RCP trouble alarms.

6. Low RCP motor current.

7. Low RCS flow indication.

8. Initial Trending of Key Parameters

a). Reactor Power - Decreasing
b) Pressurizer Pressure - Decreasing
c) Average RCS Temperature - Decreasing

d) Pressurizer Level - Decreasing
e) Steam Generator Pressure - Increasing
f) Steam Generator Level - Decreasing

,

.

.

1.
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_ . . . _ . . - . . _ . _ . . _ _ _ _ _ _ _ _ . , _ . . _ . _ . . _ _ . . _ _ _ _ . . . _ . _ _ _ _ . , _ . . _ . . . . _ _ _ _ _ . . -



IMMEDIATE ACTIONS

1. Verify that the reactor has tripped. If not, manually trip.the re-

actor and carry out the standard post-trip actions.
,

.#

2. Verify that the Mai or Auxiliary Feedwater System is restoring or
maintaining steam generator level.'

3. Operate-the turbine bypass valves to maintain RCS temperature be-
low the set point of the steam generator safety valves. If the by-

pass valves or the condenser are not available, use the atmospheric
dump valves.

FOLLOW-UP ACTIONS

1. Verify all immediate actions have been initiated.

2. Confirm the diagnosis of a Loss of Forced Reactor Coolant Flow event.
If a misdiagnosis has been made, implement the proper emergency

guideline. If a definitive diagnosis cannot be made, refer to the
plant status and trending diagnostic (see Section 6.0).

<

U
3. Establish- and maintain the hot leg temperature (T ) at least [20 F +

h

inaccuracies] below saturation temperature corresponding to the RCS

pressure (refer to Figure 5.2-2) by doing the following:

a) Operate pressurizer heaters or auxiliary spray to increase or
maintain pressurizer pressure.

.

b) Increase the turbine bypass or atmospheric steam dump flow to
' reduce RCS temperature..

4. Verify that the PLCS is functioning to maintain pressurizer level.
If necessary, manually operate charging and letdown to restore and

maintain normal oressurizer level.
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- 5. Verify, by the following indications, that natural circulation flow

has been established within [5 - 15 minutes] if all RCPs have tripped:

a) Loop AT (T T ) less than normal full power AT.h c
b) Cold leg temperatures constant or decreasing. '

c) Hot leg temperatures stable (i.e., not steadily increasing).
d) No abnormal differences between T RTDs and core exit thermocouples. -

3

6. One RCP in each loop may be restarted if the following criteria are
satisfied:

a) At least one steam ger.erator is removing heat from the RCS.
b) Pressurizer level and pressure are responding nomally to the

Pressurizer Level and Pressure Control Systems.

c) The RCS is at least [20 F + inaccuracies] subcooled (refer to
Figure 5.2-2).

d) [0ther criteria satisfied per RCP operating instrucitons.]

7. Maintain the plant in a stabi'ized condition based on auxiliary
systems availability (e.g. condensate inventory).

8. If required, conduct a plant cooldown to SDC initiation conditions
as: addressed in the following sections.

9. Borate the plant in accordance with Technical Specification Limitations.
.

10. Continuously verify natural circulation flow throughout the cool-
down process.

'

11. Comence an RCS cooldown by performing one of the following (listed
in order of preference):

.

a) If the coqdenser and Turbine Bypass System are available, com-
mence the cooldown using the Turbine Bypass System and main or

auxiliary feedwater.
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b) If thE Condenser or the Turbine Bypass System are not available,
commence the cooldown using the. atmospheric dump valves and main

or auxiliary feedwater.

c) [ Initiate the Low Temperature Overpressurization Protection.

(LTOP) System at 275 F.]

.

d) Monitor the~ available condensate inventory and replenish from
alternate sources as required.

12. Establish a maximum cooldown rate in accordance with Technical Speci-

fication Limitations.

13. If a steam generator was isolated following a SGTR event, continue
the natural circulation cooldown by performing the following activi-
ties (listed in order of preference):

.

a) If possible, restart one RCP in each loop to establish cooling
of the isolated steam generator.

b) Periodically drain and refill the isolated steam generator with .

feedwater.

14. During the cooldown, maintain a m' imum of [20 F + inaccuracies]

| subcooling (refer to Figure 5.2-2) by the following methods (listed

| in order of preference):

a) Manual control of pressurizer heaters and auxiliary spray,
i b) Operating charging or HPSI pumps.

!
'

|

15. During the cooldown maintain pressurizer level by the following
| methods (listed in order of preference):.

a) Control charging and letdown.
b) Operating HPSI pumps.

!

|
?

I 5-41
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16. Depressurize the RCS to SDC initiation pressure by manually oper-
ating auxiliary spray if the following criteria are satisfied:

a) The RCS has been cooled to SDC initiation temperature {300 F],
and either: -

b) all RCS hot leg temperatures have been below [300 F] for [7 hours],
or, .

c) [20 hours] has elapsed since the start of the cooldown.

17. If the auxiliary spray is not available, perform one or more of the.
following:

a) Based on condensate inventory, stay at hot standby conditions
until main or auxiliary spray flow can be restored,

b) Use a pressurizer fill and drain method to depressurize.

c) [0perate the pressurizer vent.]

d) [0perate a power operated relief valve (PORV).]

18. During the RCS depressurization, perform the following:

Ua) Maintain a [20 F + inaccuracies] subcooled margin (refer to Fig-
ure 5.2-2).

b) [ Bypass the ESFAS signal set point on each safety channel at
1750 psia.]

c) [ Isolate, vent, or drain the safety injection tanks (SIT) at
250 psia.]

19. During the RCS depressurization, monitor for void formation. Indi-
cations of possibilities of voids are:

.

a) A pressurizer level increase significantly greater than expected
while operating auxiliary spray. -

b) A pressurizer level decrease while operating charging.

c) If the PLCS is in automatic, an unanticipated letdown flow great-
er than charging flow.
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20. If voiding of the RCS is indicated, perform the following:

a) Isolate letdown.
b) ~ Stop the depressurization.

- c) Stop the RCS cooldown.

d) Repressurize the RCS to eliminate the void by operating pres-
surizer heaters or HPSI.and charging pumps..

21. [If the void formation is suspected to be non-condensible gases,
operate the reactor vessel aead vent as necessary to eliminate the
gases.]

22. When conditions permit, resume the depressurization to SDC initia-
tion pressure.

23. When the RCS is cooled down to [300 F] and [300 psia] initiate shut-
down cooling.

t

!

.

, .

.
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PRECAUTIONS

1. Natural circulation flow cannot be verified unti1 the RCPs have
stopped coasting down after being tripped.

.

2. Verification of plant responses to a plant change cannot be accomp-
lished until approximately 5 to 15 minutes following the action due -

to increased loop cycle times during natural circulation.

-3. After a cold shutdown boron conctntration is attained in the RCS,
makeup water added to the RCS during the cooldown should be at least
the same boron concentration as in the RCS to prevent any dilution
of RCS boron concentration.

4. Once the pressurizer cooloown has begun, pressurizer level indica-
tion decalibration will occur. 'The indication on the normal pres-

surizer level indication will begin to deviate from the true pres-
surizer level. The operator should use correction curves to find
the true prassurizer water level. A cold calibrated pressurizer

level indication is also available for lower pres.surizer tempera-
tures.

5. Minimize the use of pressurizer auxiliary spray whenever the temper-
ature differential between the spray water and the pressurizer is
greater than [200 F] in order to minimize the increase in the spray
nozzle thermal stress accumulation factor. Every such cycle must

be recorded in accordance with Technical Specification Limitations.

6. If pressurizer spray is not available, boron concentration in the
'

pressurizer may be lower than the RCS loop boron concentration.
The RCS boron concentration should be increased to '. void being di-

luted below minimum requirements by a possible pressurizer outsurge. -

.
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7. If the RCS is solid, closely monitor any makeup or draining and any
system heatup or cooldown to avoid any unfavorable rapid pressure
excursions.

8. [ Monitor quench tank parameters since any sustained operation of the-

PORVs may burst the tank's rupture disc.]
.

'9. During all phases o) the cooldown, monitor RCS temperature and pres-
sure to avoid exceeding a maximum cooldown rate greater than Tech-
nical Specification Limitations.

10. If cooling down by natural circulation with an isolated steam gen-
erator, an inverted AT (i.e. T higher than T ) may be observed inc h
the idle loop. -This is due to a small amount of reverse heat trans-

fer in the isolated steam generator and will have no affect on nat-
ural circulation flow in the intact steam generator.

11. All available indications should be used to aid in diagnosing the
event since the accident may cause irregularities in a particular
instrument reading. Critical parameters must be verified when one
or more confirmatory indications are available.

12| . Evaluate condensate storage inventory. Conduct a plant cooldown

and enter shutdown cooling prior to depleting condensate storage
inventory. Actions for elimination of voids should only be taken
if condensate inventory can sustain the extended cooldown to shut-
down cooling entry conditions.

.

.

.
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Figure 5.2-2
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5.3 STEAM LINE BREAK GUIDELINE

BASES-

|

A steam line break is a break in the steam or feed piping which leads
to an unexpected, rapid increase in secondary plant steam flow that
results in a reactor trip or exceeds the control cepability of the
Reactor Regulating System, Pressurizer Pressure Control System and/or
Pressurizer Level Control System. Some of the possible causes inc.lude:

a) Rupture or break in a main .iteam line.

b) Rupture or break of a main or auxiliary feedwater line
downstream of the last check valve (break upstream of the last

check valve in a feedwater line is considered a loss of
feedwcterevent).

c) Inadvertent opening of liain Str'7 System valve (s) (i.e. ,
atmospheric dumps, turbine bypass, etc.).

d) Stuck open steam generator safety valve.

Characterization of an SLB;

The following parameters characterize an SLB:

a) Increased steam flow frm the steam generators,

o) Decreasing steam generator pressure and water level (initially,

!' there may be level swell).

c) Decreasing primary coolant averaga temperature causing a-

decrease in pressurizer pressure and water level .
,

d) Reactor trip caused by low steam generator water level, low
pressurizer pressure, low steam generator pressure, or high

|
containment pressure (if SLB is within containment).

|
|
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e) SIAS will be generated from low pressurizer pressure or high
containment pressure (if SLB is within the containment).

f) A CIAS and CSAS may be generated on high containment pressure
'

(if SLB is within the containment).

'

g) Possible increase in containment pressure, temperature, radiation
humidity or containment sump level.

Safety Functions Affected

A steam line break, depending on location, can directly affect two critical
safety functions; RCS inventory control and containment integrity.

A steam line break results in excess steam flow on the secondary side

which will cause a reactor trip. If the break is large enough, a turbine
trip will occur due to reduced electrical ' output. This decrease in
reactor power (due to turbine and reactor trip), combined with the
increase in steam generator heat removal (due to the excess steam flow)
reduces RCS temperature. A reduction in RCS temperature causes an inventoryi

loss (shrinkage). This lost inventory will be made up by the Safety
Injection System and/or the charging pumps; care should be taken that
while the lost inventory is being replaced the RCS pressure does not
go solid.

If a break occurs inside containment, the steam ficw from the break will
result in an increase in containment pressure and temperature. The
threat to containment integrity is mitigated by a CIAS when pressure
exceeds [5 psig] and a CSAS when pressure exceeds [10 psig].

.

Initial Trending of Key Parameters _
.

Reactor Power
,

In response to the increased steam flow, reactor power will initially
increase, followeri by a reactor trio which may be caused by any one of
the following: low pressurizer pressure, low steam generator water level,
high containment pressure, or low steam generator pressure.

SLB Guideline 3-40
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RCS Temperature

Prior to the reactor trip, RCS temperature will decrease because heat
removed by the SLB exceeds heat produced by the core. After the reactor
has tripped, heat removal will exceed decay heat, causing further cooling

,

of the RCS.

.

Pressurizer Pressure and Level

-Pressurizer pressure and level will decrease due to the lowering of RCS
temperature.

Steam Generator Pressure

Steam generator pressure in the affected steam generator will decrease
due to the decrease in resistance caused by the SLB and the decrease in

RCS temperature.

Steam Generator Level

Steam generator level will initially increase due to swell and tnen
decrease because the Feedwater Level Control System will be unable to

keep up with steam flow.

Event Strategy _

Figure 5.3-1 provides a summary of the strategy employed in this guideline.
Only the major decision points are indicated. A detailed discussion of
the required operator actions and bases is found in the following sub-
sections.

Bases Itinediate Actions

The plant responses to a SLB are very rapid, thus precluding imediate'

operator action at the onset of the transient. Therefore, immediate
actions are oriented towards verifying the automatic safety systems'

are operating properly.

1. Verify the reactor has tripped. If not, a manual trip s initiated.

This will verify thtt the proper shutdown margin is maintained.
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2. The initiation of an SIAS must be verified if pressurizer pressure
decreases to [1600 psia],[or if containment pressure increases to
5 psig]. If SIAS has not been automatically actuated, it must be
initiated manually. This action verifies safety functions are being
perfomed; RCS heat removal and RCS inventory control.

~

'

3. If pressurizer pressure decreases to [1300 psia] following an SIAS,
all reactor coolant pumps must be stopped.

A system response identified by a depressurization transient to below
[1300 psia] follcwing an SIAS (and subsequent operation of the SIS) is
characteristic of a LOCA. Continued RCP operation at RCS pressure

below [1300 psia] during a LOCA may result in more severe RCS conditions.

It may not be possible to distinguish between events causing a
depressurization in the early stages of the transient, specifically
during the time period when the immediate actions are taken. The
immediate actions required for all events are directed at placing the
plant in a safe condition. To avoid the necessity of a confirmation
of the initiation event during the time when the immediate actions
are taken, anytime pressurizer pressure decreases to [1300 psia]
following an SIAS, all RCP operation is terminated.

4. Verify the initiation of an MSIS if steam generator pressure is less
than [800 psig]. If not, manually initiate an MSIS. An MSIS will
shut the MSIVs, isolating a break downstream of the MSIV automatically.
This will also isolate one steam qea rator from any break associated
with the other steam generator a sa limit the high energy blowdown of
the contents of one steam generator.

.

5. Verify a CIAS if containment pressure increases to [5 psig], [or if
~

pressurizer pressure decreases to 1600 psia]. If not, mancally

initiate a CIAS. This action minimizes the chances of the containment
atmosphere leaking to the environment.

6. If containment pressure increases to [10 psig], verify a CSAS has

occurred. If not, manually initiate a CSAS. A CSAS will reduca

containment pressure and temperature, thereby minimizing a containment

to atmosphere leakage.
SLB Guideline qqq



Bases Follow-up Actions
._

The Follow-up Actions are directed toward detemining where tl.e SLB is
located, isolating the break and bringing the plant back to a stable
controlled condition..

1. All immediate actions are verified for their execution to check,

that all'the critical safety functions have been attended to.

2. The diagnosis of a SLB event should be confirmed by referring to
Figure 5.3-2. If a misdiagnosis has been made, the nrocer emergency
guideline can then be implemented. If a definitive diagnosis

can not be made, the plant status and trending diagnostic is referenced.
This diagnosticis functionally oriented, and all critical safety

- functions are attended to. The proper emergency guideline can then
be implemented.

.

3. Identify the affected steam generator by comparison of steam pressures,
cold leg temperature differences and auxiliary feedwater flow (refer
to Figure 5.3-2. The steam generator with the break will still be
producing steam flow after the f1SIVs are shut. This is indicated by
a reduced loop T ,1 wer steam pressure, and larger auxiliary feed

c
flow than the isolated steam generator.

4. Isolate feedwater to the w Tected steam generator. This will
minimize ., further uncontrolled plant cooldown.

5. If both steam generators are found to have breaks, isolate the
steam generator with the larger break, if it can be determined,
and attempt to maintain an orderly cooldown using one steam-

generator. This action minimizes the uncontrolled cooldown rate,

.

6. If unable to detemine which steam generator is leaking, isolate
both steam generators and detemine the affected one. This is the
steam generator that will continue to decrease in level. The un-
affected steam generator's level will stabilize and its steam pressure
will increase. Unisolate and feed the intact steam generator. This
will provide RCS heat removal capabilities.

5-61.aLB Guideline
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7. !!aintain or rctore stean generator level in the unaffected steam
generator to provide a reans for either maintaining core cooling
or, if necessary, cool'.ng down the reactor.

8. To ensure a safe shutdown margin, borate the RCS to the cold shutdown .

boron concentration.
*

9. If the break has not been isolated a cooldewn of the RCS to the shut-
down cooling initiation temperature should be controlled by the
Turbine Bypass System. If condenser vacuum or the Turbine-Bypass

System are not available or if the MSIVs have closed, the atmospheric
dump valves must be used to effect the RCS cooldown. The maximum
cooldown rate should be limited to within Technical Specification

Limitations.

10. If the break has been isolated, RCS temperature should be controlled

by the Turbine Bypass System. If condensor vacuum is lost or if the
,

itSIVs have closed, the atmospheric dump valves must be used to control

RCS temperature. This action will prevent lifting of secondary or
primary safety valves.

11. The PLCS is verified to be automatically controlling or restoring
pressurizer level. If not, charging and letdown are operated manually
to ensure pressurizer level is being maintained. This action verifies
that a safety function is being performed; controlling RCS inventory.'

12. The PPCS is verified to be automatically controlling or restoring
RCS pressure. If not, pressurizer heaters and spray are operated
manually to control pressurizer pressure. This action verifies that-

a safety function is being performed; controlling RCS pressure. ,

13. Operation of the reactor coolant pumps should be attempted to ensure
.

continued forced circulation of coolant through the core and to
~

provide the capability for the nonnal mode of pressurizer spray.
However, only one reactor coolant pump in each loop needs to be
operated in an effort to minimize heat in?ut to the RCS.

SLB Guideline 5-52

. . . - . . .. .- .



|
!

l

The possibility of RCP operation is determined if all of the following
criteria are satisfied:

a) A steam generator is removing heat from the RCS and thus'

_

providing a pritaary heat removal function.

* b) Pressurizer level and pressure are responding normally to the
Pressurizer Level and Pressure Control Systems. This assures
that primary inventory is being controlled.

c) The RCS is greater than or equal to [20 F + inaccuracies]
subcooled. An RCS subcooled condition ensures that the RCPs
can be operated without damage due to cavitation.

d) [All plant specific RCP operating criteria should be satisfied
before the RCPs are restarted. ]

14. Upon termination of all RCP operations, natural circulation must be
established in the RCS. This condition can be verified by referring
i.e the Loss of Forced Reactor Coolant Flow Guideline and following

its instruction concurrently with this guideline.
.

,

15. If an SIAS has been initiated and the SIS is operating, it must
continue to operate until SIS termination criteria is met. This
criteria is:

.

a) RCS hot and cold leg temperatures are at least [20 F + inaccuracies]
below saturation temperature for pressurizer pressure (refer to*

UFigure 5.3-3. Establishing [20 F + inaccuracies] of subcooling
prevents void formation in the core when SIS flow is terminated,
and provides sufficient margin for reestablishing flow should the
[20 F + inaccuracies] of subcooling deteriorate when flow is
secured. [For plants with high head HPSI pumps, this margin is
attainable prior to the opening of the PORV's, enabling the operator
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to prevent an unracessary loss of primary coolant.]

b) Pressurizer le'.el is in the normal opercting band and is responding
normally to the Pressurizer Level and Pressure Control Systems. A
pressurizer level in the normal operating band and responding -

normally ensures that RCS inventory control has been reestablished.
.

c) At least one steam generator has an indicated level and is re-
moving heat from the RCS. A steam generator having an indicated
level and removing heat from the RCS ensures that primary to
secondary heat removal is being maintained.

16. If[20*F+. inaccuracies]ofsubcoolingcannotbemaintainedafter
the SIS has been stopped, SIS operation must be reinitiated to ensure
core heat removal and minimize the chance of voiding occurring in

the RCE

17. If containment pressure is [8 psig] and is stable or decreasing,
containment spray can be secured and realigned for automatic operation.
This action minimizes the adverse effects of containment spray.

i

18. Maintain the plant in a stabilized condition based on auxiliary
systems availability (e.g., condensate inventory). If required, -

conduct a plant cooldown to SCS initiation conditions to repair the
SLB.

19. When RCS temperature is cooled to [300 F] and the RCS is depressurized
to [300 psig], initiate shutdown cooling, to cooldown and repair
the break.

.

.
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FIGURE 5.3-1
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| INTACT STEAM GENERATOR STEAM GENERAT0F

'

COOLIXkN PRESSURg CONTROL

PRESSUR5 CONTROL PPCS (SPRAY & HEATERS)
PPCS (SPRAY & HEATERS) INVENT Y CONTROL

~

INVENTORY CONTROL PLCS CHARGING &LETD0 kid
PLCS (CHARGING & LETUIN)
REACTIVITY CONTROL*

;

I I

| TERMINATE TERMINATE
l GUIDELINE GUIDELINE

i

SLB Guideline 5-55
_

_ ___



!

STEAM LINE BREAK GUIDELINES

SYMPTOMS,

1. Possible increase in containment pressure and sump level. .

2. Loud noise indicative of a high energy line break. .

'

3. Reactor trip alarm.

4. Increased steam generator steam flow with decreased electrical output.

5. Main Steam-Isolation Signal (MSIS) actuation.

6. Containment Isolation Actuation Signal (CIAS) (rupture inside con-

tainment). Possible Containment Spray Actuation Signal (CSAS).

7. SIAS generated.

8. Increase in feedwater flow until MFIVs are closed on a MSIS.

9. No high cadiation in containment - indicative of a rupture outside
containment or differentiates between an MSLB in containment and a <

LOCA.

10. Initial Trending of Key Parameters:

a) Reactor power - increasing (only before the trip).

| b) Pressurizer pressure - decreasing.

f c) Pressurizer level - decreasing. -

d) RCS temperature - decreasing.

e) Steam generator pressure - decreasing. .

f) . Steam generator _ level - increasing then decreasing. .

|

|
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IMMEDIATE ACTIONS

1. Verify the reactor has tripped. If not, manually trip the reactor
and carry out standard post trip actions.

.

2. If pressurizer pressure decreases to [1600 psia], [or containment
pressure increases to 5 psig], verify that an SIAS has been initiated.-

If not, manually initiate an SIAS.

3. If pressurizer pressure deca ?.ses to [1300 psia] following an SIAS,
stop all reactor coolant pumps.

4. If steam generator pressure is less than [800 psig], verify that an
MSIS has been initiated. If not, manually initiate and verify

closure of the MSIVs.

5. If containment pressure increases to [5 psig], [or if pressurizer
pressure decreases to 1600 psia], verify that a CIAS has been
initiated. If not, manually initiate a CIAS.

6. If containment pressure is greater than [10 psig], verify that a
CSAS has been initiated. If not, manually initiate a CSAS.

4

h j

.
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FOLLOW-UP ACTIONS

1. Verify that all immediate actions have been initiated.

2. Confirm the diagnosis of a SLB event by referencing Figure 5.3-2. .

If a misdiagnosis has been made, implement the proper emergency

guideline. If a definitive diagnosis cannot be made, refer to the .

plant status and trending diagnostic.

3. Identify the affected steam generator by comparison of steam
pressures, cold leg temperature differences and auxiliary feedwater
flow (refer to Figure 5.3-2. The unit wich the lower or decreasing
steam pressure and cold leg temperature subsequent to an MSIS is the
one with the break path.

4. Isolate the affected steam generator by perfoming the following
actions:

a) Isolate feedwate.' to the affected steam generator.

b) [If additional actions are required to isolate the affected
steam generator, insert that information here.]

5. If both steam generators are found to have breaks, isolate the
steam generator with the larger break if it can be detemined,
and attempt to maintain an orderly cooldown using one steam generator.

6. If unable to determine which steam generator is affected, isolate
both steam generators and determine the affected one, then unisolate
and feed the unaffected steam generator for an RCS cooldown. -

7. Verify that the steam generator level on the unaffected steam .

generator is being restored or naintained. .

8. Initiate boration of the plant. Continue the boration process until
the RCS cold shutdown boron . concentration has been attained, per

Technical Specification Requirements.
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9. If the break has not been isolated, operate atmospheric steam dump
valves or turbine bypass valves if the condenser is available to
cool down the RCS, within Technical Specification limitations, to
the shutdown cooling initiation temperature, [300 F].

,

10. If the break has been isolated, operate atmospheric steam dump
,

valves or turbine bypass valves if the condenser is available in an
effort to stabilize RCS temperature.

11. Verify that the PLCS is automatically restoring pressurizer level.
If not, manually operate charging and letdown to restore and maintain
pressurizer level.

12. Verify that the PPCS is automatically restoring RCS pressure. If

not, manually control heaters or spray to restore pressurizer
pressure.

13. If the RCPs were stopped, one RCP in each loop may be restarted if
the following criteria are satisfied:

a) The steam generators are removing heat from the RCS.

b) Pressurizer level and pressure are responding normally to the
Pressurizer Level.iand Pressure Control Systems.

c) The RCS is at least [20'F + inaccuracies] subcooled. Refer to
Figure 5.3-3.

d) [0ther criteria satisfied per RCP operating instruction].,

14. If all RCPs are stopped, verify that natural circulation is
,

accomplished per the Loss of Forced Reactor Coolant Flow Guideline
concurrently with this guideline.

~

15. If the SIS is operating, it may be stopped if the following conditions
are satisfied:

SLB Guideline 3-59
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a) RCS hot and cold leg temperatures are at least [20 F +
inaccuracies] below saturation temperature for pressurizer
pressure (refer to Figure 5.3-3), and

~

b) pressurizer level is in the normal operating band and is
responding normally to the Pressurizer Level and Pressure Control

*

System,and

c) at least one steam generator has an indicated level and is
removing heat from the RCS.

16. If [20*F + inaccuracies] subcooling (refer to Figure 5.3-3 cannot be
maintained after the SIS has been stopped, the SIS must be restarted.

17. If containment pressure falls balow [8 psig], containment spray nay
be terminated. Upon termination, it must be realigned for automatic
operation.

18. Maintain the plant in a stabilized condition based on auxiliary
systems availability (e.g. condensate inventory). If required,

conduct a plant cooldown to SCS initiation conditions.

19. When RCS temperature is cooled to [300 F] and the RCS is depressurized
.

to [300 psig], initiate shutdown cooling.
1
i

l

1

.

l.

1
,

|

!
1
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PRECAUTIONS

1. Lengthy operation of the Containment Spray System may jeopardize
the operation of equipment which would be desirable later in the event.
Early consideration should be given to termination of spray operation.

,

2. During all phases of the cooldown, monitor RCS temperature and
.

pressure to avoid exceeding a maximum cooldown rate greater than
Technical Specifications.

3. Do not place systems in " manual" unless misoperation in automatic
is apparent. Systems placed in " manual" must be checked frequently

to ensure proper operation.

4. All available indications should be used to aid in diagnosing the
event since the accident may cause irregularities in a particular
instrument reading. Critical parameters must be verified when one
or more confirmatory indications are available.

.

9

5

.

.

i
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FIGURE 5.3-3
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6.0 Inadequate Core Cooling

.

6.1 Introduction
.

Inadequate core cooling (ICC) is a term that defines a reactor core con-
dition that is degraded beyond that anticipated during normal plant op-

,

eration. The ICC condition can result from operator error or from equip-
ment failures. However, to induce ICC, operating procedures have to be
improperly implemented or equipment failures beyond that considered
credible in design must occur.

ICC Guidance has been factored into the existing system of emergency
procedure guidelines. For example, the use of PORVs and the HSPI Sys-

tem is addressed in the Loss of Feedwater Guideline, as opposed to being
found in a separate package. The ICC Guidance' found in this section
provides a functional approach to plant status and trending, as explained
below.

6.2 Plant Status and Trending

While implementing a particular emergency procedure guideline or group
of emergency orocedure guidelines within the guideline system, the op- -

erator is required to monitor for adequate core cooling and appropriate
reactor core conditions associated with the particular mode of plant
operation.

In addition to the manner in which adequate core cooling monitoring is
effected in the individual emergency procedure guidelines, a supplemen-
tal methodology for determin' ; the adequacy of the existing mode of*

core cooling is found in Table 6.2-1, entitled " Plant Status and Trend-
ing".-

_

The plant status and trending table features an independent means to
assess reactor cooling. The utilitation of the table does not require

any concurrent knowledge of the plant stergency event.

6-1
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6.3 Features of the Plant Status and Trending Table

The critical plant safety functions which must be attended to during any
emergency event (following a reactor trip) are listed. Specific para-
meters are normally monitored which demonstrate if the safety function

'

is being completed adequately. Associated with these parameters are
anticipated post-trip trendings and limitations within which their status

*is regarded as acceptable.

Utilization of this table, by comparing the listed parameter status and
trending for a safety function against those noted in the control room,
will identify if adequate cooling is established in the core.

6.4 Summary of Actions to Mitigate ICC

As stated previously, the existing emergency procedure guidelines pre-
scribe actions consistant with preventing or mitigating ICC. These

actions assure the completion of the critical safety functions found on
Table 6.2-1.

On Table 6.4-1, all the actions which assure adequate core cooling have
been summarized. Alternative actions are also listed. If an action is
found in one or more of the emergency procedure guidelines, this is in-
dicated by a star. This +able demonstrates the adequacv of the actions
found in the procedure guidelines in preventing or mitigating ICC.

.

.
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TA8LE 6.4-1- S U M M A R Y OF ACTIONS TO ASSURE ADEGUATE CORE COOLING

ANTICFATED LOSS LOSS ST E AM LOSS M
REACTOR TRANCIENT .0F OF GENFRATOR

L REs TRIP WITIJOUT FEED COJLANT TUBE BREAX COO W TSCRAM WATER ACCIDEN T RUPTURE FLOW

R E ACTIVIT Y CONTROL
X X X X X X X

1. VERIFY THAT THE REACTOR HAS TRIPPED
,

1

2. IF N3T. MAVdALLY YRIP THE REACTOR X X X X X X X

3. IF MORE THAN ONE CEA HAS HOT INSERTED FULLY, BORATE THE PLANT IN ACCORDANCE WITH
q TEC #elCAL SPECIFICATIONS X

i
4. ATT EMPT TO MANUALLY INSERT THE CEA'S INTO THE CORE. PERFORM ONE OF THE FOLLOWING

ACTIONS4

x
A. PUSH MANUAL TRIP BUTTONS AT MAIN CONTROL HOARD

' 8. OPEN CEA TRIP 8REAKERS X

] C. DEENERG1ZE CONTROL ROD DRIVE MOTOR GENERATORS X

j D. [lF OTHER METHODS ARE AVAILA8tE TO INSERT CEA'S, INSERT THAT INFORMATION
j HEREI X

:
?

| RCS INVENTROY CONTROL
X X X X

1. ISOLATE THE 8REAK OF POSSIBLE '

2. VERIFY THAT THE PLCS IS AUTOMATICALLY RESTORING PRESSURIZER LEVEL X X X X X X X

3. IF NECESSARY, MANUALLY OPERATE CHARGING AND LETDOWN TO RESTORE AND MAINT AIN
i NORMAL PRESSURIZER L2 VEL X X X X X X X

a

4. MA14TAIN RCS INVENTORY USING THE SIS

X X X X X XA. IF PRESSURIZER PRESSURE FALLS BELOW ! 1600 PSIA 1 VERIFY INiilATION OF SAFETV
INJECTION. IF NECESSARY, MANUALLY INITIATE SAFETV INJECTION

D. IF TliE SlS IS OPERATING. IT MAY BE STOPPED IF THE FOLLOWING CONDITIONS ARE,

EATISFIED: X X X X X X
{
.

1 1. RCS HOT AND COLD LEG TEMPERATURES ARE AT LEAST 20*F + llNACCUFIACILSI JELOW
: SATURATION TEMPERATURES FOR PRESSURIZER PRESSURE X X X X X X
!

I

'
.

e, s

.

!
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TA8LE 6.4 1- S U M M A R Y OF ACTIONS 70 ASSUR E- ADE OU A T E CORE COOLING
i

REACTOR M N TED LOSS STEARELOSS OF STEAM yTRANSitNT OF my GENERATOR LINE
ACCIDENT TUDE REACTRIP WITHOUT FEED BREAKSCRAM WATER RUPTURE ANT

RCS INVENTORY CONTROL ( C o n t'd)

2. . A PRESSURIZER LEVEllSINDICATED E * * I

|

3. ONE STEAM GENERATOR HAS AN INDICATED 6EVEL AND 15 REMOVING HEAT FROM THE RCS X X X X X X X

! C. IF 20*F * |INACCUSAclESI OF SUSCOOLING | REFER TO FIGURE 21 CANNOT SE MAINTAINED
AFTER Tile SIS Ht,5 BEEN STOPPED, THE HPSI SYSTEM h0UST SE RESTARTED X X X X X- X X

y

i
!
'

RCS PRESSURE CONTROL

1 VERIFY T HAT THE PPCS IS AUTOMATICALLY RESTORING RCS PRESSURE .
'

.

i

2. IF NECESSA3Y, MANUALLY CONTROL HE ATERS OR SfMAY TO RESTORE PRESSURIZER PRESSURE
, X X X X X X X r

|

3. MAiNTASN RCS PHES6URE CONTROL USING THE SIS
X X X. X X X! #s IF PRESSURIZER PRESSURE FALLS BELOW [ 1600 PSIA 1, VERIFY INITIATION OF SAFETY

INJECTION. IF NECESSARY, MANUALLY INITIAT E SAFETY INJECTION

i
D. IF THE SIS IS OPERATING IT MAY BE STOPPED IF THE FOLLOWING CONDITIONS ARE

SATISFIED:
X X. X X X F

1. RCS HOT ANO COLD LEG TEMPERATURES ARE AT LEAST 20*F + | INACCURACIES |
j 3EB OW SATURATION TEMPERATURE FOR PRESSURIZER PRESSURE IREFER TO FIGURE 11

,

2. A PRESSURIZER LEVEL IS INDICATED
X X X X X X

I
3. ONE STEAM GENERATOR HAS AN INDICATED LEVEL AND IS REMOVING HEAT FROM

I THE RCS X X X X X X
f

f C. IF 20*F + | SNACCURACIES ] OF SU8 COOLING (REFER TO FIGURE Il CANNOT BE MAINTAINED
i AFTER THE SIS HAS BEEN STOPPED, THE HPSI SYSTEM MUST BE RESTARTED X X X X X X
4

d

; 4.
IBF RCS PRESSURE IS BELOW 2400 PSIA. VERIFY THAT THE PROVS HAVE REST ARTED. IF NECESSARY.
IS ) LATE THE PROVS OR SHUT THE PROV 8 LOCK VALVES | X X X X
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T ABLE 6.4-1- S U M M A R Y OF A C T I O W ', TO ASSURE ADEOUATE CORE COOLING

I ANTICFATED LOSS LOSS STEAM ST E AM FOHCEDREACTOR TRANSIENT OF OF GENERATOR INE
.

TRIP WITHOUT FEED COOLANT TUBE BREAK
SCRAM WATER ACCIDENT RUPTURE FLOW

RCS HEAT REMOVAL
X X X X X X X

,

MAINT AIN STEAM GENERATOR INVENTORY

1. VERIFY THAT THE MAIN OR AUXILIARY FEEDWATER SYSTEM 15 RESTORING OR MAINTAINING
STE AM GENERATOR LEVEL

2. IF ALL FEEUWATER (MAIN AND AUXILIARY)IS LOST, CONDUCT THE FOLLOWING ACTIVITIES: X

A. REDUCE THE NUMBER OF OPERATING RCP*S TO ONE PER LOOP TO MINIM 82E HEAT INPUT
XINTO THE RCS

B. SECURE STEAM GENERATOR BLOWOOWN, SECONDARY SAMPLING AND ANY NON-VITAL
X

ST E AM DISCHARGE

C. TAKE ACTIONS TO REGAIN MAIN OR AUXlLIARY FEEDWATER SYSTEM OPERATION X

D. l lF OTHER SOURCES OF WATER ARE AVAILABLE FOR STEAM GENERATOR HEAT REMOVAL,*

X
INSERT THAT INFORMATION HERE |

'; X X X X XMAINTAIN RCS FLOW -

1. M UNTAIN FORCES CIRCULATBON IF POSSIBLE

i A. IF PRESSURI2ER PRES $URE DECREASED TO |1300 PSIAl FOLLOWING AN SIAS, STOP ALL
X X X X X X'

REACTOR COOLANT PUMPS

B. IF THE RCPS WERE STOPPED,0NE RCP IN EACH LOOP MAY BE RESTARTED 1F THE
i FOLLOWING CRITERIA ARE SATISFIED: X X X X X X X

1. AT LE AST ONE STEAM GENERATOR IS REMOVING HEAT FROM THE RCS X X X X X X X

I

2. Pf1ESSURIZER LEVEL AND PRESSURE ARE RESPONDING NORMALLY TO THE X X X X X X X
PRESSURIZER LEVEL AND PRESSURE CONTROL SYSTEMS'

]
3. THE RCS IS AT LEAST 20*F + [1NACCURActESI SUSCOOLED(REFER TO FIGURE 21 X X X X X X X

4. (OTHER CRITERIA SATISFIED PER RCP OPERATING INSTRUCT!ONSI X X X X X X X5

J

2. IF ALL RCP'S ARE STOPPED,ViRIFY THAT NATURAL CIRCULATION IS ACCOMPLISHED PER THE
LOSS OF FOHCED REACTOR COOLANT FLOW GUIDELINES CONCURRENT LY WITH THIS GUIDELINE X X X X X X X

i

J
i
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TABLE 6.4-I.' S U M M A R Y OF ACTIONS TO ASSURE A s) E Q U A T E CORE COOLING

L LOSS STE AM 'REACTOR STEAM FORCEDTRANSIENT OF OF GENERATOR LiteE REACTORT RIP WITHOUT FEED COOLANT TUSE BREAK COOLANTSCRAM WATER ACC8DE NT RUPTURE Flow
RCS HEAT REMOVAL ( C o n t * al)

4

i OTHER llEAT REMOVAL ACTIONS

1. COM WENCE A RAPIO CONTROLLER WT COOLDOWN AS SOON AS POSSISLE VIA THE STEAM XGENERATORS. CONTINUE FEEDINu THE STEAM GENERATORSWITH MAIN OR AUXILIARY
FEEJWATER AND DISCHARGE STEAM TO THE CONDENSER OR ATMOSPHERE TO REDUCE RCS
PRESSURE TO INCREASE Ss*, FLOW -

I

-| 2. MAliiT AW SIS FLOW TO MAINTAIN RCS HOT AND COLD LEG TEMPERATURE AT LEAST 20*F *
] |lNAOCURACIESI DELOW SATURATION TEMPERATURE X X X. X X X X

3. |OPEN THE PRC VS AND ACTUATE THE HPSI PUMPS ALIGNED TO COI.D LEGSI *
~

X

4. IlF OTHER METHOOS ARE AVAILA8LE FOR HE EMOVAL FROM THE RCS. DNSERT THAT
INFORMATION HEREg X

i
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