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October 19, 1982
Rfwi-82- 61

Mr. Marold Denton, Director

Office of Nuclear Reactor Regulation
U.S. Nuclear Regulatory Commission
Washington, DC 20555

Dear Mr. Denton:

Subject: C_micgtigm b:m?n the cuustzon Engineering Owners Group
r t sion

The purpose of this letter is to inform you that I have recently replaced

Mr. K. P. Baskin of Southern California Edison as Chairman of the Combustion
Engineering Owners Group (CEDG). Concurrent with inforwing you of my appoint-
ment, the CEDG has requested that [ take this opportunity to reaffirm its
established policy regarding the subject communications. This pelicy has
assisted in reducing the uncertainty in determining the communicants on {ssues
4ad theredy improved the effactiveness of all parties concerned.

Submittals made by the CEOG to the NRC are not applicable to any individual
Ticensee unti] the submittal {s referenced by that licensee for use on his
docket. Should the NRC have questions within the scope of any CEDG submittal,
they should be addressed to the Owners Group chairman with copies to the ap-
propriate Owners Group Subcommittee chafrman, CE and each Owners Group member.
The individuals to whom copies should be addressed will be identified with
sach Owners Group submittal.

Questions from the NRC on issues beyond the scope of previous submittals made
by the CEOG should be addressed only to the individual Ticensees. The licensees
will then consider the extent of the CZ0E involvement, if any, in an approri-

ats response.

The CEDG feels that this communication policy serves the best interesis of the
Owners Group, Individual licensees, and the NRC.

If you or your staff have any questions concerning this topic, or any topic
pertaining to this CEUG, please contact me at extensipn 3871. If sending
Federal Express our street address is 107 Selden Strec*, Berlin, CT 06037.

Sincerely,

L L. loelle—

R. W. Wells

Chairman

CE Owners Group
RWW/djr

cc: D. G. Efsenhut--NRC R. H. Volimer--NRC
R. J. Mattson--NRC S. S. Hanauer--NRC
H. L. Thompscn-=NRC viid
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ABSTRACT

This report has been prepared by Combustion Engineering, Inc. for the C-E
Owners Group in response to the NRC Safety Evaluation Report (SER) on CEN-152
Revision 01 and to Three Mile Island (TMI) Action Item II.K.3.5. This report
also continues the response to NUREG-0737, Item I.C.1, which was previously
provided by CEN-152, Revision 01. This report coniains revised generic
Emergency Procedure Guidelines which supersede those contained in Combustion
Engineering Emergency Procedure Guidelines, CEN-152, Revision 0l. It also
contains supporting information on the development of the Guidelines.

CEN-152 Rev. ™ Sub 1
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1.0 INTRODUCTION

1.1 PURPCSE

The objective of this report is to provide a description of the Combustion
Engineering Owners Group (CEOG) emergency procedure guideline system. This
report contains the methodology useu *o develop and validate the emergency
procedure guidelines (EPGs), and information un yuiueline implementation.
Revision 01 of this report was provided in response to Nuclear Regulatory
Commission (NRC) requirements set forth in NURcG-0737, Item [.C.1. Revision
02 is being provided in response to the NRC Safety Svaluation Report (SER) on
Revision 01 (Reference, 14.21) and in support of the resolution of Three Mile
Island (TMI) Action Item II1.K.3.5 regarding reactor coolant pump (RCP) trip
strategy. Justification of the "Trip 2/Leave 2 RCP Trip Strategy During
Transients" is provided in Reference 14,22,

1.2 BACKGROUND

Following the Three Mile Island Unit 2 (TMI-2) incident, the NRC established
requirements addressing their objective to improve the quality of operational
information for dealing with emergency events,

Following the TMI-2 incident. IE Bulletin 79-06C, "Nuclear Incident at Three
Mile Island - Supplement", was issued. IE Bulletin 79-06C required that
analyses and operator guidance pertaining to small break loss of coolant
accidents (LOCA) and inadequate core cooling (ICC) be developed. The follow-
ing CEOG sponsored reports dealing with selected multiple failures and system-
atic failure analyses provided responses to IE Bulletin 79-06C:

1) CEN-114-NP Amendment 1-NP, "Review of Small Break Transients In
Combustion Engineering Nuclear Steam Supply Systems"

2) CEN-115-NP Amendment 1-NP, "Response to NRC IE Bulletin 79-06C,
[tems 2 and 3, for Combustion Engineering Nuclear Steam Supply
Systems"

1-1 CEN-152 Rev, 03 Sub 1
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3) CEN-117, "Inadequate Core Cooling, A Response to NRC IE Bulletin
79-06C, Item 5, for Combustion Engineering Nuclear Ste.m Supply
Systems".

Then, NUREG-0578, "TMI-2 Lessons Learned Task Force Status Report and Short
Term Recommendations", was issued. That document contained the NRC's short-
term recommendations on improving the analyses of design basis and off-normal
transients and the procedures for handling such transients. The implementa-
tion of these recommendations was made a requirement by the NRC's Office of
Nuclear Reactor Regulation (NRR) in letters which were issued on September 13
and 27, October 10 and 30, and November 9, 1979.

CEN-128, entitled "Respunse of Combustion Engineering Nuclear Steam Supply
System to Transients and Accidents", was submitted by the CEOG in response to
NUREG-0578. CEN-128 contains the information required by NUREG-0578 including
the results of improved and extended best estimate analyses of design basis
and off-normal transients and the corresponding emergency procedure guide-
Tines.

In May 1980, NUREG-066G, "NRC Action Plan Deve'oped as a Result of the TMI-2
Accident," was issued. NUREG-0660 1ists, by task, all of the NRC's TMI
related action plan recommendations. Task [.C.1 of NUREG-0660 discuss.
operational guidance issues. Th~ objective of Task 1.C.l1 was to conduct a
short-term program of best es*imate accident analysis and procedures revision.

The revisions recommended by NUREG-0660 are part of an ongoing three phase
program for emergency guidance improvement initiated by NUREG-0578. Item
[.C.9. of NUREG-0660 discusses future activities in this area by stating:

“The NRC will develop a long-term program plan that will integrate and
expand on current efforts in the writing, reviewing, and monitoring of
plant procedures. Studies to be considered in the plan will include how
best to write plant procedures to assure that the wording of procedures
is clear and concise; that the content of procedures reflects both

CEN=152 Rev. 03 Sub 1
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engineering thinking and operating practicalities; and that the format of
procedures is clear, including clear diagnostic instructions for identi-
fying the particular abnormal conditions confronting the operator.”

NUREG-0737, "Clarification of TMI Action Plan Requirements", which was issued
in October of 1980 provided clarification of some TMI-related action plan
requirements and specified schedules for implementation. Item I[.C.l1 of
NUREG-0737 clarified the action plan recommendations that had previously been
set forth in NUREG-0660. The report contained herein was first prepared in
response to NUREG-0737, Item I.C.1. An evaluation of CEOG compliance to
NUREG-0737, and subsequent regulatory initiatives, is provided in Section 1.3.

The initial submittal in response to I.C.1 of NUREG-0737 was contained in
CEN-152, Revision 00, "Combustion Engineering Emergency Procedure Guidelines",
and CEN-156, Revision 00, "Combustion Engineering Emergency Procedure Guide-
Tines Development. The NRC provided comments on this submittal in an Eisenhut
letter dated September 15, 1981. Revision 01 to CEN-152 was submitted in
response to the NRC comments on Revision 00,

The NRC issued a Safety Evaluation Report (SER) on CEN-152 Revision 01 on July
29, 1983. The NRC concluded that the C-E Imergency Procedure Guideline
program provided improved guidance for emergency operating procedure develop-
ment and was acceptable for nlant specific implementation. The SER identified
a number of items associated with the guidelines which required further
consideration by the CEOG. CEN-152 Revision 02 aidresses several items
specified in the SER (e.g., voiding, RCS heat remosal capability, safety
injection maximization, and charging pump operaticn). Also includea in
Revision 02 is guidance on use of the Reactor Vessel Level Monitoring System
(RVLMS) and a new strategy for RCP operation during depressurization events,
This revised RCP operating strategy was devel.ped in resolving NUREG-0737,
Item 11.K.3.5.
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1.3 SUMMARY OF NUREG-0737 Item 1.C.1 REQUIREMENTS AND RESPONSES

Item 1.C.1 OF NUREG-0737 states that the Office of Nuclear Reactor Regulation
has required licensees of operating plants, applicants for operating licenses,
and licensees of plants under constructic *o:

1) perform analyses of transients and accidents including multiple
failures

2) prepare emergency procedure guidelines

3) upgrade emergency procedures, including procedures for operating
with natural circulation conditions

4) conduct operator retraining

Part of the response to NUREG-0737 includes expanded analyses of transients
and accident: including multiple failures. Some of the analyses of transients
and accidenis which support the EPGs were performad per the requirements of
NUREG-0578 and are contained in CEN-128. Certain other technical items have
been analyzed in response to NRC requirements issued after NUREG-0660. More
recent technical developments and corresponding analyses are detailed in
section 1.7. The results of all these analyses have been used to respond to
the requirements set forth in NUREG-0737, Item [.C.1, which deal with emer-
gency procedure guideline development.

Figure 1-1 is a cross reference of issues originating in various NRC documents
and the corresponding responses.

The information presented in this report complies with those requirements in

[tem 1.C.1 associated with the development of emergency procedure guidelines.
The work was performed by C-E on behalf o the CEQG,
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. Figure 1-'

SUMMARY OF

ISSUES - REFERENCES - RESOLUTIONS

ISSUE REFERENCE

CEOG RESOLUTION

1. Range of Initiating Events

A. FSAR Events NUREG-0737
Item [.C.1
. B. Loss of Instrumentation NUREG-0Q737
Item I.C.1
C. Natural Phenomena September

15 NRC

letter
2. Justification for the NUREG-0737
Approach to EPG Item [.C.1

Development

1-5

CEN-152 Optimal Recovery
Guidelines provided for

LOCA, SGTR, LOFC, ESDE,

RT, LOF

Specific loss of instrun n-
tation busses procedures
developed on a piant specif-
ic basis.

Not explicitly addressed -
rationale discussed in CEN-

152 (Revision 01).

CEN-152 (Revision 01)
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Figure 1-1 (Cont'd)

SUMMARY OF

ISSUES - REFERENCES - RESOLUTIONS

ISSUE

REFERENCE

COEG RESOLUTION

Identification of Plant
Resources

Multipie and Consequential
Failure Considerations

Include Diagnostic Infor-
mation to Aid in Implemen-
tation of Correct Procedure
for Event in Progress

Use of Instrunientation to
[dentify Adequate Core
Cooling

Include Information for
Determining Adequacy of
Core Cooling

NUREG-0737
Item I.C.1

NUREG-0737
Item I.C.1

September
15 NRC
letter

NUREG-0737
Item II.F.2

September
15 NRC
letter

1-6

CEN-152 (Revision 01)
Resource Assessment Trees
are provided in Functional
Recovery Guideline and
alternative actions are
providec in Cptimal
Recovery Guidelines.

CEN-152 (Revision 01)
Guidance to deal with
multiple failures generated
through workshop process -
Reported in CEN=-152
(Revision 01).

CEN-152 (Revision 01)
Safety Function Statur Check-
Break Identification Charts-
Diagnostic Aids.

CEN-117, CEN-152

CEN-152 Safety Function
Status Check.
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Figure 1-1 (Cont'd)

SUMMARY OF
ISSUES - REFERENCES - RESOLUTIONS

ISSUE REFERENCE CEOG RESOLUTION

8. Ildentify Phenomena in
Guideline Supporting Analysis

A. Reactor Head Voiding due NUREG-0737 CEN-152 Guidance relative
to Rapid Cooldowns Item I.C.1 to void management is
provided in relevant
EPGs.
B. Steam Generator NUREG-0737 Response in CEOG letter
Stratification Item I.C.1 to NRC dated 1/30/81,

question 10.

C. Operator Errors Du.ing NUREG-0737 CEN-152 Safety Function
Long Term Cooling Item I.C.1 Status Checks and Func-
tional Recovery Guide-
Tine.
9. Include Information on September CEN-152 Implementation
Implementation of Guidelines 15 NRC section.
letter
10. Improve Guidelines to Clarify CSeptember CEN-152 Functional
and Emphasize Functional 15 NRC Recovery Guideline.
Recovery Side letter
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. Figura 1-1 (Cont'd)

SUMMARY 9*¢

ISSUES - REFERENCES - RESOLUTIONS

ISSUE REFERENCE CEOG RESOLUTION
11. Submit Description of NUREG-0737 CEN-152
Methodology Used to [tem I.C.1 CEN-156 (Revision 00)

Develop Guidelines

12. Analyses Supporting NUREG-0737 CEN-128, CEN-114, CEN-115
Guideline Development [tem I.C.1 CEN-117, CENPD-254, CEN-
. 154, CEN-189, CEN-199

13. Description of Applicability NUREG-0737 CEN-152 Implementation
of Generic Results to Plant Item [.C.1 section.
Specific Applications

14, Provide Guidance Addressing SER on CEN-152 (Revision 02)
the use of the Reactor CEN-152
Vessel Level Monitoring Revision 01

System (RVLMS)

15. SER Long Term Items SER on CEN-152 (Revision 02)
CEN-152 (selected long term issues).
Revision 01

16. Develop RCP Trip Strategy NUREG-0737 CEN-268
Item I1.K.3.5 CEN-152 (Revision 02)
and Generic Implementation guidance.
. Letters No.
83-10a and
83-10b
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1.4 EXPLANATION OF MAJOR TERMS

Provided in this section are some important terms useful to the understanding
of the overview presented in the next few sections.

1.4.1 Safety Functions

A safety function is any condition or action needed to either prevent core
damage or minimize radiation releases to the general public. If all safety
functions are fulfilled, the safety of the public is preserved.

1.4.2 Emengency Procedure Guidelines

Emergency procedure guidelines provide technical guidance for the development
of plant specific emergency operating procedures. These guidelines provide
the ictions necessary for mitigation of plant events that necessitate a
reactor trip.

1.4.3 Optimal Recovery Guidelines

Optimal recovery guidelines provide the technical basis for plant specific
emergency operating procedures which the operator would use to treat a speci-
fic set of symptoms. Optimal recovery guidelines are written to strategically
address a specific set of symptoms. Each set of symptoms usually corresponds
to a specific event or class of events (e.g. LOCA, SGTR) causing the transient
or accident.

1.4.4 Functional Recovery Guideline

The functional recovery guideline provides the technical basis for a plant
specific functional recovery emergency operating procedure which the operator
would use to verify the adequacy of all critical safety functions and to
restore and maintain those functions when degraded. A functional recovery
procedure (and the guideline on which it is based) is written in such a way
that the operator need not diagnose an event in order to establish and main-
tain a safe plant configuration.

1-9 CEN-152 Rev. 03 Sub 1



1252(83P10)/kms~10

1.4.5 Emengency Operating Procedures

Emergency operating procedures are a plant specific document based on emergen-
cy procedure guidelines containing all the steps needed tc take the plant from
the post--eactor trip state to a safe, stable condition. Emergency operating
procedure. use a specific format for clarity of procedural actions, control
room personiel interactions, and compatibility with the design of the control
room.,

1.4.6 VeniﬂicatLon

Verification is the process by which the technical information in emergency
procedures is demonstrated to be accurate and complete. Verification may
consist of technical analyses, workshops, or technical review. The outcome of
the verification process is emergency operating procedures which are techni-
cally sound and complate.

1.4.7 Validation

Validation is the process by which emergency operating procedures are demon-
strated to be useable by the operators. Validation is accomplished through
workshops, control room walkthroughs, or by exercising the emergency operating
procedures on simulators.

1-10 CEN-152 Rev. 03 Sub 1
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1.5 OVERVIEW OF EPG SYSTEM

The C-E Owners' Group effort to produce the C-E Emergency Procedure Guidelines
is the continuation of an intense effort initiated in 1979. A consistent goal
of the program has been to provide the best available technical information to
be used for writing plant specific emergency operating procedures. The
product, Combustion Engineering Emergency Procedure Guidelines (hereafter
referred to as EPGs), represents a balanced approach to providing operator
guidance. The first step in developing the EPGs was to evaluate existing
plant procedures and to evaluate current programs related to this subject.

Each plant already has an extensive network of procedures. Emergency Operat-
ing Procedures must be coordinated with these existing procedures. The
content and scope of the emergency operating procedures developed from EPGs
should be designed to interface with, but neither overlap nor duplicate, plant
procedures (other than the emergency procedures they are intended to replace).
The EPGs are designed to be used independently and cross referencing is
minimized. Cross referencing is appropriate only when the other guideline
entry conditions are achieved during the course of operation (e.g., when
Shutdown Cooling System entry conditions are established, then initiate it per
operating instructions). The EPGs do not cover information related to overall
operation of the power plant site during emergency conditions because that
subject is covered by the Site Emergency plan.

1.5.1 EPG Sustem Strwcture and Rationale

The EPGs are a collection of the best available technical information to be
used for writing emergency operating procedures. An understanding of what
constitutes an emergency is a prerequisite to deciding what information is to
be collected and in which format that information is to be arranged. For the
purpose of these EPGs, an emergency event is distinguished from other off-
normal plant operations by virtue of its severity; it is sufficiently severe
that a reactor trip is either activated or required immediately to properly
mitigate the event. Figure 1-2 depicts the distincticn Letween emergency
operating procedures based on these guidelines and other off-normal proce-
dures.

1-11 CEN-152 Rev., 03 Sub 1
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Emergency events can be divided into two kinds. For the first kind, the
operators can ascertain the general type of the event by recognizing its
correlated symptom set from control board indications and their knowledge of
the plant and recent operating history. For these events where an accurate
diagnosis can be made, it is highly desirable to provide mitigating guidance
which is selected and sequenced to strategically address that symptom set.
Since these types of events have been well analyzed and understood (e.g.,
LOCA, SGTR), it is possible to write the emergency procedure guidelines to
optimize the recovery (i.e., minimize release of radiation, minimize system
leakage, reduce risk of core damage, reduce post accident recovery time to
full power, etc.). For ease of use, these events have been grouped into
classes of events (e.g., large and small break LOCAs are covered by one
guideline). In the second kind of emergency, the operators are unable to
identify a recognizable symptom set for the disturbance. This may be due to
errors in symptom assessment by the operators, multiple, simultaneous failures
in the plant, the occurrence of an heretofore unanalyzed event or instrumenta-
tion failures which distort the symptom picture,

Emergency procedure guidelines must provide guidance for both kinds of emer-
gencies. Thus, when a reactor trip occurs or should occur, the operaters can
refer to guidance which will provide a safe response whether or not a symptom
set is identified. EPGs written to treat specific symptoms are called Optimal
Recovery Guidelines. The EPG which provides guidance for undiagnosed events
for which a reactor trip is required is c21led the Functional Recovery Guide-
lTine.

Figure 1-3 illustrates the system of EPGs. The Standard Post Trip Actions
section is the entry for the EPGs. It is performed following all reactor
trips (automatically or manually initiated). Its purpose is to evaluate the
status of each safety function and provide immediate actions which can be
quickly and easily performed to improve the status of functions in jeopardy.
Following the Standard Post Trip Actions, diagnostic actions are performed to
determine the symptom set corresponding to the type of event which is trans-
piring. Depending on the operators' ability to diagnose, they will then
select either an Optimal Recovervy Guideline or the Functional Recovery Guide-
line.

1-13 CEN-152 Rev, 03 Sub 1
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The design of any system of EPGs must recognize that eventually in the course
of an emergency it will become necessary for the operator to specify what re-
sources are available. This is so tecause the operators must know what
systems and equipment are available for use either in continued operation or
in taking the plant to cold conditions. A system of EPGs must also recognize
the possibility of a misdiagnosis by the operators and make provisions for
detecting and recovering from such misdiagnoses. If the operators have
selected the FRG because they cannct diagnose, the FRG provides action steps
to bring the plant to a safe, stable condition followed by a diagnosis section
which permits the operator to systematically determine what has happened, what
resources are available and which optimal recovery guideline (if any) is best
suited to managing the emergency. At this point, transfer to an optimal
recovery guideline (ORG) is recommended. Naturally, the operators would start
at the beginning of any ORG implemented to ensure all the relevant actions
have been or are taken.

Each ORG contains a section which requires the operator to confirm the diag-
nosis and continually review the status of safety functions by use of the
safety function status check. If the diagnosis is not confirmed or if the
safety function criteria are not met, the operators then implement the FRG.
Thus, if the symptoms are not responding to treatment as anticipated or if the
core is not being adequately cooled, the ORG is exited and the Functiona)
Recovery Guideline is implemented.

Natural phenomena and other disasters are implicitly addressed in this system

since all the possible consequences of such a phenomenon (e.g. break in RCS

pressure boundary, loss of vital auxiliaries) which affect the NSSS are
addressed explicitly. Even if such a phenomenon results in multiple, major
consequences, the FRG would provide systematic guidance for managing such a
casualty. Therefore, since it is not possible to predict in advance what the
consequences to the NSSS would be of a tornado or an aircraft crash, and since
all possible consequences are covered by the EPGs, these phenomena need not be
explicitly addressed. Plant specific procedures exist for managing non-NSSS
systems and equipment in the event of certain natural phenomena or man-made
disasters.

CEN-152 Rev. 03 Sub 1




1252(83P10)/kms-16

The CEN-152 guidelines are designed as the basis for emergency operating
procedures which provide guidance for operating the NSSS to mitigate emergency
events. Where possible and necessary, guidance is provided for operating
equipment which is closely associated with but not part of the NSSS (e.g., the
turbine generator). This delimiting of scope is in recognition of the network
of procedures existing at each plant which deals with non-NSSS systems and
equipment (i.e. balance of plant). The guidelines are generally written in a
narrative format and do not go into greater detail than system level informa-
tion. This preserves their generic nature and permits each utility to write
emergency operating procedures from the EPGs in a format which is most useful
to them.

Guidance for the management of degraded core conditions is not included in
these guidelines because there is an insufficient analytical base for this
guidance. This issue is the subject of an ongoing industry effort and the
results cf that effort will be included at the discretion of the CEOG.

1.5.2 Sagety Functions

1.5.2.1 The Concept of Safety Functions

The concept of safety functions introduces a systematic approach to plant
operations based on & hierarchy of protective actions. The protective actions
are directed at mitigating the consequences of an event and, once fulfilled,
ensure proper cortrol of the event which is occurring. A safety function is
defined as a condition or action that prevents core damage or minimizes
radiation release to the public. A complete set of safety functions needs to
be fulfilled to ensure proper operator control of the event and public safety.
The actions which ensure fulfillment of a safety function may result from
automatic or manual actuations of systems, from passive system performance,
from natural feedback inherent in the plant design, or when the operator
follows guidance established in an event recovery guideline. To accomplish
safety functions, the operator does not have to know what event has occurred.
He/she does need to know what safety functions need to be accomplished, how to
accomplish the safety functions and what criteria show the safety function is
being accomplished.

1-16 CEN-152 Rev. 03 Sub 1
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A1l safety functions are directed at mitigating an event and containing and/or
controlling radicactivity releases. These safety functions can be grouped
into four major classes as follows:

anti-core melt safety functions

containment integrity safety functions

indirect radioactive release safety function

maintenance of vital auxiliaries needed to support the other safety
functions

The anti-core melt safety function class contairs five safety functions:

reactivity control

RCS inventory control

RCS pressure control

core heat removal

reactor coolant system heat removal

The purpose of the first anti-core melt safety function, reactivity control,
is to shut the reactor down and keep it shut down, thereby reducing the amount
of heat generated in the core. The purpose of reactor coolant system (RCS)
pressure and inventory control is to keep the core covered with an effective
coolant medium. RCS pressure and inventory cont~ol are interdependent in a
PWR design. That is, actions taken to effect inventory control will affect
pressure control and vice versa. The purpose of the fourth anti-core melt
safety function, core heat removal, is to remove the decay heat generated in
the core and transfer it to a location where it can be removed from the RCS.
The final anti-core melt safety function is RCS heat removal. The purpose of
this safety function is to transfer heat from the primary system co.lant to
another heat sink.

The containment integrity safety function class contains three safety func-
tions:

CEN-152 Rev. 03 Sub 1
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1. containment isolation
2. containment temperature and pressure control
3. containment combustible gas control

The primary objective of these safety functions is to prevent major radioac-
tive release from the containment by maintaining the integrity of the contain-
ment structure. Accomplishing the first safety function, containment isola-
tion, assists in maintaining containment integrity by ensuring that all normal
containment penetrations not required for accicent mitigation are closed off
when necessary. The purpose of the containment temperature and pressure
control safety function is to prevent overstressing the containment structure
and to prevent damage tc other equipment in the containment resulting from a
hostile environment. The purpose of the combustible gas control is to prevent
containment overstress caused by explosion of hydrogen gas inside containment.

The third safety function class has one safety function associated with it:
indirect radioactive release. The purpose of indirect radioactive release
control is to prevent radioactive releases to the environment (gaseous, solid,
and liquid, including radioactive coolant) from sources outside containment.
These sources include the spent fuel pool and the radiocactive waste handling
and storage facilities. The systems used to control releases from these
sources include the radiation monitoring system, the spent fuel pool cooling
system, and the waste management and processing systems. In mitigating the
types of emergencies for which CEN-152 provides guidance, the indirect radio-
active release safety function does not come into play. Consequently, opera-
tor actions necessary for control of the indirect radioactive release safety
function are not found in CEN-152,

The fourth safety function class likewise includes only one safety function:
maintenance of vital auxiliaries. The systems used to accomplish the eight
other safety functions addressed in CEN-152 are all supported by the mainte-
nance of vital auxiliaries safety function. In general, support systems
provide service such as instrument air needed for opening and closing valves,
electric power for valve operation, pump motors, and operating instruments,

1-18 CEN-152 Rev. 03 Sub 1
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and an ultimate heat sink to which RCS and core heat can be transferred. Of
greatest impact to the operator actions associated with CEN-152 is vital AC
and DC power. AC and DC power must be maintained in order to successfully
accomplish the other safety functions in a straightforward manner.

1.5.2.2  Safety Function Hierarchy

The safety function concept incorporates a principle of safety function
hierarchy. Some safety functions have precedence over others as far as their
sequence of implementation during an event. Figure 1-4 summarizes the
hierarchy of safety functions as standardized in the CEN-152 guidance.

Reactivity control is the most important since it responds most quickly to
changes in plant conditions. Similarly, RCS inventory control must be satis-
fied before core heat removal can be effected (i.e., there must be a medium to
remove heat) and, in general, loss of inventory can occu~ within a shorter
time frame than that required for core heat removal. This hierarchy concept
is important in the design of systems used to fulfill each function and has
also been employed in developing emergency guidance.

A1l the guidelines identify, for the particular plant state, each of the 9
safety functions (in the hierarchy of Figure 1-4) and criteria which reflects
accomplishment of each of the safety functions. The safety functions are
provided as a complete set so the operator can monitor the plant to verify
that the ultimate goal, the health and safety of the public, is provided.
Application of the concept of safety functions in a restructured format is
acceptable as long as: (1) the representation contains actions and criteria
necessary to control and fulfill the nine (9) individual safety functions;
(2) it is consistent with the safety function hierarchy of CEN-152; and

(3) the ultimate goal of preserving the health and safety of the public is
ensured. Figure 1-5 shows various arrangements of the safety functions, with
each level representing another way in which the ultimate goal is supported.
Further evaluation of each level reveals that the safety function set which
comprises the particular level is a representation of all the actions necess-
ary to provide for public health and safety during an emergency event. In
other words, a subset consisting of a rearrangement or combination of safety
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FIGURE 1-4
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CONTAINMENT TEMPERATURE AND PRESSURE CONTROL

COMBUSTIBLE GAS CONTROL
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functions can achieve the same goal as the set which contains each safety
function individually. This is especially true if the subset or rearrangement
is enhanced by use of a particular control room operator aid, such as the
CFMS, SPDS, etc.

Because safety functions are a complete set of actions or conditions which
will provide public safety, they form the foundation of all emergency guid-
ance. In the Optimal Recovery Guidelines (ORGs), specific events such as LOCA
or Excess Steam Demand Event (ESDE) are addressed. Because each event affects
diverse parts of the plant, proper mitigation of different events will empha-
size different safety functions. For example, in a major LOCA, RCS pressure
and inventory control are the two safety functions of immediate concern.
Therefore, the operator actions are sequenced to achieve control of these two
functions first using equipment designed for that purpose. Nonetheless, since
all safety functions must be fulfilled to provide public safety, each ORG
addresses all the safety functions. In preparing emergency procedure guide-
lines, the nine safety functions are used to audit the guidance to ensure that
sufficient action steps to cover all relevant safety functions exist. Each
ORG also includes a safety function status check chart which is used by the
operator to continually determine whether the safety functions are being
adequately fulfilled during the course of the event.

The Functional Recovery Guideline (FRG) is used by the operator when a diag-
nosis is not possible, when the Optimal Recovery Guideline is no' adequate (as
Jjudged by the safety function status check in each ORG) or when the quideline
in use is inappropriate. The FRG's structure includes an expanded version of
the safety function status check which is used by the operator to continually
check the status of each safety function. For those functions which are found
to be in jeopardy, possible success paths are provided along with directions
for implementing each and criteria by which successful safety functicns
restoration is judged. For this guideline the safety functions actually form
the main structure of the guideline.

1-21 CEN-152 Rev, 03 Sub 1



22=1

1)

2ST=N

‘A9

)

”
.

£

,.
b

qn

FIGURE

1-5

SAFETY FUNCTION CLASSIFICATIONS

GOAL PUBLIC HEALTH & SAFETY
LEVELY [ I
ANTI CORE MELT MAINTENANCE
CONTROL CONTAINMENT OF VITAL
INDIRECT RADIO-
couvaeL ACTIVE RELEASE | AUXILIARIES
REACTIVITY A I
CONTROL REACTOR CODLANT r
CONTROL AT REMOVA MAINTENANCE
LEVEL2 " s CONTAINMENT CONTAINMENT OF VITAL
ISOLATION “.”".‘,m s f— AUXILIARIES
REACTIVITY oos | NVENTORY
CONTROL " comTAoL  pesppessune T
LEVEL D cONTROL  CORE HEAT MAINTENANCE
REMOVAL  RCS HEAT OF VITAL
REMOVAL e —— AUXILIARIES
CONTAINMENT COMTAINMENT
ISOLATION TEMPERATURE COMBUSTIBLE
& PRESSURE  GAS |:mmm_4 J_
REACTIVITY )
CONTROL gpes iNVENTORY
LEVEL 4 CONTRO!  Acs PRESSURE copp wear MAINTENAXCE
CONTROL ) OF VITAL
REMOVAL  mcsueat AUXILIARIES
REMOVAL coNTAINMENT
ISOLATION  CONTAINMENT
TEMPERATURE COMBUSTIBLE
& PRESSURE  GAS INDIRECT RADIC

CONTAOL __ ACTIGE RELEASE _



1252(83P10)/kms-23

1.5.2.3 Success Paths

Nuclear power plants are designed such that each safety function has multiple
means of fulfillment. In other words, there exists for each function more
than one system or way to fulfill a safety function. Each is called a success
path. For example, reactivity control can be achieved by inserting control
rods or by increasing RCS boron concentration, With respect to the latter,
Lhere are several methods of in:reasing RCS boron concentration. It is
important that the operator be aware of the various success paths associated
with each safety function,

During any emergency event, the operator nee<s information on plant state.
This monitoring of plant state leads to identification of the safety functions
in jeopardy and to identification of systems available to accomplich the
safety functions. The CEN-152 emergency guidance clearly indicates the
alternate ways of performing each function by providing success path oriented
guidance.
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1.6 PRINCIPLES OF EPG DEVELOPMENT

In the course of the development of the guidelines, certain principles were
developed and adhered to, to ensure that the final products conformed to
generally acknowledged rules for operational guidance, and to ensure that the
rationale for the overall EPG system was preserved throughout. The following
three sections describe and explain these principles.

1.6.1 Principles o4 Standard Post Trip Actions

The purpose of the Standard Post Trip Actions is to provide the entry point
for all EPGs. That is, an emergency is defined as any off-normal event which
actuates or requires a reactor trip (RT) to properly mitigate the event. This
definition is consistent with tnhe NUREG 0899 definition and with industry
operating practice. Therefore, this emergency procedure guideline contains as
its first operator action a check of safety functions against acceptance
criteria, followed by standard acticns and alternative actions which can be
taken easily and quickly to restore those functions in jeopardy. The Standard
Post Trip Actions actually serve three purposes:

1) All relevant safety functions are checked against acceptance criter-
ia to give the operator a complete status as regards plant safety.
The criteria are chosen to be easily accessible from the control
boards and to require no interpretation or interpolation by the
operator.

2) The check of safety functions provides the operator with objective
decision criteria as to whether action is required in the short term
to restore plant safety. This permits crisp, reliable decision
making and precludes unnecessary operator action,

3) As further explained below, the status check discriminates between
an uncomplicated reactor trip (e.g., one caused by technician error)
and other more complex events. The safety function criteria are
chosen to be consistent with the plant conditions which would
prevail only in the short term after a simple and uncomplicated
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reactor trip. Thus, if there are other failures which require
attention, the criteria in the status check will not be satisfied,
signaling that more than a simple RT has occurred.

The Standard Post Trip Actions are presented in a format chosen for ease of
presentation and understanding. The relationship of function to criteria to
actions is immediately apparent. The safety function assessment and accomp-
anying immediate actions are prioritized according to two factors. The first
factor is the importance to safety in terms of the consequences of not ful-
filling that function and in terms of the time associated with that function.
Thus, reactivity control is of first priority since shutting down the reactor
is foremost in importance to safety and reactivity responds very quickly. The
second factor in prioritizing relates to the natural order of steps in the
control room. Since turbine trip and reactor trip are generally interlocked
and since a turbine trip quickly results in automatic rearrangement of the
electrical distribution system, and also since electrical power is a prerequis-
ite to almost all other actions, it is important to check the status of
electric power early in the sequence of actions. This has been confirmed in
workshops, simulator experiments, and operator interviews.

Tt should be stressed that the Standard Post Trip Actions (SPTAs) EPG contains
the only immediate actions in the entire system of EPGs. The purposes for
this are to acknowledge the standard post trip actions which are performed by
operators following any reactor trip, and to standardize a safety function
approach to any event which causes a reactor trip. The latter is most import-
ant since the entire EPG system is designed to institute a functional approach
to casualty management. The SPTAs clearly reflect this intent.

Additional principles which were adhered to during the development of the SPTA
EPG are as follows:

) The statements should be clear and concise to facilitate memoriza-
tion by the operator.
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2. The stateuents should be prioritized.
3. Multiple action statements should be avoided.

4. Conditional acticn statements should be clearly identified with the
contingencies spelled out.

5. Cross referencing to other guidelines should be avoided.

The level of detail in the Standard Post Trip Actions guideline is consistent
with the other EPGs and with the intent of providing generic guidelines. The
level of technical information extends to the system level only. Action
statements are sufficiently detailed to indicate the system(s) to be used,
including any important supporting systems but do not provide detailed, step
by step guidance for starting or stopping systems or components.

1.6.2 Principles o4 Optimal Recovery Guidelines

1.6.2.1 Optimal Recovery Guideline Structure

Optimal Recovery Guidelines (ORG) are those guidelines written to address
specific symptom sets. In order to minimize the number of guidelines, and
thereby avoid operator confusion, those events which are difficult to distin-
guish from each cther in the short term (e.g., inadvertently opened atmos-
pheric steam dump valve and steam line break) or which have similar effects on
the NSSS over time are grouped into classes of events. The classes of events
considered are:

1) Reactor Trip (RT)

2) Loss of Coolant Accicent (LOCA)

3) Steam Generator Tube Rupture (SGTR)
4) Excess Steam Demand Event (ESDE)

5) Loss of Feedwater (LOF)

6) Loss of Forced Circulation (LOFC)
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Each ORG consists of the following sections:

a)
b)
c)
d)
e)
f)

Purpose

Entry Conditions

Operator Actions
Supplementary Information
Safety Function Status Check
Bases

PURPOSE

The purpose section provides a brief statement of the condition(s) for which
the subject guideline is intended to be used.

ENTRY CONDITIONS

Entry conditions are chosen to reflect those conditions which are most likely
to exist following the trip and which reflect the trends which may exist for
some time into the event.

The entry conditions section contains parameters and indications which an
operator is expected to utilize in identifying and confirming the event.
These conditions were written with the following points in mind:

Priority should be given to conditions which appear first during the
initial phases of an event or which are most important with respect
to associated consequences.

Indications listed should be readily available to the operator. For
example, pressurizer level is used instead of RCS inventory since
pressurizer level can be read directly and RCS inventory must be
derived,

If several indications are available for the same symptom, the best
indication should be selected and used.
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EXIT CONDITIONS

Exit conditions are written to explicitly identify the conditions which must
exist before the operators leave the procedure. In general terms, the
procedure should be exited if either: 1) an inappropriate procedure has been
implemented, or, 2) the procedure has met its goals.

An inappropriate procedure may have been impiemented if the event has been
misdiagnosed. A misdiagnosis should be identified by using the break
identification chart or other available indications. In this case, the
operators should leave the procedure and implement the appropriate CRG or the
FRG. It is also possible that the event was correctly diagnosed, but
additional failures beyond the scope of the ORG have also occurred. This
should be identified by a failure to meet one or more of the safety function
status check acceptance criteria. In this case, the opertors should leave the
procedure and implement the functiona' recovery.

The operators should also leave the procedure once the goals of the procedure
have been met. This means tnat the event has been mitigated and the plant is
stable in some mode which allows the use of another procedure. In most cases,
this will be a (non-emergency) operating procedure such as cold shutdown or
hot standby. In some cases, plant conditions may require that the operating
procedure be modified. These modifications should be provided by the [Plant
Techncial Support Center or Plant Operations Review Committee] before leaving
the emergency procedure.

OPERATOR ACTIONS

The operator actions provide the operator with event specific guidance start-
ing at the point at which the Standard Post Trip Actions leave off. Operator
actions also tend to contain more explanation and cover a greater range of
possible failures and alternative actions. Thus, operator actions for a
particular event diverge from those for other events. The purpose of the
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operator actions is to provide steps which would place the plant in a stable
condition, permit problems to be corrected, and allow recovery operations to
commence. Depending on the event, the final plant condition could be hot
standby, hot shutdown, or cold shutdown.

In appropriate places, the primary success path plus any alternative success
paths for accomplishing the intended function are included in the operator
action steps. Where more than one success path is provided, the order of
preference is indicated.

The operator actions section consists of those actions required to place the
plant in a configuration from which either recovery can be accomplished or a
long-term shutdown can be achieved. This section was written with the follow-
ing points in mind:

The statements should be clear and concise to avoid confusion.
The statements should be prioritized.

Multiple action statements should be avoided.

Conditional action statements should be clearly identified with
contingency actions specified.

If more than one equally acceptable action sequence exists, the
simpler one is preferred.

Cross referencing to other procedures should be avoided.

Action statements are provided in a narrative form to permit the
utility to implement in plant specific procedures the most useful
format.

Action statement content should be limited to system level informa-
tion. This is consistent with the intent of providing generic

guidance and is sufficient to ensure accurate implementation in
plant specific procedures.

The completion of operator actions must result in a plant condition
which allows recovery operations to commence (return to operation,
repair, clean-up, etc.).

Alternative success path actions should be provided.
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Generous use of charts and diagrams is made for the EPGs. Charts and diagrams
quickly and accurately deliver a large amount of technical information without
the need to read long explanatory narratives. Charts and diagrams in their
plant specific form are intended to be implemented in plant specific proce-
dures as appropriate.

Charts and diagrams were developed with the following points in mind:

Each figure or table or chart will have a title.

Axes on graphs should be clearly labeled.

Explanatory notes on graphs and figures should be kept to a minimum.
In general, a left to right, top to bottom flow is followed.

Figures and graphs should be uncluttered and legible.

The purpose or intention of the graph or figure should be immediate-
ly apparent to trained personnel,

7. Units of measurements should be clear.

O B W N e

SAFETY FUNCTION STATUS CHECK

Fach Optimal Recovery Guideline (ORG) has its own safety function status check
(SFSC) which must be used whenever an ORG is in use. The purpose of the SFSC
fs to continually verify the adequacy of safety functions. This is accomp-
lished by comparing control board indications to safety function acceptance
criteria tailored for each class of event. By satisfying the SFSC acceptance
criteria, the operating staff is assured that the actions being taken are
maintaining the plant in a safe condition. On the other hand, if SFSC criter-
ia are not satisfied, the operators are promptly alerted to the situation. In
this case the operators will take corrective actions to satisfy the safety
functions, implement another ORG, or exit to the Functional Recovery Guide-
line. The SFSC is designed to be used by the Shift Supervisor, Shift Tech-
nical Advisor, or other person available to provide an independent assessment
of the status of safety functions.
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BASES
Each guideline contains a bases section. The bases section is a dialogue
between the guideline preparer and the procedure writer. It is not intended
that the bases appear in the detailed, plant specific EOP but rather that it
be used in preparing EOPs and in operator training. The guideline preparer
can draw upon a large amount of information on the event including plant data,
Ti. 1sing analysis, realistic transient analysis, incident reports, sequence
of events diagrams, and operating experience. The bases presents a condensed
form of this information for the procedure writer and the operators. There is
sufficient detail in the explanations without burdening the operators with
specific analytical data.

The bases section provides technical information that increases the operators'
ability to identify the event, understand the plant response to an event, and
understand th. corrective actions he or she is expected to take. The follow-
ing points are addressed in the bases section:

A brief overview of the event is presented,

The general characteristics and possible causes of the event are
discussed.

The potential effect of the event on the reactor, plant equipment,
and the environment is nnted.

The bases section includes a detailed discussion of the range and

trend of plant responses to an event or class of events. The
following 1ist contains examples of the significant plant parameters
that are considered:

Reactor Power

RCS Temperature
Pressurizer Pressure
Pressurizer Level
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1.6.2.2

Steam Generator Level
Steam Generator Pressure
Reactor Vessel Inventory

Trending of key parameters that can be used to classify the event
and determine its severity is explained. These are parameters (such
as those listed in 4 above) which operators frequently evaluate
during an event.

The bases section describes the objective of the recovery actions
(automatic and manual) taken in response to the event, and why these
actions are taken (e.g. which safety function is being dealt with).
To this end the bases section corresponds step by step to the
guideline steps.

The immediate and long range goals of the actions (i.e., strategy)
of each guideline are explained. Each bases section contains a set
of strategy charts which pictorialize the sequence of guideline
goals for that event and which identify the steps that correspond to
the strategy goals.

Preferred and alternate success paths to accomplish essential
functions are included.

The basis for the safety function status check (including the cri-
teria chosen for each function) is explained.

Use of ORGs

ORGs are used to treat specific symptom sets which have occurred following a
reactor trip and which are identifiable or diagnosable by the operators. Each
ORG is designed to accommodate minor concurrent failures which do not present
major complications (e.g., failure of the automatic pressurizer level control

system),
reached.

The Standard Post Trip Actions are performed before an ORG is
[f a specific symptom set can be identified, the operators will then
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select the appropriate ORG and implement the recovery actions. The goal of
the recovery actions is to place the plant in a safe, stable condition either
in a position to return to power operations or to cool the plant down in order
that repairs can be made.

The emphasis in the Optimal Recovery Guideline section is on treatment of a
set of symptoms according to an optimal strategy, as contrasted to treatment
of a specific event, One of the first recovery actions will be to assess the
safety functions against specific criteria using the safety function status
check. This serves a dual purpose. First, it is a check to verify that all
relevant safety functions are being fulfilled as anticipated in best estimate
analysis and by engineering judgement. Second, it provides a check on diag-
nostic accuracy. This essential feature provides a correction process. If
the treatment in use is adequately treating the symptoms, then the treatment
is continued. If the treatment is inadequate, either because new information
(symptoms) appears that is not covered in the guideline, or because the
observed symptoms are not properly responding, each ORG has a step which
requires the operators to exit the ORG and implement the FRG. The checking
process using the safety function status check continues as long as the
guideline is in use. This is the way the EPG system manages multiple, signi-
ficant failures, or misdiagnosed or undiagnosable symptom sets. The FRG is
designed to provide guidance for managing any event which results in or
requires a reactor trip.

Operator actions are selected and sequenced to address all relevant safety
functions in their order of importance to treating that symptom picture.

Where appropriate, alternate success path actions are included for use when
primary success paths have been unsuccessful. Each ORG has two types of
strategy charts included in the bases section which pictorially depict the
intended ctrategy for managing the event. One chart indicates the fundamental
strategy being applied for event recovery and the second is a more detailed
chart which correlates the guideline steps to each strategy element,
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1.6.3 Principles of the Functionad Recovery Guideline

1.6.3.1 Functional Recovery Guideline Structure

The functional recovery guideline (FRG) is the EPG used to combat off-normal
symptom pictures which result in a reactor trip and which cannot be quickly or
easily diagnosed by the operators. It may also be used to mitigate symptoms
for which the operators have initially selected an ORG but subsequently
discovered that they had misdiagnosed or that the ORG was not adequately
treating symptoms as anticipated.

The FRG consists of the following sections:

a) Safety Function Status Check
b) Resource Assessment Trees

c) Operator Action Guidelines
d) Long Term Actions

e) Bases

SAFETY FUNCTION STATUS CHECK

The safety function status check is the entry point for the FRG. It is used
to assess the status of each safety function. The safety function status
check is structured to facilitate the selection of appropriate operator
actions which will restore those functions in jeopardy. Since safety func-
tions are a complete set of the actions or conditions which will provide for
plant and public safety, an EPG which maintains or achieves all of the func-
tions is an effective vehicle for preserving plant safety. Therefore, the FRG
is oriented to detecting out of specification safety functions and providing
multiple recovery actions to restore those functions.

The safety function status check 1ists the safety functions which must be
checked in an emergency. This list differs slightly from that in section
1.5.2. RCS heat removal and core heat removal are combined in this assessment
chart because the success paths used to achieve these two functions are the
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same., Also, since the criteria and resource tree actions associated with each
of these success paths are identical for both function, it makes sense to
combine the functions to eliminate the redundacy of listing each separately.

RCS inventory control and RCS pressure control reflect the twe possible trends
of the parameters and the different success paths and acceptance criteria
associated with each (high and low conditions).

The safety function status check lists the success paths associated with each
function. These are the success paths common to C-E plants which can be
fdentified at the generic EPG level. Listing the success paths permits the
operator to select the safety function criteria appropriate to the success
path in use. For any given function, the appropriate criteria to use are
those associated with the lowest success path on the list which is in use.
After having performed the Standard Post Trip Actions and having attempted to
diagnose the plant condition, the operator will be generally aware of what
equipment ‘s running and, therefore, which success paths are in use. If not,
the chart will assist in surveying the plant status. For completeness, all
success paths are listed for each function. This feature requires that there
be some redundancy between the Standard Post Trip Actions and the functional
guideline. Nevertheless, the Functional Recovery Guidelire must provide all
the resources available to the operator in order to give the operator the
widest latitude. Furthermore, because some of the success paths and their
methcds of use may be plant specific, a somewhat redundant Ticting will permit
utilities to arrange this information in a fashion most suitable to them in
their plant specific emergency operating procedures., Success paths ar2 shown
on each resource assessment tree in left to right orientation with those paths
on the left corresponding to plant conditions which would result from an
uncompiicarted reactor trip. Moving to the right the paths correspond to
prograssively more degraded plant conditions. The path having the highest
priority for implementation are those which correspond to the current plant
conditions (e.3., the safety injection system (SIS) success path on inventory
control is used to manage inventory in a LOCA).
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‘ Also contained in the safety function status check are the acceptance criteria
for each function. The acceptance criteria are organized such that each
success path has its respective criteria next to it. The criteria are select-
ed to define minimum acceptable system conditions, for that success path.
Thus, the combination of the acceptance criteria for all the safety functions
of those success paths in use (i.e., the current plant lineup) defines an
acceptable plant state.

Each safety function listed in the safety function status check also contains
reference to its respective resource assessment tree. Resource assessment
trees provide a pictorial representation of all the plant resources available
(at a generic level) for satisfying that safety function. These trees are
utilized if the corresponding safety function does not meet its success
criteria.

The safety function status check in the FRG is not only the entry point for
the FRG, it is also used to continually verify the adequacy of safety func-
. tions. This review is accomplished anytime the FRG is in use.

While each ORG has its own safety function status check which must be used
whenever the ORG is in use, the FRG safety function status check could also be
used by a shift supervisor, shift technical advisor or comparable person
during any event as a backup means of verifying the adequacy of safety func-
tions.
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RESOURCE ASSESSMENT TREES

Resource assessment trees are pictorial representations of the generic re-
sources available to fulfill each safety function. The trees are intended to
assist the operator in evaluating plant resources available to fulfill jeop-
ardized safety functions. A pictorial representation was chosen for the EPG
resource trees because of its simplicity and clarity (and also for its compat-
ibility with CRT display). It relies minimally on reading and verbal compre-
hension and serves as a quick method to jog the operator's memory regarding
the systems and components used to fulfill each function. The cdetailed and
overall knowledge of these systems and components and their proper operation
is already available to the operator from training and experience.

Each 1imb of a tree starts at the top with the name of the function, then
(working down) the name of the success path (mode), then the plant conditions
and equipment used in that path (conditions, source, motive, power), then the
success criteria for that path, and finally, the number of the recovery
guideline associated with that path.

In constructing these trees, a number of principles were generally observed to
obtain a uniform and useful tree:

1. Each success path identified on the tree had to be generic and be
capable of independently satisfying that safety function. This is
not to say that each path must be used independently of other paths
or chat it must be ab'e to satisfy the function under all plant
conditions. It merely must be able to satisfy the function indepen-
dently under some p.ant conditions.

2. ATl the safety functions are assessed before any other actions are
taken. If it is found that the primary or first success path is
adequately maintaining control of each of the safety functions (in
other words, the criteria are being met), then the operator may exit
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the functional recovery guideline and implement the reactor trip
recovery guideline. This is true because the criteria for those
success paths bound the expected parameters for an tncomplicated
trip.

3. The resource assessment trees provided are structured to show the
intended priority (left to right) of implementation of success
paths. Note that more than one success path may be employed for
each safety function in order to satisfy the acceptance criteria of
the last path (to the right) in use. Also note that the path with
the highest pricrity is the path which corresponds to current plant
conditions (e.g., the SIS is designed to manage inventory control
problems resulting from a LOCA). Those associated with progress-
ively more degraded plant conditions are arranged from left *o
right. The path which should be used is the one which corresponds
to the current plant conditions and which can (either alone or in
combination with other paths) maintain the function.

4. Two rules were used to order the components/conditions from top to
bottom in each path. The first priority rule is to arrange compon-
ents according to the usual flow path in the plant since this is
most familiar and logical. The second rule was to attempt to place
the most restrictive component, or RCS conditions or limits, towards
the top of the Timb. In this way, if the RCS or equipment did not
meet this condition, it would spare the operator from reviewing the
rest of the limb fer availability.

5. The limbs are not intended to be detailed representations of plant
systems. They are intended only to serve as an aid to the operator
in determining the availability of resources. The limits shown
inside each component are intended to provide only the most essen-
tial, minimum requirements for path availability. All limits can
be read directly (without interpretation) from control board indi-
cations in the control room.
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6. Based on engineering judgement, the minimum amount of information
was included for each 1imb which would assure path availability.
That is, if the minimum requirements expressed by the limits in the
Timb were met, then there is a reasonably high probability that the
path will be available. It would be unlikely, therefore, that the
operator would get to the recovery action guideline associated with
the 1imb only to discover that the path was not available. In
practice, by the time the operator begins to implement the function-
al yuideline, he/she is largely aware of which systems and compon-
ents are available.

7. The symbols for components use standard size and shape coding
developed by C-E for use on CRT displays.

8. The success criteria that appear at the bottom of each limb are the
same criteria which appear on the FRG safety function status chart.
Therefore, if the criteria for any given limb are met, then the
corresponding function is fulfilled.

When this success path information is implemented in plant specific emergency
operating procedures, utilities will have the flexibility of changing this
pictorial format to some other format. What is necessary is that each utility
provide equivalent information in some usable format.

RECOVERY GUIDELINES

Each 1imb in each resource assessment tree has a corresponding recovery
guideline which provides guidance on the implementation of that success path.
Because different success paths may utilize the same equipment, more than one
success path may reference the same guideline. The guidelines are numbered
according to the function they serve. For example, HR-2 is the second recov-
ery guideline associated with heat removal.
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Each recovery guideline has the following structure:

Name and number of the guideline

The recovery action steps for that path

The succ~ss criteria for that path
Supplementary information for use of that path

I T o

It is important in using the FRG that the succes:s path recovery guidelines be
used since the supplementary information associated with each path provide the
restrictions associated with that path. That is, the supplementary informa-
tion alerts the operator to possible misuse of a path or to a condition which
may lead to a defeat of that path. This supplementary information is not
contained elsewhere in the FRG,

LONG TERM ACTIONS

The long term actions section of the FRG is designed to ensure that the
operator continues to periodically verify the adequate maintenance of safety
functions, assesses the status of the plant, implements the appropriate ORG if
conditions warrant, and determines the necessity, feasibility, and/or urgency
to perform a cooldown to cold shutdown conditions.

BASES

The bases section for the FRG serves the same purpose as the bases section for
optimal recovery guidelines (ORG) discussed in section 1.6.2 and follows
similar format and content ground rules. The bases describe in detail the
rationale for each step or portion of the FRG.

1.6.3.2 Use of the Functional Recovery Guideline (FRG)

The following gives a brief description of the intended use of the FRG once it
is implemented in a plant specific procedure.
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The Standard Post Trip Actions (SPTA) would always be completed prior to entry
into the FRG. The FRG may be entered directly after completion of the SPTAs
if a diagnosis is not possible. The FRG might also be entered from an ORG if
an ORG had been initially selected by the operator but was subsequently found
to be inadequate. The safety function status check in each ORG is used to
Judge this adequacy. If the safety function criteria are not satisfied at any
time, then the operator is directed to use the FRG.

The entry point for the FRG is the safety function status check. The operator

reviews the status of all safety functions first by checking control board

indications against the acceptance criteria for the success paths in use. For
each safety function, the acceptance criteria for the highest numbered success
path in use are the appropriate criteria to use. For example, if RCS inven-
tory control is the safety function in question and success paths [C-1 (CVCS)
and IC-2 (SIS) are both currently in use, the acceptance criteria for success
path IC-2 must be satisfied. This would continue to de true until the SIS was
secured and the CVCS was the sole success path in use. The operator notes

. which safety functions do not meet their appropriate acceptance criteria.
These safety functions are in jeopardy. Nete that the acceptance criteria for
the first success path for each safety function generally correspond to the
symptoms of an uncomplicated reactor trip.

Then, beginning with the firsi safety function which is in jeopardy, the
operator reviews the resource assessment tree to ascertain the availability of
resources. Working from left to right on the tree the operator reviews each
path to determine its availability and whether or not it is already operating.

If it is operating, the operator checks the acceptance criteria to see if the
safety function is now being satisfied. If the safety function is satisfied,
the operator goes on to the next safety function in jeopardy. I[f the success
path was not operating but is available (as indicated by meeting the component
or condition limits noted on each path), the operator implements the recovery
guideline referenced for that nath. If the acceptance criteria associated
with that path are now satisfied, the operator goes on to the next safety
function in jeopardy. If the acceptance criteria are not sa:isfied, the
operator goes to the next success path to the right on the tree and continues
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implementing paths until the safety function is satisfied. Note that it is
possible and desirable in many cases, to use more than one success path at a
time. Even if more than one path is in use, the acceptance criteria by which
the fulfiliment of the safety function is judged are those for the highest
numbered path in use.

[f all the success paths on a resource assessment tree have been implemented
and none of their respective acceptance criteria are met, then each resource
tree has a caution which requires the operator to refer to the "Continuing
Actions" section. The operator is required to continue to work on this safety
function and to pursue other jeopardized safety functions simultaneously.

Once all safety functions have been satisfied, the operatcr goes to the Long
Term Actions to attempt to evaluate plant status, determine a diagnosis and
decide on future actions.

Concurrently with taking steps to restore jeopardized safety functions and
after all safety functions are satisfied, the contrel room team is using the
FRG safety function status check to continually review the status of safety
functions. As the event progresses and/or as new success paths are available,
the operator may have to shift to the new acceptance criteria which correspond
to these paths. This periodic review may reveal that some safety function is
in jeopardy and requires further operator action.
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1.7 RECENT TECHNICAL DEVELOPMENTS INCLUDED IN EPGs

Several technical issues have aris»n during the course of the development of
the EPGs which have affected the content of the EPGs. These merit a brief
discussion to describe the technical issue and to clarify their impact on and
to demonstrate their inclusion in the EPGs. The issues discussed are:

1.7.1. Pressurized Thermal Shock

1.7.2. Inadequate Core Cooling

1.7.3. RCS Voiding

1.7.4. Reactor Coolant Pump Termination and Restart Criteria
1.7.5. Reactor Vessel Level Monitoring

TR Pressunized Thenmal Shock

NRC NUREG-0737 Item II1.K.2.13 requires utilities to analyze the "thermal
mechanical conditions in the reactor vessel during the recovery from small
breaks with an extended loss of feedwater". The NRC concern deals with the
potential for thermal shock of the reactor vessel resulting from cold safety
injection flow and possible non-ductile failure of the reactor vessel upon
repressurization.

Typically, a Pressurized Thermal Shock (FTS) transient is characterized by a
rapid uncontrolled RCS cooldown and depressurization followed by a repressur-
ization. The thermal shock transient combined with the RCS repressurization
may cause thermal and pressure stresses which could result in crack initiation
within the reactor vessel. The degree to which any reactor vessel would be
affected by a PTS transient depends on the physical strength properties and
neutron induced embrittlement of the vessel, pre-existing flaws in the vessel,
and the severity of the transient.

Events other than the one identified in Item I1.K.2.13 can result in a PTS
concern. Excess steam demand events are of particular concern because of the
severity of the cooldown phase. In general, a PTS situation may occur any
time an overcooling transient is followed or accompanied by an RCS repressur-
ization.

1-43 CEN-152 Rev. 03 Sub 1



1252(83P10)/kms-44

When a potential for a PTS transient exists, the operator goals are first, to
control the overcooling transient where possible and second, to limit the
repressurization of the RCS. Primary emphasis must ultimately be placed on
prevention of excessive pressurization since the initial cooldown transient is
not always controllable and the cooldown thermal stresses alone will not
violate the pressure boundary.

To ensure that the guidelines adequately address PTS, a systematic evaluatien
of the guidelines with respect to PTS was conducted. The following paragraphs
contain a summary of the results of this evaluation.

The potential for pressurized thermal shock of a reactor vessel is reduced if
the coolant temperature ard pressure are maintained within acceptable limits
(Figure 1-6). The PTS concern arises in situations where a low temperature
has occurred due to cooldown in excess of Technical Specification limits
accompanied by a high pressure. A convenient way to define acceptable combin-
ations of low temperature and high pressure is to define an upper limit on
coolant subcooling. Since we are 21s0 concerned about minimum subcooling, the
combination of upper and lower subcooling limits is used to define a band of
pressure and temperature conditions within which the RCS should be maintained.
The upper and lTower subcooling Timitations are illustrated in Figure 1-6 which
is included in each guideline as an operator aid.

The Tower 1imit on subcooling which is currently contained in the C-E Emer-
gency Procedure Guidelines is nominally 20°F. The numerical value of this
limit is based on engineering judgement. If 20°F subcooling cannot be main-
tained, the emergency procedure guidelines instruct that high pressure safety
injection (HPSI) pumps must be operating until the coolant subcooling is
nominally 20°F and there are indications of adequate inventory (along with
other specified conditions).

Pressurized thermal shock considerations dictate that the high pressure safety
injection pumps and charging pumps be turned off when the pressurizer water
level reaches some specified high 1imit value in order to avoid filling the
pressurizer solid and overpressurizing the reactor coolant system (i.e.,
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greater than 200°F subcocling). C-E judges that the instructions on mainten-
ance of minimum subcooling for adequate core cooling should prevail over PTS
considerations. Therefore, the guidance calls for continued running of the

HPSI pumps until 20°F subcooling is achieved regardless of pressurizer level.

An upper cooling limit has been developed using engineering judgement based on
existing plant thermal-hydraulic and fracture mechanics analyses. This upper
Timit of subcooling is nominally 200°F. When pressurized thermal shock is not
a concern, a 100°F/hr cooldown curve provides the maximum pressure-temperature
Timit for the RCS. The guidelines caution the operator to monitor RCS temper-
ature and pressure throughout all phases of the cooldown in order to avoid
exczeding this coocldown rate. However, when pressurized thermal shock is a
conrern, a more limiting maximum RCS pressure-temperature limit is imposed. A
200°F subcooling curve supercedes the 100°F/hr curve anytime the RCS has
experienced an uncontrolled cooldown which causes RCS temperature to go below
500°F. This limit is judged to provide a sufficient operating band for :he
operator while requiring the pressure stresses to be maintained at a safe
Tevel,

The upper 1imit was de ‘eloped with the understanding that due to the inability
of the operator to control the initial cooldown transient in all cases, it is
conceivable that the limit may be violated during the first part of the
transient. The operator's goal is to restore the plant to the acceptable band
of pressure and temperature as soon as possible. This is accomplished by
depressurizing, either by using pressurizer sprays or by terminating or
throttling HPSI or charging. This approach is acceptable since thermal
stresses resulting from the initial transient will not breach the reactor
vessel. Therefore, the operator's efforts are directed at depressurizing or
preventing repressurization.
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To accomplish the above, the following additional guidance has been provided
to the operator. For each guideline, the operator is directed to maintain the
RCS within acceptable RCS pressure and temperature 1imits. The acceptable
pressure and temperature limits are provided in each guideline in the form of
a figure shown here as Figure 1-6. The Excess Steam Demand Event guideline
requires the operator to stabilize plant temperature and pressure following
the uncontrollable cooldown. If the ESDE is unisolable, then the operator is
directed to stop feed to the affected steam generator in order to terminate
the cooldown.

In addition, each guideline has supplementary information which warns of the
following conditions:

1. Solid water operation of the pressurizer may make it difficult to
control RCS pressure and therefore should be avoided unless 20°F of
subcooli..g cannot be maintained in the RCS.

- If the initial cooldown rate exceeds Technical Specification limits,
there may be a potential for Pressurized Thermal Shock (PTS) of the
reactor vessel, unless Post Accident Pressure/Temperature Limits are
maintained.

1.7.2 Inadequate Core Cooling

The subject of inadequate core cooling (ICC) has received much interest since
TMI. During the TMI accident, there was a substantial period of time during
which the reactor core was inadequately cooled, and the operators failed to
take appropriate actions to correct the condition. It is generally considered
that sufficient instrumentation indications were available to recognize the
inadequate core cooling condition. However, operator training and plant
emergency operating procedures did not prepare the operators to recognize
inadequate core cooling and to respond properly.

A major goal in the development of these guidelines has been to provide
guidance to maintain an adequately cooled core and to alert the cperator if
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the actions being performed are not effective. This goal has been achieved in
a number of ways. These are highlighted below. Detailed explanations of each
are found elsewhere in this document.

Explicit criteria for stopping safety systems (e.g., SIS) is includ-
ed. For example, the termination criteria for the safety injection
system ensures that RCS inventory, pressure and heat removal, [and
reactor vessel level], meet specified conditions before the system
may be turned off.

Each Optimal Recovery Guideline is built around a strategy which
minimizes the Iikelihood of an inadequately cooled core.

Safety function status checks are provided to alert the operator if
the actions being taken are ineffective or inappropriate, thus
averting an ICC situation. A detailed explanation of safety func-
tion status checks is found in section 1.6.

A Functional Recovery Guideline (FRG) is provided for situations
where the optimal recovery guidelines (i.e., LOCA, SGTR, etc.) are
not effective. A detailed explanation of the FRG is found in
section 1.6.3.

Studies have been performed to determine whether instrumentation is
available to monitor the approach to, existence of, and recovery
from ICC. In general, existing instrumentation, proven reliable
under operating conditions (i.e., Subcooled Margin Monitor, Core
Exit Thermocouples, Pressurizer Level), are adequate for this
purpose. In combination with new Reactor Vessel Level Monitoring
Systems (RVLMS), which provide corroborative indications of reactor
vessel liquid inventory and liquid inventory trending, sufficient
instrumentation is available to provide the operator with diverse
means to directly observe core cooling conditions.
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The guidance provided herein is designed to minimize the likelihood of an I(C
condition. However, should such a camdition develop sufficient information is
provided to allow the operator to recognize and deal with it. This would
likely be accomplished using the Functional Recovery Guideline and the re-
source assessment trees which help the operator identify systems available to
mitigate adverse conditions for the various safety functions. This guidance
also enables the operator to make the necessary assessments in an orderly
manner, prioritizing the various success paths he/she could follow. However,
guidance for the management of degraded core conditions is not included.
There is an insufficient analytical base for this guidance. An industry
effort is ongoing in this area and the results will be evaluated by the CEOG
when available and included if appropriate.

Lidlnd RCS Voiding

NRC NUREG-0737 Item II.K.2.17 requires that each utility analyze the potentiz]
for voiding in the RCS. A response has been prepared by C-E in a generic
program sponsored by the CEOG. Additional work is ongoing on this issue. A
summary of this work's impact on the EPG system to date follows.

Voids in the RCS may be formed as a result of not maintaining pressure control
and losing the minimum required subcooling margin. Those system conditions
affecting void formatio® over which an operator may have control include the
rate of RCS depressurization, the rate of cooling of the RCS fluid and the
flow distribution in the RCS. Depressurization and cooling obviously relate
to the state (amount of subcooling) of the RCS fluid. Loss of subcooling
leads to saturated fluid which implies voids in the RCS. Flow distribution
refers to the fact that the fluid state in all parts of the RCS may not be
uniform if there is inadequate flow in some regions. Thus, a loop in which
the steam generator is isolated when nc reactor coolant pumps (RCP) are
running may be at higher temperatures than the rest of the RCS if a cooldown
is in progress. Similarly, the temperatures in the reactor vessel head region
may be higher than the rest of the RCS since there is 1ittle exchange of fluid
between the head region and the other parts of the RCS without RCPs running.
The opera“or must be aware of this potential and monitor for indications of
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reactor vessel voiding (e.g., very slow depressurization rate, subcooled
margin monitor, pressurizer level, [RVLMS indication]). The voided area in
the reactor vessel head may act as a pressurizer, thus creating difficulty in
RCS pressure reduction and subsequent entry into shutdown cooling system (SCS)
operation.

The potential for RCS voiding exists during normal operating transients,
natural circulation cooldown transients, and accident transients. During
normal operating transients, voids in the RCS are highly unlikely since the
proper operation of the pressurizer pressure control system will maintain the
subcooling margin for all normal transients.

A natural circulation cooldown may result in reactor vessel upper head or
stagnant loop voiding. Maintaining subcooling with respect to hot leg temper-
ature when RCPs are rurning will generally suffice to prevent any portion of
the RCS from voiding. However, RCS voids may be formed while maintaining
steam generator heat remcval in natural circulation for the following cases:

1. Depressurization during natural circulation cocldown so that the
stagnant reactor vessel upper '#2ad region reaches saturation.

2. An asymmetric natural circulation cooldown which results in stag-
nated flow in one steam generator loop (e.g., steam generator
isolated due to tube rupture or ESDE).

3. A loss of reactor coulant system pressure control and, therefore,
subcooling.

In addition to natural circulation cooldowns, accident transients which result
in rapid depressurization (ESDE, SGTR, LOCA) to saturation conditions through-
out the RCS may result in some voiding. For large LOCAs in which depressur-
ization to very low pressures (less than 300 psia) occurs rapidly and pressure
control is not regained, voiding of the RCS is not a concern as long as the
core is kept covered by the SIS injection fluid. For small LOCAs (where steam
generator cooling is important for heat removal) and SGTRs and ESDEs (where
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‘ the RCS is refilled by the SIS and cnarging), if RCPs are restarted, vnids
will be eliminated much more quickly than under natural circulation condi-
tions. If natural circulation is the mode of cooling, then voids may form or
grow as discussed under natural circulation above.

Voids in the RCS may also be formed of non-condensible gases. The largest
potential source of gas would result from clad oxidation and fission product
release which would occur following long-term core uncovery. Gas pockets
might also result from the evolution of dissolved gases accompanying a depres-
surization of the RCS. This latter would be a relatively small amount of gas.
Another source of gas which might be significant is the safety injection tanks
(SITs). The cover gas (nitrogen) in the SITs might be released into the RCS
if the operator failed to isolate the SITs as required in each EPG.

RCS voiding is most likely to present operational problems to the operator
while attempting to depressurize for entry into SCS operation. The guidance
for detection and management of voids appears in each section where entrv into
SCS operation is discussed. Voiding guidance has been incorporated into

‘ certain guidelines in the manner shown on Figure 1-7.

1.7.4 Reactor Coolant Pump (RCP) Termination and Restart Criterdia

Tne requirement to terminate RCP operation has been the subject of consider-
able analytical work based on post-TMI concerns. The results of the CEOG
sponsored analytical work, which served as a basis for the RCP trip strategy
incorporated in Rev. 01, is recorded in CEN-114P, Amendment 1-P, "Review of
Small Break Transients in Combustion Engineering Nuclear Steam Supply Sys-
tems”, and in CEN-115P, "Response to NRC IE Bulletin 79-06C Items 2 and 3 for
Combustion Engineering Nuclear Steam Supply Systems". More recently, actual
events in operating plants have demonstrated that plant control is improved if
RCPs continue to operate for depressurizaton events which do not result in
significant loss of RCS inventory (e.g., SGTRs and ESDEs). The NRC issued a
requirement for utilities to develop an RCP operating strategy which would
optimize the recovery from depressurization events.
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Prolonged RCP operation during LOCAs of certain size and location could
increase the severity of the event. Conservative licensing analysis has
indicated that for a limited range of break sizes in the bottom of the hot
leg, continued RCP operation can result in greater loss of RCS inventory than
if RCPs were not running. This could result in decreased core cooling cana-
bility. For LOCA's in this break size range, it is very desirable to turn off
all RCPs to minimize inventory loss.

On the other hand, forced circulation is generally desirable for all other
events (except large break LOCAs). Forced circulation facilitates the recov-
ery process by preventing reactor vesse! head voids, providing forced cooling
of an isolated steam generator, providing main pressurizer sprays, and pre-
venting thermal stratification throughout the RCS.

Given these considerations, a desirable strategy for operating RCPs would be
one that:

1) ensures the tripping of all RCPs for large break LOCAs and small

break LOCAs in the break size rdange o* concern.

maximizes the probability of running at least one RCP in each Toop
for all other events. Since conservative licensing analysis yields
acceptable results for all design basis events without RCPs operat-
ing, an RCP strategy which occassionally results in tripping all
RCPs for some non-LOCA events is still acceptaole.

Since ESDEs, LOCAs and SGTRs, in addition to a number of anticipated opera-
tional occurrences, may result in RCS depressurization accompanied by similar
trends for other key RCS parameters, diagnosis during the first minutes of a
transient may be difficult. Even if a LOCA can be correctly diagnosed, the
operator will not generally be able to identify the size and location of an
RCS break. Therefore, the RCP strategy should permit the operator to decide
the proper operation of the RCPs without relying heavily on the accuracy of
operator diagnosis.
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A generic RCP trip scheme has been incorporated in the guideline which result
in the tripping of all four RCPs for LOCAs and which allows the continued
operation of at least two RCPs (in opposite loops) for many non-LOCA events.
Once the operator has determined that a LOCA is. the cause of the depressuriza-
tion event, then all four RCPs are tripped if pressurizer pressure is less
than [1300 psia] and an SIAS has occurred. This occurs after the LOCA diag-
nosis is confirmed in order to prevent the premature securing of all forced
coolant flow. An SIAS is coupled with the [1300 psia] criterion in the
decision logic in order to make the distinction between a controlled depres-
surization and an uncontrolled depressurization, where the latter causes an
SIAS.

The RCP operating strategy for a total loss of feedwater (LOF) event has not
changed. A1l four RCPs are required to be tripped in order to minimize heat
input to the RCS. For a partial LOF, two RCPs (in opposite loops) may be
tripped in order to minimize unnecessary heat input to the RCS, especially if
there is any difficulty in maintaining RCS heat removal.

Since, for all events, RCS control is easier and more effective with RCPs
running (especially under accident conditions), it is desirable to restart
them whenever possible. The restart criteria have been chosen to ensure that
relevant RCS parameters are under control and that RCP operation under these
conditions will not be detrimental (e.g., result in undesirable inventory
loss). Pressurizer level and pressure can be expected to decrease when
restarting RCPs due to loop shrinkage and/or steam void condensation.
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1.7.5 Overview of Reactor Vessel Level Monitoring System

The accident at TMI, as well as several other industry incidents, have brought
to light the advantage of being abie to monitor the liquid level in the
Reactor Vessel. The TMI accident would have very likely been less severe if
the operators had been adequately trained to recognize indications of voiding
in the reactor vessel upper head and, consequently, not secured safety injec-
tion. This probably would have prevented the conditions which then allowed
the core to become uncovered. In reaction to this event, NUREG-0737 Item
I1.F.2 identified the usefulness of a Reactor Vessel Level Monitoring System
(RVLMS) which would be operational for post-accident indication and also
required the installation of such an instrument. The industry responded with
the development two primary instruments to measure liquid levels in Reactor
Vessels; the Heated Junction Thermocouple and the Differential Pressure
Detector.

There are a number of factors relating to the design and operation of reactor
vessel level monitoring systems which increase the difficulty of designing a
iystem which is accurate under all post-accident conditions. Due to mechan-
ical design differences in reactors, it was necessary to design different
systems to account for the plant differences. Plants already operating
required a backfit system while plants under construction could be changed to
accommodate a design which was not dependent on already existing structures.
[n other words, internal structural changes i1 operating plants were ruled out
due to excessive contamination and radiation levels while plants under con-
struction could be modified internally. Systems also had to be designed to
respond to various accidents, e.g., small and large brea: LOCAs, ESDEs and
SGTRs. The various RCS responses during the accidents are not the same, an
evaluation of the reactor vessel level monitoring system (RVLMS) (generic
term) response using best estimate analysis had to be made, and the system
design had to consider the conclusions of the analyses for all accidents. One
other major item which was considered was the RCS and RVLMS response for
various RCP operating configurations. Due to upper guide structure design,
there are mechanical restrictions to flow above the fuel alignment plate which
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could bias the RVLMS response when RCPs are operating. The RCP operating
configuration also has different effects on the various RVLMS designs. When
RCPs are operating, the quality of the pumped fluid has an effect on the RVLMS
response and this also has to be taken into account. A substantial amount of
analysis and testing was performed to arrive at designs which gave the best
information under the accident conditions which were most critical with
respect to reactor vessel voiding.

The RVLMS is most useful when RCPs are not operating because the level indi-
cation is not biased. However, even under conditions when the RCPs are
operating, valuable trending information of reactor vessel inventory is
available to the operators.

1.8 RELATIONSHIP OF EPGs TO NIW CONTROL ROOM OPERATOR AIDS

The design of the system o EPGs is deliberately fashioned to permit integra-
tion with new control room operator aids. Specifically, the control room aids
which have been installed, or may be installed in the future, are the sub-
cooled margin minitor (SMM), the safety parameter display system (SPDS), the
reactor vessel Tevel monitoring system (RVLMS), and the Critical Function
Monitoring System (CFMS).

For example, the safety function status checks contained in both optimal and
functional reco ery guidelines require that the operator check safety function
criteria against control board parameters to assess the adequacy of core
cooling and the effectiveness of mitigation measures. The parameters chosen
for comparison on these safety function status check were deliberately select-
ed from the list of parameters identified for inclusion on the SPDS,

In a similar vein, the criteria for the various safety function status checks
are organized around the same safety functions used in the CFMS. Thus, the
CFMS could be used as an automated means of checking the status of safety
functions during accident mitigation. This unburdens the operators of this
role and permits the machine processing of considersbly more plant data in
assessing the safety functions.
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PIDSF I SHP v TlTLESTANDARD POST TRIP ACTIONS
EMERGENCY PROCEDURE | '
GUIDELINES | Page _2_ of 1L Revision _03_

PURPOSE

This guideline provides the immediate operator actions which must be
accomplished after an automatic or manually initiated reactor trip. These

actions are necessary to ensure the plant is placed in a stable, safe

condition or that the plant is configured to respond to a continuing ;

emergency. This is the entry guideline for the entire EPG system. This ,

guideline provides technical information to be used by utilities in developing |

a plant specific procedure. I
I

ENTRY CONDITIONS

Any symptom(s) of a Reactor Trip

[Reactor trip alarm]

CEA bottom lights on

Rapid decrease in reactor power
Reactor trip circuit breakers open
[RPS trip setpoint exceeded]
[Other plant specific symptoms, insert here] .
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Dnstructions

r, Verify all safety function Is
acceptance criteria are
satisfied.

Coutingency retions

If any criteria are not
satisfied, Then perform the
necessary contingency actions.

Reactivity Control

2. Verify reactivity control .
is established by the
following:

a. Reactor power decreasing
and

b. [Negative startup rate]
and

¢. No more than one CEA
bottom Tight not 1it.

If reactivity control is not
established, Then do the
following as necessary:

a. Manually trip the reactor
b. Open the reactor trip breakers

¢. Deenergize the CEA motor
generator

d. [Plant specific methods,
insert here]

¢. If more than one CEA not
inserted, Then borate the
plant in accordance with
technical specifications.

o —————m————
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Tnstructions Gontingency etions

Maintenance of Vital Auxiliaries
(AC & DC Powen)

3. Verify plant electrical power 3. If electrical power requirements
requirements are satisfied by are not satisfied, Then do the
the following: following as necessary:

a. Main turbine tripped a. Trip the turbine
and
b. Generator output breakers b. Open the generator output
open breaker
and
¢. [Station loads transferred c. Ensure the diesel(s) are
offsite] started
and
d. [Plant specific methods, d. [Plant specific methods,
insert here]. insert here].
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Tnstructions Gontingency ctions

RCS Inventory Control

4. Verify RCS inventory 4. If RCS inventory control is not

control is established established, Then do the

by the following: following as necessary:

a. Pressurizer level in the a. Verify proper operation of the
range [35 to 245"] PLCS

and

b. The RCS is at least [20°F] b. Take manual control of

subcooled. charging and lTetdown

¢. [Plant specific methods,
insert here].

-
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EMERGENCY PROCEDURE i 3 ke
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Tnatructions Contingency Actions

RCS Pressune Contnol

5. Verify RCS pressure control 5. If RCS pressure control is pot
is established by pressurizer established, Then do the
pressure in the range [1700 to following as necessary:

2350 psial.

a. Verify proper operation of
the PPCS

b. Take manual control of
pressurizer heaters and spray

¢. If pressurizer pressure
decreases to [1600 psial, Then
ensure an SIAS is initiated

d. 1f pressurizer pressure
decreases to less than [1300
psia] following an SIAS, Then
trip 2 RCPs (in opposite
Toops)

e. [Plant specific methods,
insert here].

SPTA 2-6 CEN-152 Rev. 03 Sub 1
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Cone Heat Removal

Verify core heat removal 6. 1f forced circulation core heat
via forced circulation by removal is not possible, Then
the following: verify natural circulation is

developing by:
a. At least one RCP is

operating a. Loop AT (TH - TC) is less
and than normal full power AT
b. TH - TC is less than
[10°F] b. No abnormal difference
and between T, RTDs [and CETs]
c. The RCS is at least [20°F]
subcooled. ¢. RCS subcooling greater than

or equal to [20°F]

d. [Plant specific information,
insert here].

P —————
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€7 U 5. :

Centingency ctions

RCS Heat Removal

Verify RCS heat removal «
by the following:

a. At Teast one S/G has level:

i) within the normal level
band with feedwater
available to maintain
Tevel

or
ii) being or restored by a
feedwater flow greater
than [150 gpm]
and

b. RCS Tav is less than

e
[545°F]

and

¢. S/G pressure is greater

than [500 psia].

If RCS heat removal is not main-
tained, Then do the following as
necessary:

a. Verify [main or auxiliary]
feed is controlling S/G level

b. Verify the steam dump system
is operating properly

¢. If 5/G pressure decreases to
[500 psial, Then verify
actuation of an MSIS

d. [Plant specific methods,
insert herel.

S
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Dnstnuctions Contingency etions

8.

Containment Isclation

Verify normal containment §. 1f containment integrity is not
integrity by: indicated, Then do the following

as necessary:

a. Containment pressure a. If containment pressure is
less than [1.5 psiq] greater than [4 psig], Then
and ensure a CIAS
b. No containment area
radiation monitors b. If steam plant radiation
alarming levels are above the alarm
and setpoint, Then refer to the
¢. No steam plant radiation SGTR EPG
alarms.

c. [Plant specific methods,
insert here].

.

SPTA
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{7 a :. l

.. Verify normal containment 9.
pressure
by the following:

Containment pressure
less than [1.5 psig]

Ea : ’ iz 5 ’ !
Containment Temperature & Pressure

If normal containment

pressure parameters are not
indicated, Then verify the con-
tainment cooling system is
operating in cne of the following
configurations:

[ i)

ii)

111)

Three fan coolers in the
emergency mode

At least two fan coolers
in the emergency mode and
at least one containment

spray header delivering at
least 1500 gpm

Two containment spray
headers each delivering
at least 1500 gpm].

CEN-152 Rev. 03 Stb 1
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1.

Dnstnuctions

Verify no expected 4increase
in containment combustible
gas concentration by the
gollowsing:

Containment pressure less
than [1.5 psig]

Verify all safety function
criteria are satisfied and

the event is an uncomplicated

reactor trip, Then
implement the Reactor Trip
Recovery Guideline.

10.

1.

(Coutingency 4etions

Containment Combustible Gas Control

1§ normal containment

and pressure parametens are not
indccated, then do the gollowing
as necessany:

a. [Verify proper functioning
of all available containment
coolers]

b. Verify proper functioning of
all available containment air
recirculation fans, including
the normal ventilation fans
it they are available.

If all safety function criteria
are not satisfied, Then more than
a2 simple reactor trip has
occurred and the following
guidance must be utilized:

a. 1f a diagnosis is apparent,
Then implement the appropriate
Optimal Recovery Guideline

b. If a diagnosis is not poss-
ible, Then impiement the
Functional Recovery Guideline.

P ————————
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BASES

This is the entry guideline for the EPG System. This guideline is used for
any event which actuates or requires a reactor trip. It is intended that the
operator check each function and perform the contingency actions if necessary.
The criteria are selected from best estimate analysis to reflect the range for
each parameter which would be expected following an uncomplicated reactor
trip. The recovery actions are selected to reflect the need to verify the
actuation of automatic systems which may occur and to include other appropri-
ate post trip actions which will ready the plant to respond to any event.

Standard Post Trip Actions (SPTAs) are organized around those critical safety
functions which must be satisfied when a reactor trip is actuated or required,
in order to ensure the plant is placed in a stable, safe condition or that the
plant is configured to further respond to a continuing casualty. In order to
provide for this, the operator is given specific, unambiguous acceptance
criteria which can be evaluated without interpolation directly from the
control room instruments. These criteria are located under the "instructiors"
heading. These criteria (and the range of the numerical criteria) are chosen
from generic, best estimate analyses to bound the expected conditions which
would follow an uncomplicated reactor trip. Thus, checking the acceptance
criteria serves two purposes: 1if the criteria are met, then this serves as a
verification that the function is being fulfilled; second, the meeting of the
criteria is a diagnostic indicator (i.e., meeting all of the acceptance
criteria implies that nothing more serious than an uncomplicated reactor trip
has occurred). If the acceptance criteria are not met, then this serves as a
cue to perform the appropriate contingency actions located under the heading
of the same name. These actions are chosen to reflect the verification of
expected automatic system responses and the usual, easy to accomplish actions
which operators always take in response to a trip. With regard to the latter
actions, a generic list of these was prepared from operator interviews, review
of existing emergency procedures, and simulator experimental and validation
efforts.

SPTA 2-12 CEN-152 Rev. 03 Sub 1
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The reactivity control function is designed to ensure a shutdown reactor in
order to reduce heat input to the RCS. The reactivity control criteria are chosen to
reflect those reactor conditions which would prevail during the first ten
minutes following a trip. Negative startup rate is bracketed to reflect the
fact that startup rate instrumentation is either inaccessible or inadequate at
some plants. No more than one CEA stuck out is chosen as the cutoff point in
the third criterion since it is a core design criterion that the reactor will
still shutdown even with the most reactive rod stuck out. Contingancy actions
a) through d} are directed to inserting the CEAs. Criterion c¢) anc
contingency action e) reflect the generic technical specification requirement
to borate should more than one CEA not be fully inserted.

Maintenance of vital auxiliaries is chosen as the next function to address
since the items included here relate to the alignment of the electrical
system. The electrical system is essential to the fulfillment of succeeding
functions. The criteria reflect the automatic disconnect of the main turbine
generator and transfer of power to offsite which should occur immediately upon
a trip. Contingency actions are chosen to remedy the failure of automatic
system responses.

RCS inventory and pressure are next in order of priority due to their import-
ance to core cooling and their potential for rapid change. RCS inventory
control is intended to ensure an adequate amount of fluid to remove decay
heat. On an uncomplicated trip, the pressurizer will retain some indicated
level (even though the pressurizer heaters may be deenergized briefly on low
pressurizer level) which is acknowledged in the criteria. The upper limit of
pressurizer level expressed is based on avoiding solid water operations and
bounds the highest level observed in best estimate analysis. Contingency
actions are selected to restore proper operation of the normal inventory
control system (the PLCS) and, failing that, to ensure control of inventory
using manual control of charging and letdown.

RCS pressure control relates to the maintenance of subcooled fluid in the RCS

in crder to adequately remove decay heat. Best estimate analyses reveal that
for an uncomplicated reactor trip, pressure will remain within the limits

SPTA 2-13 CEN-152 Rev, 03 Sub 1
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' expressed in the criteria. The limits are adequate to ensure RCS inventory
subcooling and to prevent 1ifting a primary relief or safety valve. Contin-
gency actions are directed at restoring RCS pressure control with the PPCS.
Failing that, actions are directed at restoring or maintaining pressure with
manual control of pressurizer heaters and spray, or the safety injection
system.

Core heat removal is related to circulating cooling fluid in the proper state
through the core to remove decay heat. The criteria assume RCPs are running
(as they would be following an uncomplicated trip) thereby providing the small
loop T expected with decay heat. Subcooling is concerned with maintaining
adequate fluid conditions surrounding the core. Contingency actions are
directed at removing heat through the steam yenerators using natural circula-
tion.

RCS heat removal is next in priority because the parameters associated with it
are concerned mostly with steam generators, which are the primary means of
removing heat from the RCS. Furthermore, steam generator level and pressure

. also have the potential for rapid change. Criteria a) and c) refer to ensur-
ing the presence of an operable steam generator for removing heat. A lower
level for the steam generator is not specified since it is not uncommon for
Tevel to briefly transit below the indicating range for plants with only
narrow range steam generator level indication. RCS average loop temperature
(criterion b) below some predetermined value is indicative that steam gener-
ators are in fact removing heat. The contingency actions relate to restoring
feed or steam flow to a steam generator or to ensuring isolation of a faulted
steam generator.

Containment isolation serves to contain radionuclides inside the containment
building. The criteria selected are designed to ensure that containment
integrity is maintained. High containment pressure or contaimﬂbﬂ#steam plant
radiation alarms are indications that more than an uncomplicated reactor trip
has occurred. Contingency actions are designed to ensure that the containment
is isolated when necessary and the SGTR EPG is implemented if an SGTR is
indicated.

SPTA 2-14 CEN-152 Rev. 03 Sub 1
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Containment temperature and pressur2 control has as its goal the preservation
of the containment building boundary by preventing or minimizing pressure
excursions. Since containment pressure and temperature are not expected to
change noticeably for an uncomplicated reactor trip, the criteria are selected
to be sensitive to any change. Contingency actions focus on restoring or
initiating containment cooling either with the cooling fans or, if necessary,
with the containment spray system.

In the standard post trip actions, checking containment combustible gas
control serves to alert the opeiator of the potential for hydrogen generation.
Hydrogen can be generated (and released to the containment) by several
mechanisms:

1) metal-water reactions involving zircaloy or stainless steel in the RCS,

2) corrosion reactions involving the containment spray solution and metals
(zirc and aluminum) inside containment,

3) radiolytic decomposition of water due to fission product decay.

The metal-water reactions and the radiolysis are of concern during LOCAs when
the hydrogen generated by these mechanisms can escape to the containment
atmosphere (through the RCS break). The corrosion reactions require high
temperatures to produce significant amounts of hydrogen. This mechanism is of
concern during LOCAs and inside containment steam line breaks, since these
events may result in high temperatures and containment spray actuation.

The potential for hydrogen generation is identified by increasing containment
pressure and temperature, since these indicate that an inside containment LOCA
or steam line break may be occurring and may result in containment spray
actuation. Contingency actions are intended to minimize the amount of
hydrogen generated due to corrosion reactions (by reducing the containment
temperature), and to prevent local accumulations of hydrogen (by mixing the
containment atmosphere with all available fans).

SPTA 2-15 CEN-152 Rev. 03 Sub l
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3.0 DIAGNOSTIC AIDS

By the time the diagnostic aids are consulted, the operator has already
completed the Standard Post Trip Actions (SPTAs) in response to a reactor trip
and any other concurrent plant problem symptoms. The operator has already
made an initial evaluation of plant status and has either observed or
attempted to initiate a reactor trip. Because the Standard Post Trip Actions
also constitute a check of the safety functions, the operator is also now
aware of the status of safety functions. If no functions were in jeopardy,
that is, all of the safety functions met their respective acceptance criteria,
then nothing more than an uncomplicated reactor trip has occurred. If one or
more safety functions did not meet the acceptance criteria of the SPTAs, then
the operator must attempt to identify a symptom set which provides entry to an
ORG. The diagnostic aids contained herein are intended to provide examples of
the kinds of aids utilities may use to assist operators in selecting an
appropriate procedure during the first several minutes after a reactor trip.

Diagnostic aids have been developed to assist the operator in logically
selecting a procedure. Figures 3-1, 3-2, and 3-3 are examples of aids which
have been developed with operator input and considerable engineering effort.
These examples serve only to quickly identify procedures for use with events
which are not complicated by significant, multiple failures or confusing
symptom configurations. Minor system failure will not impa r the use of these
diagnostic aids in distinguishing symptom sets. To go much beyond the
complexity of the samples provided will require too much operator time and may
hinder the operator in performing the required actions in a timely manner.
Each utility will decide, based on their own training programs and other plant
specific considerations, what form this diagnostic section will take in their
plant specific procedures.

Figures 2-1 and 3-3 are simplified flow charts which can be used to assist the
operator in organizing plant symptoms to decide which procedure to employ
(i.e., which major class of event is occurring). These charts are intended
only to assist in selecting a procedure. While they could be expanded to

3-1 CEN-152 Rev., 03 Sub 1



1252¢(83P10)/kms=2

cover a greater variety of symptom combinations, they are purposeiy kept
simple for ease of use. Therefore, minor control system or component failures
are not included.

Figure 3-2 is another form of diagnostic aid. It is intended to be a follow
on from the Standard Post Trip Actions such that, for those safety functions
which the operator identified as being in jeopardy, additional parameters
(column lahe!2d PARAMETER DEVIATIONS) are looked at to narrow down and dis-
tinguish the possible events. The operator should first lTook at the safety
function which appears to be most in jeopardy (e.g., the dominant problem

may be RCS pressure control) and then look at one or two additional parameters
normally associated with other safety functions to assist in diagnosis. After
looking at the confirming parameters for all of the safety functions in
Jjeopardy, the operator should be able to select a symptom set and an
appropriate procedure. Once again, minor control system or component failures
(e.g., failure of the pressurizer pressure control system) will generally not
prevent the use of this diagnostic aid in selecting a procedure.

A particular ORG would be entered after the operator has completed the
Standard Post Trip Actions and has been able to make a diagnosis. The ORG
will efficiently mitigate the event if it has been properly diagnosed and is
not severely complicated by multiple failures. The key in conduct of an
optimal procedure is providing a correction process. In essence, this
correction process continuously checks symptoms using the ORG safety function
status check. If the treatment in use is adequately treating the symptoms,
then the treatment is continued. If the treatment is inadequate, either
because new information on symptoms appears that is not covered in the
procedure, or because the observed symptoms are not properly responding (as
judged by the safety function status check), then a transfer is made to a more
appropriate treatment. The checking process is continued as long as the
emergency procedures are in use. If identification of a symptum set were not
possible, or if the event were not being mitigated by the use of a particular
ORG, the operator would implement the Functional Recovery Guideline (Section
10.0).

3-2 CEN-152 Rev. 03 Sub 1
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FIGURE 3-2

POSSIBLE VERSION OF THE REACTOR TRIP DIAGNOSTIC

FUNCTION NOT SATISFIED

PARAMETER DEVIATIONS

POSSIBLE EVENT

REACTIVITY CONTROL

power > [10"(X)q]
with RCS temp. increasing

Rx not shutdown
Consider implementing
FUNCTIONAL RECOVERY
GUIDELINE

RCS INVENTORY CONTROL

Pzr. Tevel decreasing or not
recovering or recovering very
slowly with HPSI on
with S/G press. & level
constant or increasing

Pzr. level decreasing or not
recovering
with S/G press. & level
decreasing and not
recovering

Consider LOCA/SGTR

Consider ESDE

RCS PRESSURE CONTROL

Pzr. press decreasing or low

and subcooled margin decreasing

with S/G press constant
or increasing

Pzr. press decreasing or low
with S/G pressure and level

Consider LOCA/SGTR

Consider ESDE

decreasing or low and subcool-

ed margin decreasing

CORE HEAT REMOVAL

Thfrc > L[10°F]
with $/G6 dp < [X psid]

Consider LOFC

RCS HEAT REMOVAL

5/G lTevel < [-116" ] or feed
flow = 0
with S/G press decreasing

S/G press & level decreasing
and not recovering
with adequate S/G feed

Consider LOF

Consider ESDE

3-4
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FIGURE 3-2 (Continued)
POSSIBLE VERSION OF THE REACTOR TRIP DIAGNOSTIC

FUNCTION NOT SATISFIED PARAMETER DEVIATIONS POSSIBLE EVENT
Containment sump level Consider ESDE
increasing

with no containment
radiation

CONTAINMENT ISOLATION
Containment sump level
increasing Consider LOCA
with containment
radiation increasing

“Containment pressure increasing
without increase in steam Consider LOCA/ESDE
CONTAINMENT TEMPERATURE plant radiation monitor
AND PRESSURE CONTROL
Containment pressure normal
with increase in steam Consider SGTR
plant radiation monitor

(o8
]
wun
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CONSIDER LOSS
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FIGURE 3-3c
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COMBUSTION ENGINEERING TITLE
EMERGENCY PROCEDURE REACTOR TRIP RECOVERY
GUIDELINES Page Z_ of °_ Revision 2 _
PURPOSE
This guideline provides the operator actions which must be accomplished
subsequent to a relatively uncomplicated reactor trip. The actions in this !
guideline are necessary to ensure that the plant is placed in a stable, safe E
condition. The goal of the guideline is to safely establish the plant in f
a mode 3 condition (hot standby) while minimizing any radiological releases to ’
the environment. If necessary, the RCS may be cooled and depressurized and
placed in either a mode 4 or 5 condition (hot shutdown or cold shutdown). }
!
ENTRY CONDITIONS r
|
1. The Standard Post Trip Actions have been performed j
and |
- Plant conditions indicate that an uncomplicated reactor trip has
occurred. '
EXIT CONDITIONS '
This guideline should be exited if any of the following conditions are met: !
1. The Standard Post Trip Actions have art been performed
or
2. The diagnosis of an uncomplicated reactor trip is not confirmed
|
or
|
|
3. Any of the reactor trip Safety Function Status Check acceptance criteria |
are not met.
or |
|
W

RT 4-2 CEN-152 Rev. 03 Sub 1
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COMBUSTION ENGINEERING TITLE
EMERGENCY PROCEDURE REACTOR TRIP RECOVERY
GUIDELINES | Page 2_ of 1_ Revision 23_

The reactor trip EPG has accomplished its purpose by the following:

a. All of the safety functions are being maintained
and

b. RCS conditions are being controlled and maintained in a mode 3, 4 or

5 condition (hot standby, hot shutdown, or cold shutdown).

and

¢. An appropriate procedure to implement has been provided and

administratively approved.

RT

4-3 CEN-152 Rev. 03 Sub 1
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COMBUSTION ENGINEERING TITLE
EMERGENCY PROCEDURE REACTOR TRIP RECOVERY

. GUIDELINES Pagei_ of f_ Revision >

OPERATOR ACTIONS

1. Verify that the Standard Post Trip Actions have been performed.

*2. Verify that the safety function criteria are being satisfied by comparing
control board parameters to the criteria in the Safety Function Status
Check.

*3. If the safety functions are satisfied, Then continue with the actions of
this guideline.
If the diagnosis of an uncomplicated RT is found to be in error and
another event is diagnosed, Then exit this guideline, and implement the l
correct recovery guideline.
If a diagnosis cannot be made, Then exit this guideline, and implement I
the Functional Recovery Guideline.

4. Verify that the PLCS is automatically maintaining or restoring pressur-
izer level,
[f not, manually operate charging and letdown to restore and maintain
normal pressurizer level.

5. Verify that the PPCS is automatically maintaining or restoring RCS
pressure within the limits of Figure 4-1.
[f not, manually control pressurizer heaters and/or spray to control
pressurizer pressure,

6. Verify turbine bypass valves are controlling steam generator pressure
[900-950 psia].
1f condenser vacuum is lost, the turbine bypass system is unavailable, or
the MSIVs are closed, Then use the atmospheric dump valves to control
steam generator pressure.

. * Step performed continuously.

RT 4-4 CEN-152 Rev, 03 Sub 1
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COMBUSTION ENGINEERING TITLE
EMERGENCY PROCEDURE REACTOR TRIP RECOVERY
GUIDELINES Page > of :2_ Revision ©2__

|
7. Restore and maintain steam generator level in the normal band using [main
or auxiliary] feedwater.

8. Maintain the plant in a stabilized condition and evaluate the need for a
plant cooldown based on plant conditions, availability of auxiliary
systems, and condensate inventory. Exit this guideline and implement the f
appropriate procedure.

FINAL CONDITIONS

When the steps of the Reactor Trip Guideline are complete, the plant should be
in a condition where all of the safety functions are being maintained (i.e.,
all of the SFSC acceptance criteria are being met), and the entry conditions
of an appropriate procedure are satisfied. In most cases, the plant will be
maintained in hot standby or directed to be cooled down to a mode 4 or 5
condition,

END

e ————
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COMBUSTION ENGINEERING TITLE
EMERGENCY PROCEDURE REACTOR TRIP RECOVERY

GUIDELINES Page °__ of \°_ Revision

SUPPLEMENTARY INFORMATION

This section contains items which should be considered when implementing EPGs
and preparing plant specific EOPs. The items should be implemented as
precautions, cautions or notes or in the EOP training program.

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

2. A1l available indications should be used to aid in evaluating plant
conditions since the accident may cause irregularities in a particular
instrument reading. Instrumentation readings must be corroborated when
one or more confirmatory indications are available.

3. A plant cooldown and entry into shutdown cooling (if necessary) should be
conducted prior to depleting the condensate storage.

4. During all phases of the cooldown, RCS temperature and pressure should be
monitored to avoid exceeding a cooldown rate greater than Technical
Specification 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.

6. If the initial cooldown rate exceeds Technical Specification Limits, then
there may be a potential for pressurized thermal shock (PTS) of the
reactor vessel. Post accident pressure/temperature should be maintained
within the limits of Figure 4-1,

RT 4-6 CEN=152 Rev. 03 Sub 1




PRESSURIZER PRESSURE, PSIA

NOTES:

RT

Figure 4-1

TYPICAL POST ACCIDENT PRESSURE-TEMPERATURE LIMITS (1)
2500 T T r T
2400 }= LOWEST /
2300 |. SERVICE 100°F/HOUR !
TEMP —, COOLDOWN (3)
(2) /
2000 = , B
/I
(a4) /
200°F SUBCOOLED
Y
1500 = /
/
/
/
/
1000 b= / RCP NPSH

200 (7)
/ SUBCOOLED
/ swuToOWN 0°
500 //coounc (8) SUBCOOLED  _
z (SATURATED)
(8)
0 | 1 1
100 200 300 400 500 600

RCS TEMPERATURE, °F

THESE CURVES HAVE NOT BEEN ADJUSTED FOR
INSTRUMENT [NACCURACIES

(2) OPERATION INSIDE THIS BOX IS PROMIBITED (6)
BY TECH SPECS
(3) THIS CURVE PROVIDES THE UPPER LIMIT FOR (7)
OPERATION DURING COOLOOWNS WITHIN THE
TECH SPEC LIMITS (1009F/HOUR)
(8)

THIS CURVE (SUBCOOLED MARGIN OF 200°F)

SHOULD BE USED AS THE UPPER LIMIT
FOLLOWING ANY UNCONTROLLED COOLDOWN
WHICH CAUSES THE RCS TEMPERATURE TO GO
BELOW 5009F

OPERATION OF THE SHUTDOWN COOL ING SYSTEM
IS PERMITTED INSIDE THIS BOX

OPERATION OF THE RCPs IS PERMITTED ABOVE
THIS CURVE

THIS CURVE (SUBCOOLED MARGIN OF 20°F) PROVIDES
THE LOWER LIMIT FOR NORMAL OPERATION

VALUES BELOW THIS CURVE [NDICATE SUPERMEATED
CONDITIONS
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CUMBUSTION ENGINEZRING
EMERGENCY PROCEDURE

GUIDELINES

TITLE
REACTOR TRIP RECOVERY

_Page.a_ of _ Revision

03

|

SAFETY FUNCTION STATUS CHECK

Sagety Function

Reactivity Control

Maintenance of Vital Auxiliaries
(AC and DC Powen)

RCS Inventory Control

l.a.

Acceptance Critersa

Reactor power decreasing
and

. [Negative Startup PRate]

and

. Not more than 1 CEA bottom light

not 1it or borated per Tech
Specs.

[Plant specific criteria, insert
here].

. Fressurizer level is [35 to 245"]

and
Charging and letdown are main-
taining or restoring pressurizer
level

and
The RCS is at least [20°F]
subcoo led

and
(No reactor vessel voiding as
indicated by the RVLMS],

RT

4-8
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COMBUSTION ENGINEERING
EMERGENCY PROCEDURE
GUIDELINES

TITLE
REACTOR TRIP RECOVERY

03

Page 2_ of °_ Revision 2|

SAFETY FUNCTION

STATUS CHECK

Sagety Function

4. RCS Pressure Control 4

5. Cone Heat Removal 5

Acceptance Crniterdia

.a@. Pressurizer pressure is [1700 to

2350 psia]
and
b. Pressurizer heaters and spray are
maintaining or restoring pressure

within P/T 1imits of Figure 4-1,

e T - TC is less than [10°F]

H
and

b. The RCS is at least [20°F]
subcooled.

6. RCS Heat Removal 6.a. At least one S/G has level:

i) within normal level band
with feedwater available to
maintain level

or

ii) being restored by feedwater
flow greater than [150 gpm]

and

L. RCS Tave is less than [545°F].

e ————

RT 4-9
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COMBUSTION ENGINEERING

EMZRGENCY PROCEDURE

GUIDELINES

TITLE
REACTOR TRIP RECOVERY

Page 10 of'%_ Revision &__

7.

SAFETY FUNCTION

STATUS CHECK

Safety Funciion

Contacnment lsolation

Containment Temperature §
Pressure Control

Containment Combustible Gas
Control

.a, Containment temperature less than

Acceplance Criterdia

.a. Containment pressure less than

(1.5 psig]
and
b. No containment area radiation
alarms
and
¢c. No steam plant activity alarms.

.a. Containment temperature less than

[120°F]
and
b. Containment pressure less than
[1.5 psig].

[120°F)
and

b, Containment pressure less than
[1.5 psig).

RT

4-10
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BASES

The bases section of the reactor trip (RT) recovery guideline describes the RT
transient in relation to the actions which the operator takes during an RT
recovery. The purpose of the bases section is to provide the operators with
information which will enable them to understand the reasons for, and the
consequences of, the actions they take during an RT,

Characterization cf a Reactor Trip

A reactor trip is a shutdown of the reactor accomplished by the rapid inser-
tion of the control element assemblies (CEAs). It is automatically initiated
by the reactor protective system when certain continuously monitored para-
meters exceed predetermined setpoints, or it can be initiated manually by the
cperator if plant conditions warrant. A malfunction in the reacter protective
system may also cause a reactor trip signal.

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.

e) Low reactor ccolant flow.

d) Low steam generator level,

e) Low steam generator pressure.

f) High pressurizer pressure.

g) [Thermal margin/low pressure.]

h) Hignh containment pressure.

i) Turbine trip.

j) [Core protection calculator trip].

[A reactor trip will also result due to an automatic or manual turbine trip at

full power conditions.] A turbine trip i1s necessary if a condition detri-
mental to continued turbine operation dev~lops.

RT 4-11 CEN-152 Rev. 03 Sub 1
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Safety Function Addected

A reactor trip results in a decrease of primary system heat generation to
decay heat. It is an automatic safety action performed for reactivity control
and does not directly challenge the maintenance of any safety function requir-
ed to place the plant in a stable condition. However, all safety functions
should be monitored to assure public safety or to detect failures which may
lead to unsafe conditions.

Trending of Key Parameters

Reactor Power (Fig. 4-2)

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 a negative startup rate will be observed. This rapid
decrease is followed by a decrease in indicated power (approximately -1/3
decades per minute) until the subcritical multiplication level is reached.
Indicated power will stabilize at the subcritical multiplication level and
decrease slowly over a period of hours.

RCS Temperature (Fig., 4-3)

Initially, feedwater temperature decreases sharply due to steam heating to the
feedwater heaters (440°F to about 200°F feedwater temperature) or due to
actuation of auxiliary feed (may be as low as 40°F). Heat from the RCS is
absorbed by the cooler feedwater supplied to the steam generators. At power,
there is a large differential between RCS Tave and average steam generator
temperature. Following the trip of the reactor ana the turbine, the heat
transfer rate from the RCS to the steam generator decreases to decay heat
removal and the RCS to steam generator AT decreases to a few degrees. As a
new equilibrium i35 achieved, the combined effect of the cooler feadwater and
the steam generator heating up to an average temperature closer to RCS

RT 4-12 CEN-152 Rev., 03 Sub 1
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. temperature results in a net heat extraction from the RCS. Loop differentials
between hot and cold leg temperatures will drop to less than ten degrees and
RCS average temperature will decrease to the hot zero power temperature
controlled by the turbine bypass system.

Reactor Vessel Level

For an uncomplicated reactor trip, it is expected that the reactor vessel will
remain full. The subcooled margin in the RCS loops is typically 50°F or
higher, and RVUH subcooling margins can be significantly lower than that for
the RCS loops but still high enough to prevent voids from forming. At steady
state conditions, the upper head region is about 1°F cooler than the core exit
temperature and, therefore, the subcooled margin of the RVUH is essentially
equal to that of the hot leg. Under transient conditions, with RCPs running,
there is a time lag between the change in the core exit temperature and the
change in RVUH temperature to approximately tne same temperature. Under RCS
cooling transients up to [75°F/hour], the time lag is small enough so that the
. subcooling margin in the RVUH will not allow voids to form.

Pressundizer Pressure and Level (Fig. 4-4, 4-5)

Pressurizer pressure and level will initially decrease due to the lowering of
RCS temperature. However, this effect will usually be tempered by operation

of pressurizer heaters and charging pumps to restore level to the programmed

hot zero power band.

Steam Generaton Pressure (Fig. 4-6)

Steam generator pressure will usually increase. Since heat is being removed
from the RCS but not from the steam generator (except for the cooling from the
feed), the steam generator heats up to decrease RCS to steam generator differ-
ential temperature. Steam generator pressure increases as temperature in-
creases. As steam generator pressure increases, the turbine bypass valves
and/or atmospheric dump valves will usually open to control steam generator
pressure at hot standby pressure (which is above normal 1N0% power steam

. generator pressure).

RT 4-13 CEN-152 Rev. 03 Sub 1
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Steam Generator Level (Fig. 4-7)

After a reactor trip the steam generator level decreases rapidly. This is
explained as follows. Steam generator level is inferred from the steam
generator downcomer level. DOuring normal 100% power operation, the steam
generator has a recirculation ratio of approximately 4 to 1 (ratio of water
returning to the downcomer from the dryers and separators to feedwater enter-
ing the downcomer). This accounts for a major portion of the water level
entering the downcomer. When steam flow is stopped by the turbine trip,
recirculation stops. The reduced flowrate into the downcomer results in
reduced head losses through the downcomer and up the riser section. The
downcomer water level, and thus the steam generator indicated level, both
drop. This drop in level will occur even befcre the feedwater cystem auto-
matically readjusts.

Plant operators should be cautioned not to overreact to this lowered level in
the steam generators. Excessive feeding of the steam generator with cooler
feed to recover level results in RCS temperatures being driven down below the
desired no load value. This could cause pressurizer level to fall to a point
where the pressurizer is drained. RCS pressure will then drop until the
safety injection system is actuated. This complicates the recovery from a
simple reactor trip considerably.

RT 4-14 CEN-152 Rev. 03 Sub 1
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FIGURE 4-2
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RCS RANGE TEMPERATURES, DEG F

FIGURE 4-3
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FIGURE 4-4
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FIGURE 4-6
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Guideline Strategy and Tnformation FLow

Figure 4-8 provides a summary description of the Reactor Trip (RT) Recovery
Guideline strategy and information flow. Prior to implementing the actions
provided in the RT Recovery Guideline, the operator would have performed the
Standard Post Trip Actions and concluded that an uncomplicated reactor trip
had occurred. In the RT Recovery Guideline the operator begins using the
safety function status check to confirm that the plant is recovering. RT
Recovery actions provide instructions on regaining and maintaining RCS pres-
sure, inventory control, and RCS heat removal.

A more detailed RT strategy chart (refer to Figure 4-10) is detailed later.

[t Tists the guideline steps which correspond to each strategy objective.
Steps which are performed at any time during the course of the event are shown
by affixed asterisks.
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Bases fon Operator Actions

The operator actions are directed at bringing the plant to a safe, stable
condition follewing an uncomplicated reactor trip and ensures that a proper
heat sink for the reactor is being maintained.

1. The execution of all standard post trip actions is verified. This
assures that the safety functions have been initially attended to.

2. The operator is required to continually verify that safety functions are
being satisfied by comparing control board parameters to the criteria in
the Safety Function Status Check. This ensures that the safety functions
are being satisfied and the core is being adequately cooled.

e [f the safety functions are satisfied, then this procedure is adequately
mitigating the effects of the RT which are occurring. Thus, the imple-
mentation of the remaining actions of this guideline is continued. If
the diagnosis of an uncomplicated reactor trip is found to be in error
{i.e., any of the safety functions are not being satisfied), then the
procedure is not adequately mitigating the event. If another event is
diagnosed, the operator exits the RT guideline and implements the appro-
priate guideline. If a diagnosis cannot be made, then the Functional
Recovery Guideline (FRG) is implemented. The FRG is functionally ori-
ented and will ensure all safety functions are attended to regardless of
what event(s) is occurring.

4, The PLCS is verified to be automatically controlling or restoring pres-
surizer level. If not, charging and letdown are operated manually to
ansure pressurizer level is being maintained. This action verifies that
the RCS inventory contrcl safety function is being performed.

5. The PPCS is verified to be automatically controlling or restoring RCS
pressure within the limits of Figure 4-1. If not, pressurizer heaters
and main (preferred) or auxiliary spray are operated manually to control
pressurizer pressure. This action verifies that the RCS pressure control
safety tunction is being performed.

4-23 CEN-152 Rev. 03 Sub 1
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6. Steam generator pressure should be controlled by the turbine bypass
system. f condenser vacuum is lost, the turbine bypass system is not
available, or the MSIVs have closed, then 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 maintaining
RCS heat removal.

7. Steam generator level is restored and controlled in the normal level band
using [main or auxiliary] feedwater to provide for RCS heat removal.

8. At this point in the recovery, the operator should decide if a plant
cooldown is necessary.

If the continued availability of any systems required for maintenance of
hot standby is in doubt, a cooldown may be appropriate. For example, if
the available condensate inventory is marginally adequate, a cooldown
should be performed in order to avoid running out of condensate before
the shutdown cooling system can be placed intc operation. Similarly,
consideration should be given to the availability of compressed air and
cooling water systems as well as the continued availability of electrical
power. A cooldown may also be required before any necessary repairs can
be made.

[f it is decided that a cooldown is not necessary, the plant should be
maintained in a safe, stable state until the operators and the support

staff determine which procedure to implement.

Safety Function Status Checks

Figure 4-9 provides the bases for the RT Safety Function Status Check. The
Safety Function Status Check is designed to ensure that the cperator is using
the correct procedure, and the actions of that procedure are satisfying all
relevant safety functions and maintaining adequate core cooling.

RT 4-24 CEN-152 Rev. 03 Sub 1
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SAFETY FUNCTION STATUS CHECK BASES
REACTOR TRIP
Figure 4-9a

The safety functions listed below and their respective criteria are those used to confirm the adequacy of
the RT Guideline in mitigating the event.

SAFETY ACCEPTANCE
FUNCTION CRITERIA INDICATION RANGE BASES
Reactivity Reactor Power Decreasing Power Range [0-125%] For all emergency events, the
Control and reactor must be shutdown. The
[Negative Startup Rate] Power Rate [-1 + 7 dpm] criteria that no more than one CEA
and be stuck out or the RCS be borated
Not more than 1 CEA Bottom CEA Status On/Off Light observes typical Technical Specifi-
Light Not Lit or Borated Display for each CEA cation requirements.

per Tech Specs

Maintenance of

Vital Auxiliaries [cemmecmmmmcm e Plant SpecifiC-===-mmcmmmmmm e >]
(AC & DC Power)

RCS Inventory [35"] = Pressurizer Level Pressurizer [0"-350"] A value of [245"] ([70%] of range)
Control < [245"] Level was chosen as an upper limit for
o and pressurizer level to account for
Charging and Letdown are instrument inaccuracies and other
being operated manually or uncertainties. A value of [35"]
automatically to maintain ([10%2] of range) was chosen as a
or restore pressurizer level lower limit to account for instru-
ment inaccuracy.
and
RCS > [20°F] Subcooled A [20°F] subcooling margin coexist-
. and ing with a pressurizer level in the
[No reactor vessel voiding [RVLMS] [0-100%] range [35" to 245"] indicates
as indicated by the RVLMS% adequate RCS inventory control via

a saturated bubble in the pressur-
izer.
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SAFETY FUNCTION STATUS CHECK BASES

REACTOR TRIP
Figure 4-9b

The safety functions listed beiow and their respective criteria are those used te confirm the adequacy of
the RT Guideline in mitigating the event.

SAFETY ACCEPTANCE
FUNCTION CRITERIA INDICATION RANGE BASES
RCS Inventory An uncomplicated reactor trip
Control (Cont'd) should not result in reactor vessel
voiding.
RCS Pressure [1700 psia] < Pressurizer Pressurizer [1500-2500 [1700 psia] corresponds to the SIAS
Control Pressure < [2350 psia] Pressure sial/ alarm setpoint. [2350 psia] is the
and 0-1600 psia] high pressure alarm setpoint. Best
Pressurizer heaters and estimate analysis shows that the
spray are being operated selected events will fall within the
manually or automatically above range.
to maintain or restore
pressurizer pressure to
within the limits of the
P/T curves, Figure 4-1.
Core Heat Removal T, - T. < [10°F] Ty [520°-610°F] Best estimate analysis demonstrates
and that S/G AT will be less than [10°F]
RCS > [20°F] subcooled Te [0°-600°F] in the steaming loop with RCPs
. running and at least ore S/G steam-
[Subcooled [0°-100°F] ing. ?20°F] subcooled margin is
Margin based on engineering judgement to
Monitor] assure adequate core cooling account-

ing for temperature variations in the
RCS. Best Estimate analysis shows
that the noted events will fall in
the selected ranges.
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SAFETY FUNCTION STATUS CHECK BASES

REACTOR TRIP
Figure 4-9c

The safety functions listed below and their respective criteria are those used to confirm the adequacy of

the RT Guideline in

mitigating the event.

SAFETY ACCEPTANCE
FUNCTION CRITERIA INDICATION RANGE BASES
RCS Heat Removel a) At least one S/G has Steam [+63.5" - Decay heat levels may not be high
level: Generator (-)116.5"] enough to require a feedwater flow
i) within the normal Level of [150 gpm]. If this is the case,
level band with once steam generator level is
feedwater available returned to the zero power level
to maintain the band and feedwater remains available
level to maintain that level, then RCS
or heat removal is being satisfied.
i1) being restored by a
feedwater flow > [545°F] is based on control program
[150 gpm] for atmospheric dump valves and
and turbine bypass valves, and best
b) RCS Tave is < [545°F] estimate analysis.
Containment Containment Pressure Containment [0-60 psig] [1.5 psig] is based on the contain-
Isolation < [1.5 psig] Pressure [0-15 psig] ment pressure alarm. It is not
expected, for the selected events,
that containment pressure will
and increase to the aiarm setpoint.
No Containment Area Containment Alarming - During an uncomplicated reactor trip
Radiation Monitors Alarming Area Radia- Not Alarming there should be no radiation in con-
tion Moni- tainment. The indicators should not
and tors be alarming.

No Steam Plant Activity
Monitors Alarming

Steam Plant
Radiation
Monitors

Alarming -
Not Alarming

Steam plant activity is an indica-
tion of an SGTR and is not antici-
pated for a RT.
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SAFETY FUNCTION STATUS CHECK BASES

REACTOR TRIP
Figure 4-9d

The safety functions listed below and their respective criteria are those used to confirm the adequacy of
the RT Guideline in mitigating the event.

SAFETY ACCEPTANCE
FUNCTION CRITERIA INDICATION RANGE BASES
Containment Containment Pressure Containment EO—GO psig] [1.5 psig] is based on the contain-
Temperature and < [1.5 psig] Pressure 0-15 psig] ment pressure alarm. It is not
Pressure Control expected, for the selected events,
that containment pressure will
and increase to the alarm setpoint.
Containment Temperature Containment [50°-300°F] Maximum normal expected average
< [120°F] Temperature containment air temperature.
Containment Containment Pressure Containment [0-60 psig% Maintaining normal containment
Combustible Gas < [1.5 psig] Pressure 0-15 psig conditions provides an indirect
Control indication that conditions
required for H2 generation do not
and exist.
Containment Temperature Containment [50°-300°F]
< [120°F] Temperature
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Event Strategy

This section contains the RT operator actions strategy flow chart Figure 4-10.
The flow chart pictorially depicts the strategy around which the RT guideline
is built. It is intended to assist the reader in understanding the intent of
the guideline writer and for use in training. Operators should understand
what the major objectives of the guideline are in order to permit them to
evaluate their progress toward those goals.

The strategy charts show the recovery guideline strategy in detail and lists
the guideline steps which correspond to each strategy objective. Some steps
in the guideline may be performed at any time during the course of an event.
These steps are shown by affixed asterisks.
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COMBUSTION ENGINEERING TITLE  Loss of Coolant

EMERGENCY PROCEDURE Accident Recovery

GUIDELINES Page_z.. of 2 Revision Oi.

PURPOSE

This guideline provides operator actions which must be accomplished in the
event of a loss of coolant accident. The actions in this quideline are
necessary to ensure that the plant is placed in a stable, safe condition. The
goals of this guideline are to mitigate the effects of a loss of coolant event
and to establish either long term core cooling using the safety injection
syster:, or, where possible, establish core cooling using the shutdown cooling
system. The guideline achieves this goal! while maintaining adequate core
cooling and minimizing radiological releases to the environment. This
guideline provides technical information to be used by utilities in developing
a plant specific procedure.

ENTRY CONDITIONS

1. The Standard Post Trip Actions have been performed

and

Plant conditions indicate that a loss of coolant accident has occurred.
Any one of the following may be present:

n
.

a) Pressurizer level low (for a break in the pressurizer the level may
be high).

b) Safety injection system (SIS) actuated automatically.

c) Increase in containment pressure, temperature, radiation, humidity
and containment sump level,

d) High quench tank level, temperature, or pressure.

e) [Other plant specific symptoms, insert here.]

I
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EXIT CONDITICNS

This

guideline should be exited if any of the following conditions are met:

The diagnosis of a Toss of coolant accident is not confirmed.

R
Any of the Loss of Coolant Accident Safety Function Status Check
acceptance criteria are not met.

OR
The RCS has been cooled and depressurized to the shutdown cooling system
energy conditions and an appropriate approved procedure for implementing
shutdown cooling exist or has been provided by the [Plant Technical
Support Center or the Plant QOperations Review Committee].

O0R
The break has been isolated, and the plant is in a controlled and stable
condition, and an appropriate approved procedure to implement exists or
has been provided by the [Plant Technical Support Center or the Plant
Operations Review Committee].

B |
|
|
]

e e e e e
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OPERATOR ACTIONS

1. Verify that the Standard Post Trip Actions have been performed.

2. Confirm the diagnosis of a loss of coolant accident by:
(a) Referring to the Break Identification Chart (Figure 5-2)
and
b) Verifying the Safety Function Status Check criteria are satisfied.]

3. Sample both steam generators for activity.

*4, If the initial diagnosis of an LOCA is confirmed, Then continue with the
actions of this guideline.

*5. If the diagnosis indicates that an SGTR or an ESDE has occurred, Then
exit the LOCA Guideline and implement the actions of the SGTR or ESDE
guideline.

If, diagnosis can not be made, Then exit this guideline and implement the
Functional Recuvery Guideline.

*6. If pressurizer pressure decreases to less than the SIAS setpoint, Then
ensure an SIAS is initiated.

*7. If pressurizer pressure decreases to less than [1300 psia] following an
SIAS, Then ensure all four RCPs are tripped.

*8. Verify that all safety functions are being satisfied by comparing control
board parameters to the criteria in the Safety Function Status Check.

* Step Performed Continuously

e —————
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*9.

10.

*11.

12.

If the safety functions are satisfied, Then continue with the actions of

this guideline.
If not, then exit the LOCA guideline and implement the Function Recovery
Guideline.

Record the time of day.

Take steps to ensure maximum safety injection (Figure 5-3) and charging
flow to the RCS by:

a)
b)
c)
d)

restoring electrical power to valves and pumps,
restoring correct SIS valve lineup if misaligned,
restoring other necessary auxiliary systems,
starting idle SIS and charging pumps.

Attempt to isolate the leak by performing the following:

a)

d)

[If pressurizer pressure is below 2400 psia, then verify that the
PCRYs are closed. If not, manually close the PORVs or close the
PORYV block valves.]

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

Verify sample lines are isolated. If necessary, manually isolate
sample lines.

[If there are other possible sources of leakage that can be rapidly
and remotely isolated, then insert that information here.]

* Step performed continuously.

TS A ——
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13. [li the containment combustible gas control system utilizes external

*14.

*15.

*16.

hydrogen recombiners, Then take steps to have the recombiners made

available and aligned for use].

If the RCPs were stopped, Then determine whether RCP restart criteria are
met by the following:

a)

b)
c)
d)

At least one steam generator is avai]aﬁ]e for removing heat from the
RCS

Pressurizer level is greater than [200"] and not decreasing

The RCS is at least [20°F] subcooled (Figure 5-1)

[Other criteria satisfied per RCP operating instructions].

If RCP restart criteria are met, Then do the following:

a)

b)
c)

Start all available HPSI and charging pumps, or verify their opera-
tion

Start one RCP in each loop

[Ensure proper RCP operation by monitoring RCP amperage and pump
NPSH. NPSH is determined by pressurizer pressure and corresponding
Tc or Figure 5-1].

Operate HPSI (Figure 5-3) and charging pumps until pressurizer level
is greater than [100"] and SIS termination criteria are met,

If all RCPs have been stopped, Then verify natural circulation flow is

being maintained in at least one loop. The following criteria must be

met to demonstrate adequate natural circulation flow:

a)
b)

Loop AT (TH - Tc) less than normal full power AT
Cold leg temperatures constant or decreasing

* Step Perforned Continuously.

I

LOCA
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¢) Hot leg temperatures stable (i.e., not steadily increasing) or
decreasing

d) No abnormal differences between TH RTDs [and core exit thermo-
couples].

*17. If all RCPs are stopped and the criteria of step 16 are not met, Then
continue RCS heat removal using at least one steam generator and attempt

to restore RCS inventory and pressure using SIS and charging.

*18, If the SIS is operating, Then it may be throttled or stopped, one train
at a time, if the following criteria are satisfied:

a) RCS is at least [20°F] subcooled (Figure 5-1)
Pressurizer level is greater than [100"] and not decreasing,

¢) At least one steam generator is available for removing heat from the
RCS

d) [The RVLMS indicates the core is covered].

*19. If the criteria of step 18 cannot be maintained after the SIS has been
stopped, Then the SIS must be restarted.

*20. Verify containment isolation at [4 psig] or [other plant specific criter-
ia]. (Be alert to the loss of RCP cooling water and loss of other
auxiliaries which may occur.)

el it

a)

containment pressure exceeds [4 psig]

* Step Performed Continuously.
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Then:

a)

b)

start all available containment emergency fan coolers in their
emergency configuration with maximum available component cooling
water,

and
verify that all available normal containment equipment cooling and
air recirculation systems are operating

*22. Place the hydrogen monitors in service.

*23. If containment pressure is greater than [iu psig]

Then

ensure adequate containment temperature and pressure control using

one of the following containment cooling system configurations:

[a) at least three containment fan coolers operating in the emergency
mode
or
b) at least two containment fan coolers operating in the emergency mode

and at least one containment spray header delivering at least 1500 gpm

c) t
*24, [If

the ¢
Then

* Step Per

or
wo containment spray headers each delivering at least 1500 gpm].

-

ontainment sprays have been actuated,
take steps to energize the hydrogen recombiners].

formed Continuously.

LOCA
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*28.

*26.

8

*28.

*29.

*30.

[If containment hydrogen concentration is greater than [0.5%], then take

stens to energize the hydrogen recombiners].

Monitor containment radiation level in order to evaluate environmental
releases. It may be desirable to operate the Iodine Removal System to
decreace airborne radiation levels in the containment.

If the [Plant Technical Support Center] has reviewed and recommended
Hydrogen Purge,
Then start the hydrogen Purge System.

1f the containment hydrogen concentration is less than [3.5%], Then
terminate operation of the hydrogen purge system.

[If the containment hydrogen concentration is less than [0.5%], Then
terminate operation of the hydrogen recombiners].

If the containment sprays have been actuated, and

Containment pressure is less than [7 psig]

Then the containment spray can be terminated. [Containment spray maybe
continued or restarted in order to operate the Iouine Removal System]
Upon termination, the CSS must be realigned and reset for automatic
actuation [or manual restart]

* Step Performed Continuously.

!

LOCA
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3l.

32.

33.

34.

35.

36.

If the leak has not been isolated, Then go to step 38 and perform steps
38 through 59.

1f the leak has been isolated, Then go to step 33 and perform steps 33
through 37.

Verify that the PPCS is automatically maintaining or restoring RC
pressure within the limits of Figure 5-1.

If not, manually operate pressurizer heaters and main (preferred) or
auxiliary spray to control pressurizer pressure.

Verify that the PLCS is automatically maintaining or restoring pressur-
izer level.

If not, manually operate charging and letdown to restore and maintain
normal pressurizer level.

Maintain RCS cooling by supplying [main or auxiliary] feedwater to the
steam generators and discharging steam, preferably tc the condenser, via
the turbine bypass valves or, if the condenser is unavailable, to atmos-
phere via the atmospheric dump valves.

If plant conditions permit, Then bypass automatic initiation of [MSIS,
CIAS, CSAS and SIAS by lowering the setpoint as the cooldown and depres-
surization proceed].

* Step Performed Continuously.

SRR

LOCA
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3.

38.

39.

*40,

*4].

42.

Evaluate the need for a plant cooldown based un plant status, auxiliary
systems availability, and condensate inventory.

If a cooldown is not required, Then maintain the plant in a stabilized
condition.

If the entry conditions of an appropriate procedure are met, Then the
operator may exit this guideline and implement that appropriate
procedure.

If conditions require a cooldown, Then exit this guideline and conduct a
cooldown to SCS initiation conditions using forced or natural
circulation.

If the break has not been isolated, Then perform steps 39 through 59.

Commence a rapid cooldown. Cooldown to [300°F], or less, at a rate
within the Technical Specification Limits by (listed in order of prefer-
ence):

a) the turbine bypass system and [main or auxiliary] feedwater,
or
b) the atmospheric dump valves and [main or auxiliary] feedwater.

Monitor the condensate inventory during the cooldown to ensure an ade-
quate supply. Refer to Figures 5-4 and 5-5.

Initiate the low temperature overpressurization protection (LTOP) system
at [275°F].

Depressurize the RCS within the 1imits of Figure 5-1 to a pressurizer
pressure of [300 psia] or less, using (listed in order of preference):

a. Main pressurizer spray
b. Auxiliary pressurizer spray

* Step performed continuously or as conditions require.

LOCA
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*43.

44,

a5,

*46.

*47.

48.

c. Control of charging and letdown flows
d. Operating and/or throttling SIS flow (if the criteria of step 17 are
met).

Isolate, vent or drain the safety injection tanks (SITs) at [250 psia]
RCS pressure.

Restore and maintain pressurizer level in the indicating range ([35 to
245"]) unless it is necessary to go solid to restore RCS subcooling, by
(listed in order or preference):

a) Control of charging and letdown
or
b) Operating and/or throttling SIS.

Llj}the charging pumps are taking suction from a concentrated boron
source, Then realign suction to the RWT or other suitable source within 1
hour after the start of the loss of coolant accident.]

Monitor [refueling water tank] level. If the [refueling water tank]
level falls to [10%], Then verify initiation of recirculation.

If necessary, manually initiate recirculation with one SIS train at a
time [and close RWT outlet valves to the safety injection system].

1f the HPSI pumps are delivering less than [30 gpm] per pump during
recirculation, Then turn off one charging pump at a time and then one
HPSI pump (turn off the HPSI pump with the lTower indicated flow) at a
time until the remaining HPSI pumps are delivering more than [30 gpm] per
pump. At least one HPSI pump should be kept operating at all times
unless SIS termination criteria of step 18 are met.

If plant conditions permit, Then bypass automatic initiation of [MSIS by
lowering the setpoint as the cooldown and depressurization proceed. ]

e

~atep performed continuously,

LCCA
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49. At [2-4 hours] after the start of the loss of coolant event, the align-
ment of the [SIS] for simultaneous hot and cold leg injection should be
made, unless the criteria of step 50 can be met before the [4 hour] time
limit. In that case, go to step 50. Verify SIS flow per Figure 5-3.

*50. Determine if the following shutdown cooling system entry conditions are

met:

a. Pressurizer level greater than [100"] and constant or increasing
b. The RCS is at least [20°F] subcooled (by T, and TC)

c. RCS activity level within [plant specific limits]

d. T, in both loops [300°F] or less

e. Pressurizer pressure [300 psia] or less

f. [Other plant specific limits]

51. If the entry conditions of step 50 are met, Then:

a. Realign SIS for cold leg injection (if current alignment is for hot
and cold leg injection)
AND
b. Exit this guideline and implement shutdown cooling after obtaining
any special precautions or procedure modifications from the [Plant

Technical Support Center or Plant Operations Review Committee] which may
be required to accommodate the LOCA condition.

*52. If voiding inhibits RCS depressurization to SCS entry pressure, Then an

attempt at eliminating the voiding should be made.

Voiding in the RCS may be indicated by any of the following indications,
parameter changes, or trends:

* Step performed continuously.

5-13 CEN-152 Rev. 03 Sub 1
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a) letdown flow greater than charging flow,

b) pressurizer level increasing significantly greater than expected
while operating pressurizer spray,

c) [the RVLMS indicates that voiding is present in the reactor vessel],

d) [other indications, insert here].

*53. If voiding should be eliminated, Then proceed as follows:

a) verify letdown is isolated,

b) stop the depressurization and, if required, repressurize the RCS to
> [20°F] subcooling,

c) pressurize and depressurize the RCS within the limits of Figure 5-1
by operating pressurizer heaters and spray (preferred method) or
HPSI and charging pumps (alternative method). Monitor pressurizer
level [and the RVLMS] for trending of RCS inventory.

d) if indications of unacceptable RCS voiding continue, and voiding is
suspected to exist in the (isolated) steam generator tubes, then
cool the (isolated) steam generator (by steaming or blowdown, and/or
feeding) to condense the steam generator tube bundle void. Monitor
pressurizer level for trending of RCS inventory.

e) if indications of unacceptable RCS voiding continue, then [operate
the pressurizer vent and/or the reactor vessel head vent tol clear
trapped non-condensible gases. Monitor pressurizer level [and/or
the RVLMS] for trending of RCS inventory.

54. When SCS entry conditions (RCS pressure < [300 psia] and RCS TH <
[300°F])
are established, Then initiate SCS operation per plant specific operating
instructions,

55. If shutdown cooling system operation is not currently possible, Then
perform steps 56 through 59.
* Step performed continuously.

st —
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56. Maintain SIS operation in one of the following modes:

a) If time since the event initiation is less that [2 hours], Then cold
leg injection.

b) If time since the event initiation is greater than [2 hours], Then
hot and cold leg injections.

57. Maintain RCS heat removal until operating S/G(s) pressure is [50 psia] or
less using the following methods (listed in order of preference):

a) If the condenser and the [main or auxiliary] feedwater system is
available, Then maintain RCS heat removal by using the turbine
bypass system.

b) If the condenser or turbine bypass system is not available, Then
maintain RCS heat removal by way of the atmospheric dump valves
using either the [main or auxiliary] feedwater system.

c) [Maintain steam generator cooling using alternate methods of second-
ary feedwater supply while discharging steam to the condenser or

atmosphere. ]

58. If CET temperature is increasing, or in the superheated range (by Figure
5-1), Then establish one-through-cooling by the following:

a. Establish cold leg injection.

* Step performed continuously.
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b. Maximize cold leg safety injection (Figure 5-3) and charging flow
by:

i) restoring electrical power to valves and pumps
ii) restoring correct SIS valve lineup if misaligned
ii1) restoring other necessary auxiliary systems

iv) starting idle SIS and charging pumps

¢. Monitor CET temperature to ensure it is constant or decreasing, or
decreasing if superheated.

d. [If CET temperature is increasing, open both PORVs].

59. Continue to evaluate the criteria in steps 50, 56, 57 and 58 in order to
establish a more preferred cooling method. The available methods (in

‘ order of preference) are:
a. Shutdown cooling (Step 50)
b. Steam generator(s) (Step 57)
c. Safety injection (Step 56)
d. [Once-through-cooling (Step 58)].

When the steps of the LOCA Guideline are complete, the plant should be in
a condition where all the Safety Functions are being maintained (i.e.,
the SFSC criteria are met) and the RCS is either in long term cooling
(i.e., recirculation through the SIS) or in shutdown cooling. Further
recovery actions must be identified by the plant technical support staff.

END

‘ * Step performed continuously.
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SUPPLEMENTARY INFORMATION

This section contains items which should be considered when implementing EPGs
and preparing plant specific EOPs. The items should be implemented as precau-
tions, cautions, notes, or in the EOP training program.

1. During all phases of the cooldown, monitor RCS temperature and pressure
to avoid exceeding a maximum cooldown rate greater than Technical Speci-
fication Limitations.

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. A1l available indications should be used to aid in the evaluation of
plant conditions since the accident may cause irregularities in a partic-
ular instrument reading. Instrument readings must be corroborated when
one or more confirmatory indications are available.

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

5. For small breaks in the RCS where the steam generators are important for
heat removal, one steam generator must be used for this purpose even if
primary to secondary leaks are detected. Use the unaffected steam
generator, or the least affected steam generator, if both have primary to
secondary leaks.

6. The operator should be cautioned against prematurely initiating an RAS.
This manual action should not be taken unless an automatic RAS is re-
quired.

LOCA 5-17 CEN-152 Rev. 03 Sub 1
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10.

11.

12.

13.

If the initial cooldown rate exceeds Technical Specification Limits, then
there may be a potential for pressurized thermal shock (PTS) of the
reactor vessel. Post Accident Pressure/Temperzture Limits should be
maintained within the 1imits of Figure 5-1.

Minimize the number of auxiliary spray cycles whenever the temperature
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 accord-
ance with Technical Specification Limitations.

[Monitor quench tank parameters since any sustained operation of the
PORVs may burst the tank's rupture disc.]

Verification of an RCS temperature response to a plant change during
natural circulation cannot be accomplished until approximately 5 to 15
minutes following the action due to increased loop cycle times.

Solid water operation of the pressurizer should be avoided unless [20°F]
of subcooling cannot be maintained in the RCS (Figure 5-1). If the RCS
is solid, closely monitor any makeup or draining, and any system heatup
or cooldown, to avoid any unfavorable rapid pressure excursions.

Hot leg and cold leg RTD temperature indication may be influenced by
charging pump or SIS injection water temperatures. Use multiple RTD
indications [and/or CET indications] for temperature when injection is
occurring.

During the process of establishing entry conditions (RCS pressure and
temperature) for SCS operation, it may be necessary to eliminate or
reduce the size of the steam vcid in the reactor head. Ensure sufficient
condensate availability to continue steam generator heat removal until
the RCS pressure and temperature are reduced sufficiently, and SCS
operation is accomplished.

LOCA
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14,

15.

16.

When a void exists in the reactor vessel, and RCPs are not operating, the
RVLMS provides an accurate indication of reactor vessel liquid inventory.
When a void exists in the reactor vessel, and RCPs are operating, it is
not possible to obtain an accurate reactor vessel liquid level indication
due to the effect of the RCP induced pressure head on the RVLMS. The
indicated level also differs for different RVLMS designs under these
conditions. Information concerning reactor vessel liquid inventory
trending may still be discerned. However, the operator is cautioned not
to rely solely on the RVLMS indication when RCPs are operating.

The operator should continuously monitor for the presence of RCS voiding
and take steps to eliminate voiding any time voiding causes the heat
removal, or inventory control, safety functions to be violated.

For those plants which use the Containment Spray System (CSS) in
conjunction with the Iodine Removal System (IRS), operation of the CSS
may be desirable in the event of an iodine buildup in containment.

Since iodine may be released to the containment atmosphere at various
times following event initiation, (e.g., released directly from the core
to a large LOCA, reevolved from iodine plated out on containment
surfaces; or released during reactor vessel venting to the containment)
and since the CSS is activiated automatically on containment pressure,
its actuation may not correspond to the time of peak containment iodine
levels (if it is actuated at all). The CSS may be run to reduce
containment airborne iodine to acceptable or minimum levels unless the
following indicate otherwise:

[1. If there were a leak in containment below sump water level, it might
be more desirable to leave the iodine atmospherically suspended.

B e e

LOCA
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17.

18.

2. If sump water is highly radicactive, it may not be desirable to
circulate it outside the containment.]

[For those IRS's using hydrazine, it may be necessary to further increase
sump water pH (beyond that achieved by trisodium phosphate in the sump)
to increase long-term (4 hours post-LOCA) iodine retention in the sump.
An alternate method of adding a pH buffer (typically sodium hyrdoxide) is
by establishing a flowpath with the charging pumps].

For those plants which use charcoal filters in the containment fan
coolers for iodine removal, operation of the filtered fan units may be
desirable in the event of an iodine buildup in containment.

During some events, the containment fan coolers may be required to
operate in the emergency mode even though the containment temperature and
pressure are not increasing. [This will occur during events which do not
include an inside containment break, but generate a CIAS on low
pressurizer pressure].

Re-alignment of the containment cooling system to the normal operating
mode should not be made without given careful consideration to the
possibility that the containment temperature or pressure may increase at
a later time (this is especially important for those events which are
undiagnosed).

Operation of any equipment in the containment building when containment
hydrogen concentration > [4%] should consider the possibility of hydrcgen
ignition. Consideration should be given to the following:

The importance to safety of equipment operation
The urgency of ecuipment operation
The use of alternative ecuipment located outside containment

a o o o

The current hydrogen level and the anticipated time to reduce
Hy < [4%].

LOCA
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19.

20.

[Any cautions provided by the hydrogen recombiner vendor concerning
operation of the recombiner with a degraded containment environment
should be inserted here].

Measured containment hydrogen typically represents a value of hydrogen in
units of percent by volume of dry air. The measured hydrogen will
typically indicate higher than the actual containment hydrogen for a
steam/air mixture inside containment. The indicated value should,
therefore, be corrected to account for any steam/air mixture inside
containment.

LOCA
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COMBUSTION ENGINEERING

GUIDELINES

EMERGENCY PROCEDURE

TITLE

Loss of Coolant
Accident Recovery

Page_.2.7. of Y Revision

03

SAFETY FUNCTION STATUS CHECK

Sagety Function

Reactivity Control

Maintenance o Vital Auxiliaries
(AC and DC Powen)

RCS Inventory Control

2.

Acceptance Criterdia

Reactor power decreasing
and

. [Negative Startup Rate]

and
Not more than 1 CEA bottom 1ight
not 1it or borated per Tech

Specs.

[Plant specific criteria, insert
here].

. 1f pressurizer level is [35 to

245"], Then:
i) charging and letdown are
being operated automatic-
ally, or manually, to
maintain or restore pressur-
izer level

and
the RCS is at least [20°F]
subcooled

ii)

and
[the RVLMS indicates the
core is covered]

iii)

on

. 1f pressurizer level is less than

[35"], Then [all available
charging pumps are operating and]
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COMBUSTION ENGINEERING

EMERGENCY PROCEDURE

GUIDELINES

TITLE

Loss of Coolant

Accident Recovery

Page 2% of _*" Revision

SAFETY FUNCTION STATUS CHECK

Sagety Function

3. RCS Inventory Controf (Cont'd)

4, RCS Pressurne Control

5. Conre Heat Removal

(Cont'd)

Acceplance Criterda

on

the SIS pump(s) are injecting
water into the RCS per Figure

. Either pressurizer heaters and
spray, or charging pumps and SIS
pumps, are being operated
automatically, or manually, to
maintain or restore pressurizer
pressure within the limits of
Figure 5-1.

. [A11 available charging pumps are
operating and] the SIS pump(s)
are injecting water into the RCS
per Figure 5-3 (unless SIS
termination criteria are met).

Ty RTD [and Core Exit Thermo-
couple] temperatures less than
(700°F].
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COMBUSTION ENGINEERING

EMERGENCY PROCEDURE

GUIDELINES

TITLE

Loss of Coolant
Accident Recovery

Page -2 of 2" Revision

03

———
1

SAFETY FUNCTION STATUS CHECK (Cont'd)

Safety Function

Acceptance Criterdia

6. RCS Heat Remcval 6.a. At least one steam generator has
level:
i) within the normal Tevel band (
w L feedwater available to |
maintain level l
or )
ii) being restored by feedwater |
flow greater than [150 gpm]. ?
and ;
b. RCS Tave is less than [545°F] and !
controlled !
o |
¢. [A11 available charging pumps are
operating and] the SIS pump(s)
are injecting water into the RCS
per Figure 5-3 (unless SIS
termination criteria are met).
7. Conta<nment Isclation 7.a. 1) Containment pressure less
than [4 psig]
and
ii) No containment area radia-
tion monitors alarming
and ‘
i1i) No steam plant activity '
monitors alarming ‘
or |
b. CIAS present or manually initi- ;
ated. ;
|
]
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COMBUSTION ENGINEERING
EMERGENCY PROCEDU
GUIDELINES

RE

[TITLE

Loss of Coolant
Accident Recovery

Page 2% of 2% Revision e

03

SAFETY FUNCTION STATUS CHECK (Cont'd)

Sagety Function

§. Containment Temperature
§ Pressure

9, Containment Combustible Gas
Controf

Acceptance Criterdia

. 1) Containment temperature less

than [240°F)
and
ii) Containment pressure less
than [10 psig]
or

. The containment cooling system

is operating in one of the
following configurations:

[ i) Three fan coolers in the

emergency mode
ii) At least two fan coolers

in the emergency mode and
at least one containment
spray header delivering at
least 1500 gpm

i11) Two containment spray
headers each delivering
at least 1500 gpm]

- H2 concentration less than [0.5%]

on
[A11 available hydrogen recombiner
energized’

and

. Hydrogen concentration less thar

(4%]
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BASES

The bases section of the loss of coolant accident (LOCA) emergency
procedure guideline describes the LOCA transient in relation to the
actions which the operator takes during an LOCA. The purpose of the
bases section is to provide the operators with information which will
enable them to understand the reasons for, and the consequences of, the
actions they take during an LOCA.

Characterization o4 an LOCA

An 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
results in a loss of RCS fluid at a rate that is just in excess of the
available charging capacity of the plant.

Small and large break LOCAs differ in their effect on the post-LOCA RCS heat

removal process. For a large break the only path necessary for RCS heat
removal in both the short and long term, is the break flow with core boiloff.
For small breaks, heat removal via the flow out the break is not sufficient to
provide cooling, and therefore steam generator heat removal is required. The
guidelines take this into account with the decisions which must be made.
Although distinct small and large break LOCA information is contained in the
bases section of this guideline, the action steps to be used during the actual
emergency do not require the operator to distinguish between break sizes.

An LOCA is characterized by an initial decrease in RCS pressure and inventory.
Subsequent RCS inventory and pressure response depends on the size of the
break. For large breaks inside containment, an increase in containment
temperature and pressure occurs relatively soon after the LOCA. However, a
small LOCA or stuck open PORV may not be detectable on containment temperature
and pressure instruments in the short term. The actions taken by the operator
during an LOCA, and more detailed descriptions of LOCA response, are provided
in the following sections.

CEN-152 Rev. 03 Sub 1
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Safety Functions Agfected

The LOCA primarily affects RCS inventory and pressure control, and RCS
and core heat removal. To a lesser degree, reactivity control, contain-
ment isolation, and containment temperature and pressure control are also
affected. A1l safety functions should be monitored to assure public
safety or detect failures which might lead to unsafe conditions.

RCS inventory control is initially lost since the break flow rate exceeds
the available charging pump capacity. For small breaks, RCS inventory
control is regained via injection from the high pressure safety injection
(HPSI) pumps [and the charging pumps]. It is maintained in the long-term
by injection from these pumps. For large breaks, inventory control is
regained through the injection of water into the RCS by the safety
injection tanks (SITs) and the low pressure safety injection (LPSI)
pumps. It 15 maintained in the long-term through the recirculation of
sump water through the RCS by the HPSI pumps. Note that for large
breaks, the RCS may not totally refill and pressurizer level may not be
regained. If the large break is unisolable, injection is required
continually to make up for the loss out the break and to prevent boron
precipitation.

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
denressurizes in 10 seconds to 3 minutes to pressures typically below 300
psia. In the case of the largest breaks, the RCS pressure will reach
equilibrium with containment pressure, and will be nearly equal to that
pressure. Because of the size of the break, the operator never regains
direct control of RCS pressure and 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 safety injection system (S!S)
retills the RCS and pressurizer level is regained. Once pressure control
is regained, subsequent small break post-LOCA operator actions which are

LOCA 5-32 CEN-152 Rev. 03 Sub 1




12524(83Q10) /kms -3

associated with pressure control are (1) decreasing RCS pressure by means
of auxiliary sprays, (2) controlling HPSI pumps and charging, (3) heat
removal via the steam generators in order to establish shutdown

cooling entry conditions and, (4) isolating or depressurizing the SITs.
For small break LOCAs, during the period of time when the RCS is refilling
(pressure control has not yet been achieved), there may be significant
voiding in the RCS. The voided areas may be located in the reactor
vessel head region [as indicated by the RVLMS], the RCS loops, or the
steam generator u-tubes, and may be made up of steam or non-condensible
gases. Steam voids may occur from fluid flashing in local hot spots
within the RCS. The presence of small amounts of non-condensibles may be
present from sources such as gases evolving from the primary coolant and
pressurizer vapor space. [If their presence is detected in the RCS the
reactor vessel head vent may be operated.] The presence of non-condensible
gases in the steam generator tubes is characterized by a decrease in
primary to secondary heat removal capability. RCS heat removal is not
Jjeopardized by the presence of non-condensibles until a significant
number of steam generator tubes are blocked. A significant number of
tubes will not be blocked unless there is considerable oxidation of fuel
cladding, and this is not expected for the small break LOCA, unless
significant core uncovery occurs.

There are two paths initially available for RCS heat removal: heat
transfer to the secondary side via the steam generators, and heat transfer
via the fluid flowing out the break. Large break LOCAs have sufficient
fluid flowing out the break to provide adequate heat removal without
relying on steam generators. Small break LOCAs do not have sufficient
fluid flowing out of the break to provide adequate heat removal. There-
fore, steam generator heat removal is required in addition to break flow
for adequate heat removal.

The large break LOCA heat removal process is not complex. For cold leg
breaks the SIS refills the reactor vessel (RV) and provides only enough
fluid to the core to match boil off. The excess injected fluid spills

out of the cold leg break. The steam from core boil off passes out the
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hot leg and through the steam generators on its way out the cold leg
break. For the hot leg break, the injected water builds up in the cold
legs and provides the core with water for boil off heat removal and some
single phase cooling. In the long term, heat removal is provided by
simultaneous hot and cold leg injection. This process provides heat
removal for either hot or cold leg large break LOCAs while providing the
added benefit of ensuring adequate flushing of the RV to avoid buildup of
non-volatile materials produced in the boil off cooling process. Figures
5-6 and 5-7 illustrate the heat removal process for large break LOCAs.

The small break LOCA heat removal process is more complex than that
described above for the large break. In the short-term, after the RCPs
are tripped, core heat removal is maintained by natural circulation.
Since the break is not large encugh to adequately remove the heat, heat
removal via a steam generator 1s required. This 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 system or the atmospheric dump valves. Figures 5-8 and
5-9 illustrate the heat removal process for typical small break LOCAs.
The typical percentage of required RCS heat removed by the steam generators
for various break sizes is illustrated in Figures 5-10 and 5-11.

The small break natural circulation process can take different forms.
These forms include single phase ratural circulation and a more complex
two phase natural circulation. The simplest form of natural circulation
is single phase, liquid cooling. Single phase natural circulation is
possible fur cases where RCS inventory and pressure are controlled.
Single phase cooling transports heat using the same flow path involved in
forced circulation cooling with the liquid density difference between SG
and RV driving the flow. Two phase natural circulation involving steam
and water is more complex and can take several forms, which depends on
the amount of decay heat, the amount of inventory and pressure contrcl
degradation, the break size and the status of the SIS and the steam
generators. One form of two phase natural circulation is known as
reflux. In the reflux process, steam leaves the core region and travels
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to the steam generator via the hot leg; the steam is condensed in the
steam generator before reaching the top of the "U" tubes and flows back
to the core via the hot leg where it is once again turned to steam.
Another two phase natural circulation process is similar to reflux but
differs in that the steam from the core goes past the steam generator "U"
bend and is condensed in the tubes on the cold leg side; thus condensate
flows back to the core via the cold leg. A combination of the two
processes is also possible.

LOCA 5-35 CEN-152 Rev., 03 Sub 1
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FRACTION OF RCS ENERGY REMOVED BY STEAM GENERATOR
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for the single phase liquid natural circulation process. The RCS tempera-
ture instrumentation, and loop T can be used along with other information
to confirm that the single phase natural circulation process is effective.
The natural circulation processes involving two phase cooling are complex
and varied enough so that RCS Toop T may not be a meaningful indication
of adequate natural circulation cooling. The guidelines are written to
alert the operator to use explicit acceptance criteria for natural
circulation only when RCS inventory and pressure are controlled.

For cases where two phase natural circulation cooling is the heat removal
process, the operator relies upon maintaining the steam generator heat
removal process and the strict rules that require the SIS to remain
operating to restore inventory control. In addition, the core exit
thermocouple temperature and T, indication are important in monitoring
heat removal during two phase natural circulation cooling. As long as
these temperatures remain within acceptable Timits they indicate that
heat removal and inventory functions are being satisfied.

The transition from single phase liquid natural circulation cooling to

the reflux mode can occur quickly for larger small breaks, or can occur
more slowly for the smaller small breaks. The operator should be aware
that this transition may cause confusing temperature indications as the
RCS Toop Ts readjust to reflect the transition in progress. The emphasis
in the guideiine is to continue the steam generator heat removal process,
continue restoring inventory control, and to continue monitoring the core
exit thermocouples to confirm the heat removal process is adeguate.

The operator has adequate instrumentation to monitor natural circulation

Once RCS pressure and temperature are reduced, RCS heat removal is
provided by the shutdown cooling system. [In the event that the feedwater
supply to the steam generator is exhausted and/or unavailable and the SCS
is inoperable, the PORVs are opened to ensure that the flow from the SIS
is available for RCS heat removal purposes. ]
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Short-term reactivity control is accomplished by the negative moderator
affects for large breaks and by the reactor trip for small breaks. The
reactor trip decreases core heat generation to decay heat levels which
2ids in the control of heat removal. Long-term reactivity control is
accomplished through injection of borated water by the safety injection
system and the charging pumps.

Containment isolation occurs either automatically, or is performed
manually after an evaluation of the plant conditions (containment tempera-
ture, pressure, and activity level; and for plants which generate a CIAS
on SIAS, [pressurizer pressure]).

If the LOCA occurs inside containment, then containment temperature and
pressure control is accomplished by action of the containment fan coolers
(in the emergency mode) and/or the containment spray system. These
systems act to remove heat from the containment atmosphere, reducing the
temperature and pressure.

Containment combustible gas control may become a concern due to hydrogen
generated during LOCA events. The purpose of the Containment Combustible
Gas Control safety function is to prevent the hydrogen concentration in
the containment atmosphere from increasing to the flammable concentration.
A hydrogen burn inside containment could cause damage to the containment
building which provides a barrier to fission product release to the
general public. A hydrogen burn could also damage equipment inside the
containment building.

Three significant sources of hydrogen exist during LOCA events. These
are:

(1) Metal-water reactions involving zircaloy or stainless steel in the RCS

These reactions take place at high temperatures during the initial
phase of a large LOCA. Thus, hydrogen generated will be released to
the containment atmosphere if the primary break is inside containment.

LOCA 5-43 CEN-152 Rev. 03 Sub 1




1252d(83Q10)/kms-14

(2) Radiolysis of water by fission product decay

As a result of the decay of the fission products, water molecules in
the RCS (and possibly in RCS fluid which has been released into the
containment) may be broken down into hydrogen and oxygen. The
hydrogen is released to the containment atmosphere. This is the
most significant long term source of hydrogen.

(3) Corrosion of aluminum and zinc by the containment sprays

The reaction between the aluminum and zinc materials in the containment
with the borated spray solution generates hydrogen. The reactions
occur at higher rates with increasing temperatures. Hydrogen may be
generated in this way during the first hours of a LOCA event.
Figure 5-12 provides the results of a typical safety analysis calculation
of the hydrogen concentration for a large break LOCA event. The initial
increase in hydrogen concentration is due to the metal-water reactions
and the corrosion reactions. The long term increase is due to the
radiolysis of water.

The containment hydrogen concentration can be reduced by recombing
hydrogen and oxygen to form water. The hydrogen recombiners do this by
raising the temperature of the air passing through them to the point
where to recontamination reaction takes place. [Electric heating elements
are used to heat the incoming mixture, while flow through the units is
provided by natural circulation.]

Since the recombination rate (cubic feet of hydrogen removed per hour)
depends on the hydrogen concentration in the atmosphere, use of the
recombiners will result in an exponential decrease in the hydrogen
concentration. Typically, one recombiner will remove one-half of the
hydrogen in [about 12 days], and two recombiners will require [about 6
days]. This removal rate is compatible with the long term hydrogen
generatior rate following a Targe break LOCA due to radiolysis of reactor
coolant water.
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Figure 5-12 provides typical curves showing the effect of one and two
recombiners.

The containment hydrogen concentration can also be reduced by purging the
containment atmosphere with fresh air. The hydrogen purge system accomp-
lishes this by providing controlled intakes and exhausts to the containment

atmosphere.

The hydrogen removal rate (cubic feet of hydrogen removed per hour)
depends on the purge system flow rate, the containment free volume, and
the containment hydrogen concentration. Typically, the hydrogen purge
system will remove one-half of the hydrogen present in [about 22 days].
Higher purge rates will result in higher removal rates. Figure 5-12
provides a typical curve for hydrogen removal by purging. In this case,
the purge rate results in a hydrogen removal rate approximately equal to
the generation rate. A higher purge rate would result in a decreasing
concentration.
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Figure 5-12

Typical Hydrogen Concentration Buildup and Removal
Following a Large Break LOCA
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Trending o4 Key Parameters (Representative of amall break LOCAs)

Reactor Power (Figure 5-13)

The reactor will have tripped on thermal margin/low pressure, and reactor
power will be decreasing as a result of the reactor trip. Additional
negative reactivity insertion will be provided by moderator voiding, and
boron addition by charging pump and/or SIS flow.

RCS Temperature (Figures 5-14, 5-15)

Following the reactor trip, RCS temperature initially decreases for all
size LOCAs due to the reduction in heat input into the RCS, and due to
the heat removed out the break and by the steam generators.

Pressurizen Pressure (Figure 5-16)

Pressurizer pressure initially decreases due to the loss of coolant and
reactor power reduction following reactor trip.

Pressunizen Level (Figure 5-17)

Pressurizer level may decrease or increase. For breaks not located in
the pressurizer, the pressurizer will empty and, depending on the size of
the break, not refill during the course of the accident. Breaks located
in the pressurizer may lead to increased pressurizer level since water
from the hot leg flows into the pressurizer surge line while significant
voiding of the RCS loop is occurring. If there is a break on or near the
pressurizer level instruments, this may cause this instrument to be
grossly inaccurate and misrepresent pressurizer level (high or low).

For small break LOCAs where the pressurizer refills as a result of SIS
injection, pressurizer level may not be representative of RCS inventory
or core coverage. As indicated above, the depressurization associated
with a Teak in the RCS wi’il usually result in the formation of voids in
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RCS hot spots (reactor vessel head, hot legs, S/G tube bundle). The
growth or persistance of these voids, after refill of the pressurizer by
the SIS, may cause pressurizer level to increase or remain constant in
spite of continuing loss of inventory through the break.

Reactor Vessel Level (Figure 5-18)

Some degree of voiding is expected for LOCAs but the extent and duration
is largely dependent on break size and location. Most small break (SB)
LOCA events will not result in core uncovery without some other failure
occurring concurrently. Some small breaks can lead to some core uncovery.
However, when HPSI delivery is established, the core will be covered.

For very small breaks the RCS will repressurize to slightly below the
shut-off head of the HPSI pumps and voiding will not uncover the core.

For large breaks the RCS saturates almost immediately and voids start to
form. Core uncovery is expected in the short term but RCS pressure
decrease is also very rapid and SIS flow restores core cooling.

‘ Steam Generator Pressure (Figure 5-19)

Steam generator pressure may increase or remain constant in the short-term
if the break is small. However, for all sized LOCAs, steam generator
pressure will usually decrease in the long term as a result of operator
action.

Steam Generator Level (Figure 5-20)

Steam generator level will decrease rapidly following the reactor trip
and then increase to the hot standby level. Level may then remain
constant or increase somewhat based on automatic or manual control of
feedwater.
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FIGURE 5-13

REPRESENTATIVE LOCA
REACTOR POWER

1204 -
1 <l
p= —
: 60!-» -l
z 4
b
Q
[+ <
bd s
3
g .(+_ -
")
[+ 4
S 20 *
-20p= -
404 -
6& 1 | | | |
0 200 400 400 600 800 1000

TIME (SECONDS)

5-49 CEN-152 Rev. 03 Sub 1
LOCA



FIGURE 5-14
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FIGURE 5-16
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FIGURE 5-17
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FIGURE 5-18

REPRESENTATIVE LOCA
SREACTOR VESSEL LEVEL

36 T T T T
w- -
24 L. -

N TOP OF ACTIVE CORE

>

-

-
12 | -
6 b 4
0 1 | 1 .

0 1200 2400 3600 4800 6000

TIME (SECONDS)

wn
'

wn
.

LOCA



FIGURE 5-19
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Guideline Strategy and Information Flow

Figure 5-21 provides a summary description of the LOCA Recovery Guideline's
strategy and information flow. Prior to implementing the actions provided
in the LOCA Recovery Guideline, the operator would have performed the
standard post trip actions and diagnosed the event. In the LOCA Recovery
Guideline, the operator begins using the safety function status check to
confirm that the plant is recovering. The next steps provide instructions
on establishing those conditions immediately necessary for effectively
combatting an LOCA. Specifically, the operator maximizes safety injection
flow to the RCS and attempts to isolate the leak.

The next group of steps provide instructions on RCP restart criteria,
natural circulation, SIS, and containment isolation. These steps are
illustrated on Figure 5-21. Following the instructions on RCP operation,
natural circulation, SIS, and containment isolation, the flow of information
breaks into two paths. One path addresses regaining normal control of

the plant for an isolated leak while the other path provides instructions
for addressing the unisolated leak.

A more detailed chart illustrates the recovery guideline strategy and

lists the guideline steps which correspond to each strategy objective.
Those steps discussed above which are performed at any time during the
course of the event are affixed with asterisks. Refer to Figure 5-25.
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FIGURE 5-21b

LOSS OF COOLANT ACCIDENT STRATEGY CHART

COOLDOWA
REQUIRED

COOLDOWN TO SCS
ENTRY CONDITION

MAINTAIN PLANT IN
STABLE CONDITION

l

EXIT TO SCS
OPERATING
PROCEDURE

IMPLEMENT LONG
TERM COOLING STEPS:
HOT/COLD LEG

YES SCS ENTRY

CONDITIONS

EXIT TO SCS
OPERATING
PROCEDURE

LOCA

MONITOR AND
ELIMINATE VOIDS

s

YES

MAINTAIN RCS
HEAT REMOVAL

RCS
SUBCOOL ING
ADEQUATE

ESTABLISH RCS
ONCE-THROUGH
COOLING

! |

5-59

CEN-152 Rev. 03 Sub 1




1252d(83Q10)/kms-30

Bases Operator Actions

The operator actions are directed toward recovering the plant from the
LOCA, and placing it in a safe, stable condition. One of two paths are
followed, depending upon whether or not the break has been isolated.

1. The execution of all standard post trip actions is verified. This
assures that all safety functions have been initially attended to.

2. The diagnosis of a loss of coolant accident should be confirmed by
using [the Break Identification Chart (Figure 5-2) and by verifying
that the safety functions are being satisfied by comparing control
board parameters to the acceptance criteria in the Safety Function
Status Check. In particular, the operator should note the status of
RCS subcooling and containment and steam plant activity. These
parameters provide a means of discriminating between LOCAs and
SGTRs/ESDEs. For most LOCAs, the RCS reaches saturation condition
and containment activity monitors may be alarming but steam plant
activity monitors should not be alarming. For an SGTR, steam plant
activity monitors may be alarming but containment activity monitors
should not be alarming. For ESDEs, neither steam plant or containment
activity monitors should be alarming. For plants which exhibit S/G
tube leakage, however, steam plant or containment activity monitors
may alarm during ESDEs. These actions ensure the proper procedure
is being used to mitigate the effects of an LOCA.]

3. Sample both steam generators for activity. This will assist in
confirming the diagnosis made in step 2.

4, If the diagnosis indicates that an SGTR or an ESDE has occurred,
then the LOCA Guideline is exited and the actions of the proper
guideline are implemented. This step allows the operator to switch
to the proper guideline for those events similar to LOCAs which may
have occurred. LOCAs, ESDEs, and SGTRs have similar initial symptoms
and could be confused early in the event.
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. 5. If the initial diagnosis of a LOCA is confirmed, then the operator |
continues with the actions of this guideline.

If the diagnosis is not confirmed, then the operator is directed to

exit this guideline and implement the Functional Recovery Guideline.
The Functional Recovery Guideline is functionally oriented and will

ensure that all safety functions are attended to regardless of what

event(s) is occurring.

6. An SIAS should be initiated during an uncontrolled RCS depressurization.

7. This step contains guidance regarding the RCP operating strategy for
an LOCA (see Figure 5-22). A generic RCP trip strategy has been
developed which, in general, results in the tripping of all four
RCPs for depressurization events determined to be LOCAs, but allows
the continued operation of two RCPs (in opposite loops) for diagnosed,

non-LOCA, depressurization events. For undiagnosed events, where
. the Functional Recovery Guideline is implemented, the RCP trip
strategy is identical to that followed in the LOCA guideline.

Once the operator implements the LOCA recovery guideline, and the
LOCA is confirmed, if pressurizer pressure goes below [1300 psia]
following receipt of an SIAS, then all four RCPs must be tripped.
Two RCPs may have been tripped already in the Standard Post Trip

Actions. In this case, the operator would simply trip the remaining

two RCPs. Tripping all four RCPs ensures a conservative approach to
event recovery. Prolonged RCP operation during LOCAs of certain

size and location could result in increasing the severity of the
event. Analysis has indicated that for a break in the bottom of the
hot leg, continued RCP operation may result in greater loss of RCS
inventory than if RCPs were stopped. This could result in decreased
core cooling capability. Since the operators may not know the size
or location of the break, they are instructed to trip all RCPs for

LOCA depressurization events and all non-diagnosed (i.e., Functional
. Recovery Guideline implemented) depressurization events.
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8. The operator is required to continually verify that all safety
functions are being satisfied by comparing control board parameters
to the acceptance criteria of the Safety Function Status Check.
This ensures that all safety functions are being satisfied and the
core is being adequately cooled.
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10.

1.

12.

LOCA

If all of the safety functions are satisfied, then this procedure is
adequately mitigating the effects of the LOCA which is occurring.
Therefore, the implementation of the remaining actions of this
guideline is continued.

If the safety functions and their respective acceptance criteria are
not satisfied, then the operator is required to leave the LOCA
guideline and implement the Functional Recovery Guideline. The FRG
is functionally oriented and will ensure all safety functions are
attended to regardless of what event(s) is occurring.

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

An LOCA will result in actuation of safety injection. The RCS
pressure wiil respond during the accident according to the break

size. Safety injection system flow rate will follow the RCS pressure
according to the SIS delivery curves (see Figures 5-23 and 5-24).

The SIS and charging flowrate should be checked and maximized
relative to RCS pressure to enhance RCS inventory replenishment
and/or core heat removal. Specific steps such as restoring electrical
power, correcting valve lineuos, restoring necessary auxiliary
systems, and starting all available pumps will also serve to enhance
RCS inventory replenishment and/or core heat removal.

Attempt to isolate the leak by performing the following:

a) [The PORVs are not expected to open on an LOCA. However, if
they are a cause of the LOCA and pressurizer pressure is below
2400 psia, the PORVs should be closed. If necessary, the PORV

block valves must be closed to maintain RCS inventory.]

b) Letdown is isolated to possibly isolate the break or to preclude
loss of RCS inventory to the CVCS.
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FIGURE 5-24
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13.

14,

LOCA

c) RCS sampling should be terminated and ail sampling lines should
be isolated. I[f necessary, this isolation should be performed
manually. Isolating sampling lines minimizes the possibility
of inadvertent personnel exposure, and minimizes RCS inventory
Tosses.

d) [Al11 other sources of leakage which can be rapidly and remotely
isolated are isolated in order to minimize RCJ inventory losses
and to possibly isolate the break. This shoula-be done rapidly,
because the operator should be focusing his attention on
recovering the plant from the LOCA.]

[At this point, the operators should direct the appropriate personnel
to make the external hydrogen recombiners available and aligned for
control of the containment nydrogen concentration. Operation of the
recombiners may be required by later steps].

If the RCPs have been stopped, then operation of two RCPs in opposite
loops should be attempted if the RCP restart criteria are met. This
action ensures continued forced circulation of coolant through the
core, cooling of the RV head region, and provides the capabilit. for
the normal mode of pressurizer spray, condenses RCS steam voids, and
removes noncondensible gases from the S/G tube bundle. Furthermore,
this action enhances the strategy to obtain an uncomplicated cooldown,
since a forced circulation cooldown is preferred to a natural
circulation cooldown whenever possible during recovery from an LOCA.
Only one reactor coolant pump in each loop should be operated in
order to minimize heat input to the RCS.

Determine whether RCP restart criteria are met by the following:
a) At least one steam generator is available for removing heat
from the RCS. A steam generator having feed flow and removing

heat from the RCS is an indication that primary to secondary
heat removal is being maintained.
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15.

LOCA

b) Pressurizer level is greater than [200"] and not decreasing.
With pressurizer level at the high end of the operating band,
the possibility of draining the pressurizer due to loop shrinkage
and/or steam void condensation is minimized and there is a
greater likelihood of keeping the pressurizer heaters covered.
This will assist in maintaining positive RCS pressure control.
The criterion of pressurizer level not decreasing implies that
RCS inventory control has been established.

¢) The RCS is greater than or aqual to [20°F] subcooled. A
subcooled condition taken in conjunction with (b) above indicates
that inventory control has been established.

d) [A1] plant specific RCP operating criteria are satisfied before
the RCPs are restarted to prevent uamage to RCPs. Following
automatic or operator initiated containment isolation, reinstate-
ment of component cooling water to the RCPs should be considered
in order to ensure adequate RCP cooling].

Upon restarting two RCPs in opposite loops, pressurizer level and
pressure may decrease due to loop shrinkage and/or void condensation.
It is possible that this action will drain the pressurizer. Steam
voids present in the reactor vessel will condense upon restarting
RCPs. [The RVLMS should be monitored for the trending of reactor
vessel liquid level. This trending information may be correlated to
pressurizer level decrease.] RCP operation with a drained pressurizer
may continue provided certain actions are taken and certain criteria
are satisfied.

The following constitute the actions to be taken, and the criteria
to be satisfied, when restarting RCPs:

a) Start all available HPSI and charging pumps, or verify their

operation. This serves to compensate for pressurizer level and
pressure decrease.
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b) Start one RCP in each loop.

¢) [Ensure proper RCP operation by monitoring RCP amperage and
pump NPSH. NPSH is determined by pressurizer pressure and
corresponding Tc on Figure 5-1].

d) Operate all available HPSI and charging pumps until pressurizer
level is greater than [100"] and SIS termination criteria are
met.

16. If all RCP operation is terminated, and inventory and pressure are
controiled, then natural circulation is monitored by heat removal
via at least one steam generator. Natural circulation flow stabilizes
within 5-15 minutes after the RCPs were tripped if there is adequate
inventory in the RCS.

The RCS temperature response during natural circulation will usually
be slow (5-15 minutes) as compared to a normal forced flow system
response time of 6-12 seconds, since the coolant loop cycle time
will be significantly longer.

When single phase natural circulation is established in at least one
Toop the RCS indicates all of the following conditions:

a) Loop T(TH - Tc) less than normal full power AT;

b) Cold leg temperatures constant or decreasing;

c) Hot leg temperatures stable (i.e., not steadily increasing) or
decreasing;

d) No abnormal differences between TH' RTDs [and core exit thermo-
couples]. Hot leg RTD temperature should be consistent with
the [core exit thermocouples]. Adequate natural circulation
flow ensures that [core exit thermocouple] temperatures will be
approximately equal to the hot leg RTD temperatures within the
bounds of the instrument's inaccuracies. An abnormal difference
between TH and the [CETs] is greater than [10°F].
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Natural circulation is governed by decay heat, component elevations,
. primary to secondary heat transfer, loop flow resistance, and
voiding. Component elevations on C-E plants are such that satisfactory
natural circulation decay heat removal is obtained by fluid density
differences between the core region and the steam generator tubes.
I

17. If the criteria listed above are not satisfied, then single phase
natural circulation in the RCS is not effectively transferring heat
from the core to the steam generators. Both RCS Heat Removal and
Core Heat Removal Safety Functions may become jeopardized if the
above criteria continue to be violated. Operators should ensure
that RCS pressure and inventory, and S/G steaming and feed, are
being reestablished or controlled to prevent violation of a safety l
function, which would require a transfer from this guideline to the
Functional Recovery Guideline.

The small break natural circulation process can take different
forms. These forms include single phase natural circulation and two
phase natural circulation. The simplest form of natural circulation
is single phase, liquid cooling. Single phase natural circulation
is possible for cases where RCS inventory and pressure are controlled.
Single phase cooling transports heat using the same flow path
involved in forced circulation cooling with the liquid density
difference between SG and RV driving the flow. Two phase natural
circulation is known as re’lux. In the reflux process, steam leaves
the core region and travels to the steam generator via the hot leg;
the steam is condensed in the steam generator "U" tubes and flows
back to the core where it is once again turned to steam.

The operator has adequate instrumentation to monitor natural circulation
for single phase liquid natural circulation. RCS loop AT can be

used along with loop and CET trends to confirm that the single phase
natural circulation process is effective. RCS loop AT may not be a
meaningful indication of adequate RCS heat removal during reflux
boiling. The guidelines are written to alert the operator to use

single phase acceptance criteria for natural circulation only when
RCS inventory and pressure are controlled.
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For reflux natural circulation cooling the operator continues RCS
heat removal using steam generators in order to provide a heat sink
for condensing core boil off. Monitoring Safety Function Status
Check criteria provides assurance of adequate core cooling during
reflux.

The transition from single phase natural circulation to two phase
flow can occur quickly for larger small breaks, or can occur more
slowly for the smaller small breaks. The operator should be aware
that this transition may cause confusing temperature indications as
the RCS loop ATs readjust to reflect the transition in process. The
emphasis in the guideline is to continue the steam generator heat
removal process, continue restoring inventory control, and to
continue monitoring the hot leg RTDs and core exit thermocouples to
confirm the heat removal process is adequate.

18. If an SIAS has been initiated and the SIS is operating, then it must
continue to operate at full capacity until SIS termination criteria
are met. For most LOCAs, the SIS will run continuously for a long
period of time while RCS inventory, pressure, and heat removal
control are being regained. In some cases, control of these three
functions is not regained during the accident (i.e., largest breaks)
and the SIS runs for the duration of the recovery period. Early
termination is expected only when the SIAS was spurious, or if the
ieak was identified and promptly isolated (e.g., by blocking a stuck
open PORV).

Termination of SIS should be sequenced by stopping one pump at a
time while observing the termination criteria. Throttling of HPSI
flow is also permissible if the following criteria are satisfied:

a) RCS is at least [20°F] subcooled by CET (Figure 5-1). Establishing
[20°F] of subcooling ensures the fluid in the core is subcooled,
and provides sufficient margin for establishing flow should the
[20°F] subcooling deteriorate when SIS flow is secured. Voids
may exist in some parts of the RCS (e.g., reactor vessel head
[as determined by the RVLMS]), but these are permissible as

long as core heat removal is maintained.
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19.

20.

LOCA

b) Pressurizer level is greater than [100"], and not decreasing.
A pressurizer level greater than [100"] and not decreasing in
conjunction with criterion a) above is an indication that RCS
inventory control has been established.

c) At least one steam generator is available for removing heat
from the RCS. Steam generator availability requires having
feed flow and steam flow which are indications that primary te
secondary heat removal is possible.

d) [The RVLMS indicates the core is covered. An indication of
core coverage, in conjunction with the above, serves as an
additional indication that RCS inventory control has been
established].

If SIS termination criteria are met, then the operator may either
terminate or throttle the SIS. The operator may decide to throttle,
rather than terminate the SIS, if the SIS is to be used to control
pressurizer level or pressure. A general assessment of the SIS
performance can be made from the control room. The operator should
confirm that all available charging pumps are operating and that at
least one train, and preferably both trains, of SIS are operating
and that system delivery rate is consistent with RCS pressure as
shown in Figures 5-23 and 5-24. Injection flow rates to each cold
leg should be approximately equal; departures from this would
indicate a closed flow path or some system spillage that is in
addition to the LOCA.

[f the criteria of step 18 cannot be maintained, then full available
SIS flow must be restored.

The operator verifies that containment is isolated at the appropriate
automatic setpoints or if containment conditions required isolation.
Containment conditions which might require containment isolation
would be high radiation levels on containment area radiation monitors.
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21.

22.

LOCA

Each plant should develop criteria for containment isolation to be
identified in the procedure. Operators should be alert to the loss
of auxiliaries to the containment (in particular RCP cooling water)
which may occur with containment isolation.

High pressure in the containment (significantly above the design
pressure) may pose a threat of containment rupture.

[4 psig] is the setpoint for automatic operation of
emergency containment fan coolers. Typically, at this setpoint, the
fans are automatically shifted to slow speed [or emergency fans
started] while the fan cooler cooling water flow is maximized.

Operation of the normal containment cooling and air recirculating
systems (e.g., CEDM coolers, reactor cavity coolers, dome air
circulators, etc.) should be verified in order to meximize the
recirculation of the containment atmosphere. This recirculation
will minimize the possibility of local accumuiation of hydrogen
developing.

Subsequent operator actions and verification that the containment
combustible gas control safety function is being satisfied will
required measurement of the containment hydrogen concentration. The
hydrogen monitors should be placed in service in order to provide an
indication of the concentration. [The valve line up required for
cperation of the hydrogen monitors should be established concurrent
with performing the following steps].
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23.

24.

25,

26.

27,

LOCA

Excessive containment temperature or pressure may pose a threat to
containment integrity. Containment temperature and pressure should

be controlled through the use of the containment fan coolers (operating
in the emergency mode) and the containment spray system. [10 psig]

is the containment pressure setpoint for actuation of the sprays.

[The plant specific combinations of fan coolers and spray trains
required to remove the heat from containment during a design basis
release into the containment should be identified]. In most instances,
either the containment emergency fan coolers or the containment

spray system #i11 independently nitigate the pressure transient.

Since operation of containment spray has the drawback of potentially
gener~.ting hydrogen plus a subsequent containment cleanup, the
emergency fan cooling system is the preferred success path.

Hydrogen can be produced by the corrosion of aluminum and zinc
materials by the containment spray solution. These corrosion
reactions occur at higher rates with increasing temperatures. If
the containment sprays have been actuated

significant amounts of hydrogen
may be generated. Energizing the recombiners will minimize the peak
hydrogen concentration due to corrosion.

Recombiners should be energized as soon as any hydrogen can be

detected. This is done in order to keep the hydrogen concentration
as low as possible throughout the event. The recombiners typically
take [i hour] to reach operating temperature, so no decrease in the
measured hydrogen concentration should be expected before this time.

Removal of iodine from the containment atmosphere may be desirable
in order to minimize the activity released to the environment.

If the decision to operate the hydrogen purge system has been made
by the [Plant Technical Support Center], Then the purging operation

should be started to reduce the hydrogen concentration.

Factors to consider include the following:
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LOCA

b)

c)

f)

Containment Atmosphere Radiation Level

This has a direct effect on the offsite dose which a purge
would produce.

Containment Hydrogen Concentration
Rate of Increase in the Hydrogen Concentration

These two factors (b and c¢) influence the 1ikelyhood of a
hydrogen burn. If the concentration is well below the
flammability 1imit of [4%], and is net increasing rapidly, a
delay in purging operation is probably appropriate. The plant
specific hydroc>n removal rate (by purging) should be compared
with the rate of increase in the hydrogen concentration in
order to determine if a delay in purging operation is
desiratle.

Time Required to Make Hydrogen Recombiners Available

Since the use of the recombiners will not result in any offsite
dose, they provide a preferred path for hydrogen removal. If
the external recombiners can be made available (subject to the
delay in purging described in (b) and (c) above), a purge may
be avoided. It should be noted that the recombiners require
[about one hour] to reach operating temperature.

Expected Effects of a Hydrogen Burn

Depending on the offsite dose which a purge would produce, a
hydrogen burn may be more desirable. The existing (pre-burn)
containment pressure should be considered since the peak
pressure will be higher for higher initial pressures.

[Plant Specific Requirements for Purging Containment

Atmosphere]
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28.

Operation of the hydrogen purge system should be terminated when the
hydrogen concentration has been decreased below [3.5%]. Unnecessary
offsite dose will be avoided by terminating the purge when the
concentration is below the flammable Timit.

Operation of the hydrogen recombiners should be terminated when the
hydrogen concentration has been decreased below the measurable
concentration.

Containment spray may be terminated if the containment pressure
decreases to below [7 psig]. Termination may aid in the recovery
since continuous use of the sprays may adversely affect operation of
equipment inside containment. If the containment pressure increases
above [10 psig], the sprays should be reactuated. [Plant-specific
operator actions necessary for re-actuation of the sprays should be
identified].

In step 12, the operator attempted to isolate the leak. This step
was followed by steps containing instructions on RCP restart,
natural circulation, SIS, and containment isolation. Those instruc-
tions are followed regardless of whether the attempt at isolation
was successful. At this point in the guideline, the strategy
follows two parallel paths. If the break has not been isolated, the
operator is required to go to the section of this procedure which
contains recovery actions for those conditions (steps 38-59). If
the operator is not certain that the leak is isolated, he/she must
proceed as if the leak is not isolated. Positive means of ensuring
that a leak is isolated include visual verification, such as direct
or remote observation (e.g., in a television monitor). Direct
observation is possible for leaks inside and outside of containment,
although leaks inside containment are directly observable cnly if
personnel are inside containment at the LOCAs onset,
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. 32. If the break has been isolated, then the following actions (steps
33-37) are aimed at stabilizing the plant. |

33. The PPCS is verified to be automatically maintaining or restoring
RCS pressure within the limits of Figure 5-1. If not, pressurizer
heaters and main spray (preferred) or auxiliary spray are manually
controlled to restore pressurizer pressure. The intent of this
action verifies that a safety function is being performed: RCS
pressure control. Maintaining RCS pressure and temperature within
the Timits of Figure 5-1 allows for adequate core cooling and
minimizes the PTS concerns.

34, The PLCS is verified to be automatically maintaining or controlling
pressurizer level. If not, charging and Tetdown are operated
manually to ensure pressurizer level is being maintained. This
action verifies that a safety function is being performed: RCS
inventory control.

. 35. RCS cooling must be maintained during the recovery from the LOCA by
continually supplying [main or auxiliary] feedwater to the steam
generators. Steam discharge should be continued. This activity
should be performed preferentially by steam discharge to the condenser
via the turbine bypass system. I[f the condenser or turbine bypass
system is not available, the next order of priority fur discharging
steam would be to use the atmospheric dump valves. Use of the
atmospheric dump valves may have the potential for release of
activity to the environment. Consequently, it is less desirable to
use the atmospheric dump valves for radiological release considera-
tions.

36. During a controlled cooldown and depressurization, the automatic
operation of certain safeguard systems is undesirable. [Therefore,
the setpoint of CIAS, SIAS, CSAS and MSIS must be manually reset
(lowered)] as the cooldown progresses to ensure that automatic
engineered safeguards protection remains available until the RCS is

. cooled down and depressurized.
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37. The plant status should be evaluated. I[f cooldown and
depressurization are desired to SCS entry conditions, then this
procedure should be exited and a cooldown and depressurization
shou'd be performed via either forced circulation (preferred) or
natural circulation using plant specific procedures. The [Technical
Support Center or Plant Operations Review Committee] may approve
changes *o these procedures to permit their use.

oy

38. If the break has not been isolated, then the fcllowing actions are
directed toward reestablishing RCS inventory control while
maintaining RCS heat removal.

39. A rapid plant cooldown via the steam generators 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 cooldown rate within Technical Specification
Limii«tions) 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 5-23
and 5-24 show typical SIS flowrates as a function of RCS pressure.

For the largest breaks, the RCS depressurizes to an equilibrium
pressure with the containment. In this condition, the RCS fluid is
at a lower temperature than that of the steam generators. The steam
generators, therefore, act as a heat source, superheating any steam
in the RCS which may be flowing through the S/Gs to the break. By
cooling down the steam generators, heat input to the RCS is reduced.

40. The available condensate inventory should be monitored, and
replenished from available sources as necessary to continually
provide a source for a secondary heat sink. Examples of alternate
sources of condensate are nonseismic tanks, fire mains, lake water
supplies, portable tanks, etc. Plant specific alternate sources of
feedwater should be identified and cited in the procedure. The
condensate required to either maintain the plant at hot standby or
cooldown may be determined from Figure 5-4 and 5-5.
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41'

42.

43.

44,

LOCA

.TOP protection is instituted below [275°F] to protect the primary
pressure boundary from low temperature brittle fracture.

For small break LOCAs, especially where RCS inventory and pressure
are controlled, deliberate depressurization of the RCS may be
necessary to permit entry into shutdown cooling. This step directs
a depressurization to SCS entry pressure and provides the available
success paths for depressurizing. For large breaks, depressurization
occurs without operator action. A1l that may be required to
depressurize below [300 psia] is throttling of SIS flow (if SIS
termination criteria are met).

The safety injection tanks must be vented, drained, or their
discharge valves shut at an RCS pressure of [250 psia] to prevent
the nitrogen cover gas from possibly discharging into the RCS when
the RCS pressure is reduced.

Once pressurizer level is restored it should be maintained at the
normal shutdown reference level (if possible) by one of the
following methods:

a) Preferentially, by control of charging and letdown,
or
b) Operation and/or throttling of the HPSI pumps.

[f the normal shutdown reference level is not maintained, then a
pressurizer level of [35 to 245"] with a saturated bubble in the
pressurizer should be maintained to avoid losing pressure control.
[f pressurizer level drops below the top of the pressurizer heaters,
then pressurizer heater operation will be interlocked off for
overheating protection. It may be necessary to exceed [245"]
pressurizer level if the operator is attempting to restore RCS
subcooling since pressurizer heaters may be unavailable and solid
water operation may be necessary to achieve subcooling.

5-79 CEN-152 Rev. 03 Sub 1




1252d(83Q10)/kms-50

Once the pressurizer water temperature varies from the normal hot
. standby temperature, the instrument indication on the normal pressurizer
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. |

If auxiliary spray is used, then the difference between the pressurizer

temperature and the auxiliary spray water temperature should be

maintained below [200°F] if possible. If RCS inventory control is

satisfactory, then auxiliary spray water temperature may be increased

by increasing letdown flow or reducing charging flow which will

increase the regenerative heat exchanger outlet temperature. Other

plant specific methods to increase auxiliary spray water temperature

may be used. If auxiliary spray is used when a [200°F] or more

difference exists, then such a cycle must be recorded as per Technical
. Specifications. The number of such cycles should be minimized.

-

45. Suction for the charging pumps should be realigned, within [1 het ’
after the start of the loss of coolant accident from the
concentrated boron source to the [RWT or any other plant specific
suitable source]. Proper shutdown margin must be maintained.

This realignment from a concentrated boron source to a dilute source
is made in order to avoid the possibility of boric acid precipitation
in the core which may occur for large breaks. For large breaks, the
reactor vessel refills only to the elevation of the break. 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 a2 dilute source helps

limit the excessive buildup of boric acid in the reactor vessel

while still allowing for sufficient long-term reactivity control.
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‘6.

47.

LOCA

If the [refueling water tank] level falls to [10%], then initiation
of recirculation should be verified. If necessary, recirculatior
should be initiated manually one SIS train at a time. Recirculation
is actuated either automatically or manually in order to maintain a
continuous flow of safety injection fluid to the RCS (required for
inventory control) and a continuous flow of containment spray water
(required for containment temperature and pressure control). [If
the automatic or manual initiation of the RAS does not automatically
close RWT outlet valves, these must be manually closed to isolate
the RWT from the SIS pumps. Furthermore, sump level should be
checked prior to and at the time of transfer of suction sources. An
LOCA outside of containment could result in inadequate containment
sump inventory to allow recirculation. The operator should monitor
an increasing trend in containment sump level that corresponds to
the decreasing trend in RWT level. These actions prevent 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'
suction being aligned to a dry sump, consequently air binding the
pumps and losing both heat removal loops. In addition, for events
where high containment pressure is present, the check valves in the
[RWT] outlet line may be forced shut and the [RWT] fluid will remain
unavailable while the containment is pressurized.

After the switch to recirculation, the HPSI pump flows are monitored
in order to ensure that HPSI pump minimum flow requirements for pump
protection are met, and to avert any possible permanent HPSI pump
damage. If they are not met, the operator should turn off the
charging pumps one at a time until the minimum flow requirements are
met., If they are still not met with all the charging pumps off and
two HPSI pumps operating, the operator turns off the HPSI pump with
the lower flow. One HPSI pump should be left operating at all
times, unless the criteria of step 18 are met.
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During a controlled cooldown and depressurization the automatic
initiation of an MSIS is undesirable, particularly when primary to
secondary heat transfer is via the steam generators. [Therefore,

the MSIS setpoint must be manually reset as the cooldown progresses

to ensure that automatic engineered safeguards protection for an

MSIS remains available until the RCS is cooled down and depressurized].

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 injection flow is divided equally between the hot and cold
legs. Refer to Figure 5-23. 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 location 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 since the fluid
injected to the hot leg may be entrained in the steam being released
from the core and hence possibly diverted from reaching the reactor
vessel. After [2 hours], the core decay heat has dropped sufficiently
so that there is insufficient steam velocity to entrain the fluid
being injected to the hot leg. The action is taken no later than [4
hours] after the LOCA in order to ensure that the buildup of boric
aci. is terminated well before the potential for boric acid precipi-

tation occurs. Even though the action is required 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 early in the
transient. Simultaneous hot and cold leg injection is not required
for small breaks because 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. If entry
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50.

LOCA

into shutdown cooling system operation is anticipated before the [4
hour] 1imit, and the criteria of step 50 are met, then the
realignment to hot/cold leg injection is unnecessary. In that case,
go to step 50.

For certain sized breaks (small breaks), entry into shutdown cooling
is desired, and may be necessary, if steam generator heat removal is
lost. The shutdown cooling system is utilized if certain plant
conditions exist.

If refilling of the RCS is possible, then the time necessary to
refill the RCS and regain control of pressure and inventory depends
on break size, break location, RCS cooldown rate and the number of
HPSI pumps and charging pumps actuated. With only one HPSI pump
actuated, for a break of about 3 inch diameter, located on the
bottom of the cold leg, it may take as long as [8 hours] to refili
the RCS. With all injection pumps operable, the time is about [1
hour].

The operator should determine if SCS operation criteria are met. If
pressurizer level is stable, the pressurizer and/or HPSI pumps are

maintaining system pressure such that RCS hot and cold leg temperatures

are at least [20°F] below saturation temperature for pressurizer
pressure, and RCS temperature and pressure meet the shutdown cooling
entry criteria, SCS operation may be appropriate. Before the SCS is
operated, RCS activity levels must be determined since the RCS fluid
will now be circulated outside of the containment building. The
operator must decide whether to circulate high activity RCS coolant
outside containment if high activity is present and such circulation
has the potential for release to the environment. If the potential
for significant releases exists, it may be more desirable to continue
cooling with the steam generator. Other plant specific prerequisites
for SCS operation must be considered (e.g., component cooling water,
instrument air and valve control power).
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‘I" 51.

52.

53.

If SCS operation is determined to be appropriate per step 50, then
the SIS is aligned for cold leg injection and the SCS is initiated.
The [Plant Technical Support Center or Plant Operations Review
Committee] may approve changes to these procedures which accommodate
the LOCA congitions.

If the above actions fail to depressurize the RCS, then a void
should be suspected. Any time it is found that voiding inhibits RCS
depressurization to SCS entry pressure, when SCS operation is
desired, then an attempt at elimination of the voiding should be
made. |

The operator should monitor for the presence of voids. Voiding in
the RCS may be indicated by any of the following incications,
parameter changes, or trends:

a) letdown flow greater than charging flow,

b) pressurizer level increasing significantly greater than expected
while operating pressurizer spray,

c) [the RVLMS indicates that voiding is present in the reactor
vessel],

d) [other indications insert here].

If voiding should be eliminated, then proceed as follows:

a) letdown is isolated or verified to be isolated to minimize
further inventory loss,

b) the depressurization is stopped to prevent further arowth of
the void and, if required, the RCS is repressurized to >[20°F]
subcooling,

c) pressurizing and depressurizing the RCS within the limits of
Figure 5-1 may condense the void. Pressurizing has the effect
of filling the voided portion of the RCS with cooler fluid

CEN-152 Rev. 03 Sub 1




1252d(83Q10)/kms-55

which will remove heat from the region. Subsequent depressurization
and a repeating of this process several times will cool and condense
the steam void. In the case of a void in the reactor vessel, the
pressurization/ depressurization cycle will produce a fill and

drain of the reactor vessel. The pressurization/depressurization
cycle may be accomplished using pressurizer heaters and spray
(preferred method) or the SIS/charging system (alternative

method). Monitor pressurizer level [and the RVLMS] for trending

of RCS inventory. This will assist the operator in assessing

the effectiveness of void elimination.

d) if indications of unacceptable RCS voiding continue, and
voiding is suspected to exist in the (isclated) steam generator
tubes, then cool the (isolated) steam generator (by steaming or
blowdown, and/or feeding) to condense the tube bundle void.
This will be effective for condensing steam voids but will not
have an effect on non-condensible gases trapped in the tube
bundle. A buildup of non-condensible gases in the tube bundles
will not hinder natural circulation event with a large number
of the tube blocked. This is due to the small amount of heat
transfer area required for the removal of decay heat. Monitor
pressurizer level for trending of RCS inventory. This will
assist the operator in assessing the effectiveness of vcid
elimination,

e) if indications of unacceptable RCS voiding continue, then
voiding may be caused by non-condensible gases. [Operate the
pressurizer vent and/or the reactor vessel head vent to clear
trapped non-condensible gases.] Monitor pressurizer level
[and/or the RVLMS] for trending of RCS inventory. This will
assist the operator in assessing the effectiveness of void
elimination.

54. When SCS entry conditions (RCS pressure [300 psia] and RCS Ty

<[300°F]) are established, then the operators may exit this
guideline, and place the SCS in service.

LOCA 5-85 CEN-152 Rev. 03 Sub 1



1252d(83Q10)/kms-56

5.

56.

57.

58.

LOCA

[f shutdown cooling system operation is not currently possible, then
perform steps 56 through 59.

Safety injection system operation is continued to maintain or
attempt to establish RCS inventory and pressure control. If less
than [2 hours] have elapsed since the event initiation, the SIS
should be aligned for cold leg injection. If more than [2 hours]
have elapsed, the system should be aligned for hot and cold leg
injection.

If SCS operation is not appropriate due to the above mentioned
conditions, or if the system is not available, then it is desirable
to continue RCS heat removal via the steam generators until no
further steam is generated. This is determined by S/G(s) pressure
being less than [50 psia]. Steam generator heat removal is preferen-
tially maintained using [main or auxiliary] feedwater and steam is
discharged using the turbine bynass system via the condenser.
Alternatively, if the turbine bypass system or condenser are
unavailable, steam generator heat removal is maintained using [main
or auxiliary] feedwater and steam is discharged via the atmospheric
dump valves. If [main or auxiliary] feedwater are unavailable,
alternate supplies of feedwater should be employed. Examples of
alternate sources of feedwater are fire pumps, condensate pumps,
temporary water transfer pumps, etc. These alternate sources of
feedwater should be indicated in the plant emergency procedures.

If RCS pressure and inventory control have not been established,

then the break may be too large to assure proper suction pressure to
the SCS pumps. Therefore, the SCS is not operated. However, in

this event simultaneous hot and cold leg injection in a recirculation
mode will both cool the core and flush the reactor vessel,

However, if the CET temperature is increasing or superheated (Figure
§-1), this may indicate inadequate core cooling (ICC). [If CETS are
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increasing or superheated, then the pressurizer PORV may be opened
and the charging and SIS alianed for cold leg injection to obtain
once-through-cooling. For heat removal purposes the charging system
must remain operating (for plants both with and without pressurizer
PORVs) even if the RCS is in an overpressurized condition.]

59. The operators should continue to evaluate the ability to use a more
preferred method of heat removal. The available methods (in order
of preference) are:

a. shutdown cooling

b. steam generator(s)

c. safety injection
[once-through-cooling]

The SCS is the preferred method of heat removal since it is a closed
Toop cocling mode with reduces releases to the environment and since
it does not rely on a potentially limited supply of condensate. If
SCS entry conditions (Step 52) can be met, shutdown cooling should
be implemented. Considerations include re-evaluating the RCS
activity level (it the SCS is otherwise available), or the activities
necessary to restore the SCS for use.

Steam generator heat removal is a primary means of RCS and core heat
removal and should be continued until the steam generators are completely
cooled down (i.e., S/G pressure <[50 psia]). If alternative sources
of feedwater (e.g., untreated water, firewater, etc.) can be made
available, heat removal using the steam generators should be continued
until there is no further steam production and RCS heat removal is
shifted to another mode.

If the CET temperature can be maintained constant or decreasing, and
below the superheated region, then cold leg injection (before [2 hours])
or hot and cold Teg injection (after [2 hours]) may be maintained. This
mode of cooling is adequate to cool the core indefinitely until a
decision is made to shift to an alternative cocling mode.
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[If the increase in CET temperature can be terminated, or the temperature
brought out of the superheated range, once-through-cooling may be
terminated in favor of safety injection system injection or sump
recirculation. Such a decision must be made with the help of the Plant
Technical Support Center].

Safety Function Status Check

Figure 5-25 provides the bases for the LOCA Safety Function Status Check.
The Safety Function Status Check is designed to ensure that the operator
is using the correct procedure, and the actions of that procedure are
satisfying all relevant safety functions and maintaining adequate core
cooling.

The safety function status check provides a systematic approach to

determine if the LOCA EPG is appropriate, and more importantly, if the

plant condition is satisfactory. Safety functions have been used throughout
the guideline system as a structure for storing and using operational
information. When the plant is in a normal condition each safety function
can be explicitly shown to be satisfied. For exampla, inventory control

can be demonstrated by conducting simpie tests with charging and pressurizer
spray and heaters. The safety function status check acceptance criteria

for inventory control when the plant is normal can be direct and explicit.
When the plant has been damaged, some of the safety functions are not

easily shown to be under control. For example, inventory control in an

LOCA can not be tested for as easily as it can be when the plant is

normal. The safety function status check acceptance criteria for inventory
control in a LOCA relies on implicit information. Since tests with
charging, pressurizer spray and heaters would not be valid, the invertory
control acceptance criteria is based on knowing that the systems intended

to provide inventory control (i.e., SIS) are functioning. In addition,

the acceptance criteria for other functions must be used in conjunction

with inventory acceptance criteria to arrive at the conclusion that the
plant status is satisfactory.
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SAFETY FUNCTION STATUS CHECK BASES
LOSS OF COOLANT ACCIDENT
Figure 5-25a

The safety functions listed below and their respective criteria are those used to confirm the adequacy of the LOF
Guideline in mitigating the event.

SAFETY ACCEPTANCE
FUNCTION CRITERIA INDICATION RANGE BASES

Reactivity Control Reactor Power Decreasing Power Range [0 - 125%] For all emergency events, the reactor must
and be shutdown. The criteria that no more than
[Negative Startup Rate] Power Rate [-1 + 7 dpm] one CEA be stuck out or the RCS borated
and observes typical technical specification
Not more than 1 CEA Bottom CEA Status On/Off Light requirements.
Light Not Lit or Borated Display for each CEA
per Tech Specs

Maintenance of
Vital Auxiliaries
(AC & DC Power)

RCS Inventory If [35"] < Pressurizer Level Pressurizer [0 - 350"] A value of [245"] ([70%] of range) was chosen
Control < [245"]; Then: Level as an upper limit for pressurizer level to
. account for instrument accuracies and other
charging and letdown are uncertainties. A value of [35"] ([10%] of
being operated manually or range) was chosen as a lewer limit to account
automatically to control for instrument accuracy.
pressurizer level
and A [20°F] subcooling margin coexisting with a
RCS > [20°F] subcooled pressurizer level of [35 to 245"] indicates
and adequate RCS inventory control via a saturated
[the RVLMS indicates the [RVLMS] [0 - 100%] bubble in the pressurizer.
core is covered]
or
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SAFETY FUNCTION STATUS CHECK BASES
LOSS OF COOLANT ACCIDENT
Figure 5-25b

The safety functions listed below and their respective criteria are those used to confirm the adequacy of the LOF
Guideline in mitigating the event.

SAFETY ACCEPTANCE
FUNCTION CRITERIA INDICATION RANGE BASES
RCS Inventory If Pressurizer Level < An RVLMS indication that the core is covered,
Control (Cont'd) [35"]; Then: taken in conjunction with [20°F] subcooling
is an additional indication that RCS inven-
[A11 available charging pumps tory control.
are operating and] the SIS
purpis) are injecting water * For cases where RCS inventory is badly
into the RCS per Figure 5-3. degraded, the SIS operation provides implicit
assurance that control is being regained. At
RCS pressures greater than the shutoff head
of the SIS, the use of all available charging
pumps is emphasized. All availahtle charging
pumps are emphasized because until pressure
lowers, this will be the sole means of
injecting water into the RCS,
RCS Pressure Either Pressurizer heaters Pressurizer [1500-2500 The range of the selected events is very
Control and spray or charging and Pressure psia}/ broad, therefore, the acceptance criteria
SIS pumps are being operated [0-1600 psia] are written to cover the expected range

automatically or manually to
maintain or restore pressur-
izer pressure within the
limits of the P/T curves,
Figure 5-1,

or

which may result from the events noted.
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SAFETY FUNCTION STATUS CHECK BASES
LOSS OF COOLANT ACCIDENT
Figure 5-25c

The safety functions listed below and their respective criteria are those used to confirm the adequacy uf the LOF
Guideline in mitigating the event.

SAFETY ACCEPTANCE
FUNCTION CRITERIA INDICATION RANGE BASES
RCS Pressure [A11 available charging pumps

Control (Cont'd) are operating and] the SIS
pump(s) are injecting water
into the RCS per Figure 5-3
(unless SIS termination
criteria are met.

Core Heat Removal T, RTDs [and Core Exit [Core Exit 50-1600°F] Since the saturation temperature corresponding
Thermocouples] [700°F] Thermocouples to the RCS safety valve setpoints is less than
700°F on the [CETs] represents a superheat
TH RTDs [465-615°F] condition in the RCS which can only occur with
core uncovery. Core uncovery results from a
loss of RCS inventory which generally results
from two accident scenarios: LOCA or loss of
steam generators as a heat sink. LOCA results
directly in a loss of inventory. Very small
break LOCAs will not result in depressurization
much below the HPSI pump shutoff head. For
these small break LOCAs, superheat is indicative
of core uncovery occurs at high pressure. For
large break LOCAs which result in rapid depress-
urization to less than 300 psia, superheat which
is indicative of core uncovery occurs at low
pressure. A loss of inventory (leading to core
uncovery) can also result from a loss of S/G
heat sink which causes RCS pressure to rise
(Continued
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SAFETY FUNCTION STATUS CHECK BASES
LOSS OF COOLANT ACCIDENT
Figure 5-25d

The safety functions listed below and their respective criteria are those used to confirm the adequacy of the LOF
Guideline in mitigating the event.

~ SAFETY ACCEPTANCE
FUNCTION CRITERIA INDICATION BASES

Core Heat Removal high enough to 1ift the [PORVs] and

(Continued) pressurizer safeties. Core uncovery and,
therefore, superheat on the [CETs] indicate an
advanced phase in the approach to inadequate
core cooling and are undesirable. If at any-
time superheat is approached or indicated, the
operator should review the effectiveness of
earlier measures and take all possible steps to
restore the inventory to at least a core
covered condition as indicated by saturation or
subcooling on the [CETs], Subcooled Margin
Honitor.n?or as an indication of core coverage
on the RVLMS].

[700°F] is the plant specific temperature as
read on the T“ RTDs [and core exit thermocouples
(CETs)] which represents the maximum temperature
anticipated during accident mitigation. It is
chosen based on engineering judgement and is
intended to bound predicted, indicated
temperatures for an LOCA with no multiple equip-
went failures or coincident accidents.

"A3Y 2S1-N3D

Superheat on the T, RTDs [and CETs] is indicative
of core uncovery a“d short term core uncovery is
predicted fer worst case scenarios.

L QS €0
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SAFETY FUNCTION STATUS CHECK BASES
1LOSS OF COOLANT ACCIDENT
Figure 5-25e

The safety functions listed below and their respective criteria are those used to confirm the adequacy of the LOF
Guideline in mitigating the event.

SAFETY ACCEPTANCE
FUNCTION CRITERIA INDICATION RANGE BASES

RCS Heat Removal a) At least one S/G has Stem Gener- [+63.5" - Decay heat levels may not be high enough to
level: ator Level (-)116.5"] require a feedwater flow of [150 gpm]. If
this is the case once steam generator level
i) within the normal is returned to the zero power level band and
level bank with feed- feedwater remains available to maintain that
water available to level, then the S/G contribution to RCS heat
maintain the level removal is being satisfied.
S or
- ii) being restored by a
feedwater flow [150
gpm]
and
b) RCS Tave is [545°F] Tave [520°F-610°F] [545°F] is based on not lifting a steam
and controlled generator safety valve.
or
c) [A11 available charging RCS heat removal can occur by once-through-
pumps are operating and] cooling either through the [PORV] or by cool-
the SIS pump(s) are inject- ing through the break combined with steam
o ing water into the RCS per generator cooling.
= Figure 5-3 (unless SIS
L7 termination criteria are
o met ).
‘XDD
~

L 9nS €0
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SAFETY FUNCTION STATUS CHECK BASES

LOSS OF COOLANT ACCIDENT
Figure 5-25¢

The safety functions listed below and their respective criteria are those used to confirm the adequacy of the LOF
Guideline in mitigating the event.

SAFETY ACCEPTANCE
FUNCTION CRITERIA INDICATION RANGE BASES
Containment a.i) Containment Pressure Containment [0-60 psig] [4 psig] is the CIAS setpoint. If pressure
Isolation [4 psig] Pressure does exceed [4 psig?. containment isolation
valves should shut (i.e., CIAS should be
and present).

ii) No containment area Containment Alarming/Not The containment snould usualiy be isolated
radiation monitors Area Rad Alarming if containment area radiation monitors
alarming Monitors alarming.

ard
ii1) No steam plant Steam Plant Alarming/Not Steam plant activity is an indication of an
activity wonitors Activity Alarming SGTR and is not anticipated for a LOCA
alarming Monitors regardless of containment conditions.
or

b. CIAS should be preseni or Containment Open/Shut
manually initiated Isolation
Yalve Posi-
tion Indicators
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SAFETY FUNCTION STATUS CHECK BASES
LOSS OF COOLANT ACCIDENT
figure 5-25¢g

The safety functions listed below and their respective criteria are those used to confirm the adequacy of the LOF
Guideline in mitigating the event.

SAFETY ACCEPTANCE
FUNCTION CRITERIA INDICATION RANGE BASES
Containment a. i) Containment Tempera- Containment [50-300°F] [240°F] corresponds to the maximum contain-
Temperature and ture [240°F] Dome Temper- ment temperature expected below [10 psig].
Pressure ature
and
ii) Containment Pressure Containment [0-60 psig] [10 psig] is based on CSAS setpoint.
[10 psig] Pressure [0-15 psig]
or

b. The containment cooling Containment temperature and pressure may

system is operating in
one of the following

exceed the above limits during inside
containment LOCA events. If this happens,

configurations: the containment cooling systems should be
operating to minimize the temperature and
[ i). Three fan coolers [plant [plant pressure. The plant specific combinations
in the emergency specific specific] of emergency fan coolers and containment
mode indications] sprays which will remove 100% of the design
or

basis heat load should be specified as the

ii). Two fan coolers in
the emergency mode
and one containment
spray header
delivering at least

acceptable operating configurations.

1500 gom
or
jii).

Two containment spray

headers each deliver-
ing at least 1500 gpm]
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SAFETY FUNCTION STATUS CHECK BASES
LOSS OF COOLANT ACCIDENT

Figure 5-25h

The safety functions listed below and their respective criteria are those used to confirm the adequacy of the LOF
Guideline in mitigating the event.

SAFETY ACCEPTANCE

FUNCTION CRITERIA INDICATION RANGE BASES
Containment a. Hydrogen concentration H2 Monitor [0-10%] Operation of the Containment Combustible Gas
Combustible less than [0.5%]

Gas Control

or
b. i) [A11 available
hydrogen recombiners
energized]
and
ii) hydrogen concentration
less than [4%]

Control System should maintain the hydrogen
concentration below the lower flammability
limit of 4%. [If detectable hydrogen is
generated, the H, recombiners should be
operated to redufe the concentration.]
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Event Strategy

This section contains the detailed LOCA operator actions strategy flow
chart, Figure 5-26. The flow chart pictorially depicts the strategy
around which the LOCA guideline is buiit. It is intended to assist the
reader in understanding the intent of the guideline writer and for use in
training. Operators should understand the major objectives of the
guideline in order to facilitate their progress toward the guideline
goals.

The strategy charts show the recovery guideline strategy in detail and
Tist the guideline steps which correspond to each strategy objective.
Some steps in the guideline may be performed at any time during the
course of an event. These steps are shown by affixed asterisks. The
dashed boxes above the line indicate the lead-in steps performed by the
operator prior to entering this recovery guideline.

LOCA 5-97 CEN-152 Rev. 03 Sub 1



FIGURE 5-2€a

LOSS OF COOLANT ACCIDENT RECOVERY STRATEGY CHART
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FIGURE 5- 26b
LOSS OF COOLANT ACCIDENT RECOVERY STRATEGY CHART

ACPS
AUNNING NO
STEP 14

CP RESTART
CRITERIA®

z;y

NATURAL
CIRCULATINN

START ONE RCP IN RC
STE W6/ TrmiE &
!AC”;EPO'H MAINTAIN ONE-PHASE CONTINUE RCS & CORE
N/C HEAT REMOVAL HEAT REMOVAL USING
STEP 16 AVAILABLE METHOD
STEP 17
x 3

.

SIS OPERATION®
STEPS 18 AND 19

.

*PERFORMED CONTINUOUSLY

VERIFY CONTAINMENT
ISOLATION
STEP 20

ERIFY CONTAINMENT

MERGENCY FAN COOLERS K0 AcTrow
ND EQUIPMENT COOLING i
ISTEN  step 2 STEP 2)

(b R

LOCA 5-99 CEN-152 Rev. 03 Sub 1

-



FIGURE 26c¢

LOSS OF COOLANT ACCIDENT RECOVERY STRATEGY CHART
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FIGURE 5-26d
LOSS OF COOLANT ACCIDENT RECOVERY STRATEGY CHART
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FIGURE 5-26e

LOSS OF COOLANT ACCIDENT RECOVERY STRATEGY CHART
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FIGURE 5-26f

‘ LOSS OF COOLANT ACCIDENT RECOVERY STRATEGY CHART
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PURPOSE

This guideline provides operator actions which must be accomplished in the

event of a steam generator tube rupture. The actions in this guideline are

necessary to ensure the plant is placed in a stable, safe condition. The goal !
of the guideline is to safely establish the RCS in the shutdown cooling mode, |
(mode 5), while minimizing radiological releases to the environment and i

maintaining adequate core cooling. This guideline provides technical
information to be used by vtilities in developing a plant specific procedure.

ENTRY CONDITIONS

1. The Standard Post Trip Actions have been performed.

and

2. Plant conditions indicate that a steam generator tube rupture has

occurred. Any one, or more, of the following may be present:

a. Air ejector high activity alarm.

b. Steam generator blowdown high activity alarm.

c. High activity and conductivity in steam generator liguid sample.

d. Increasing steam generator level.

e. [Other plant specific symptoms, insert here.]

SGTR 6-2

CEN-152 Rev, 03 Sub 1
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EXIT CONDITIONS
1. The diagnosis of a steam generator tube rupture event is not confirmed
OR
2. Any of the steam generator tube rupture Safety Function Status Check i
acceptance criteria are not met }
OR
3. The plant has been cooled and depressurized to the shutdown cooling
system entry conditions.
OPERATOR ACTIONS
E
1. Verify that the Standard Post Trip Actions have been performed.
|
2. Confirm the diagnosis of a steam generator tube rupture by: ;
[a) Referring the the Break Identification Chart (Figure 6-2)
and
b) Verifying the Safety Function Status Check criteria are satisfied].
3. Sample both steam generators for activity.
|
*4, If the initial diagnosis of an SGTR is confirmed, Then continue with the
actions of this guidelire.
i
*5. If the diagnosis indicates that an LOCA or an ESDE has occurred, 1hen |
exit the SGTR Guideline and implement the actions of the ESDE or LOCA i
Guideline. i
If diagnosis cannot be made, Then exit this guideline and implement the |
Functional Recovery Guideline. : |
i I
*6. If pressurizer pressure decreases to less than [1300 psial following an :
SIAS, Then ensure two of four RCPs are tripped (in opposite loops). |
i

SGTR 6-3 CEN-152 Rev. 03 Sub 1
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i

*8.

o

10.

11.

[If RCP operating limits are not saticfied, Then trip the remaining two
RCPs].

Verify that the safety functions are being satisfied by comparing control
board parameters to the acceptance criteria of the Safety Function Status
Check.

If the safety functions from the Safety Function Status Check are satis-
fied, Then continue with the actions of this guideline.

If the safety functions are not being satisfied, Then exit this guideline
and implement the Functional Recovery Guideline.

Verify that the RCS hot leg temperature is less than [525°F] in order to
minimize the possibility of 1ifting steam generator safeties after
isolating a steam generator.

If the RCS hot leg temperature is greater than [525°F], Then cooldown the
RCS by (listed in order of preference):

a) If the condenser, turbine bypass system, and [main or auxiliary]
feedwater system are available, Then commence the cooldown by using
the turbine bypass system and [main or auxiliary] feedwater.

or

b) If the condenser or turbine bypass system is not available, Then
commence a reactor plant cooldown using the atmospheric dump valves
and [main or auxiliary] feedwater.

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 for activity.
¢) [Other plant specific indications, insert here.]

* Step performed continuously.

SGTR

6-4 CEN-152 Rev. 03 Sub 1
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12. Isolate the steam generator with higher activity, higher radiation levels

or increasing water level by performing the following:

- T O 0 o o
N N Nt S Nt N

9)

h)

Close the main steam isolation valve.

Verify the main steam isolation valve bypass valve is closed.

Close the atmospheric dump valve and align to the manual mode.
Close the main feedwater isolation valve.

[solate steam generator blowdown.

[Close the auxiliary feedwater isolation valves including the steam
driven pump steam supply valve associated with the steam generator
being isolated.]

Isolate vents, drains, exhausts, and bleedoffs from the steam system
and turbine building sumps.

[Other plant specific information, insert here.]

13. Verify the correct S/G is isolated by checking radiation indications, and
possible steam generator level increase, and by sampling techniques.

14, If the wrong steam generator has been isolated, Then unisolate that
generator and isoiate the affected steam generator.

*15. If the RCPs were stopped, Then one RCP in each loop should be restarted
if possible. Determine whether RCP restart criteria ar met by the
following:

a)

The unaffected steam generator (or the least affected, if both steam
generators have leaks) is available (feed and steam flow) for
removing heat from the RCS,

Pressurizer level is greater than [200"] and not decreasing,

* Step performed continuously.

SGTR
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*16.

*17.

*18.

c) The RCS is at least [20°F] subcooled (Figure 6-1)
d) [Other criteria satisfied per RCP operating instructions.]

If RCP restart criteria are met, Then do the following:

a) Start all available HPSI and charging pumps, or verify their opera-
tion. .

b) Start ore RCP in each loop.

¢) [Ensure proper RCP operation by monitoring RCP amperage and pump
NPSH. NPSH is determined by pressurizer pressure and corresponding
T. on Figure 6-1].

d) Operate HPSI (Figure 6-3) and charging pumps until pressurizer level
is greater than [100"] and SIS termination criteria are met.

If all RCPs have been stopped, inventory and pressure are being control-
led, and the steam generators are being used for heat removal, Then
natural circulation tlow is being maintained in at least one loop. The
following criteria must be met to demonstrate adequate natural circula-
tion flow:

a) Loop aT (TH - Tc) less than normal full power aT.

b) Cold leg temperatures constant or decreasing

c) Hot leg temperatures stable (i.e., not steadily increasing) or
decreasing slowly

d) No abnormal differences between TH RTDs and [core exit thermo-
couples].

If the criteria of step 18 are not met, Then ensure RCS pressure and
inventory (steps 20 and 26), and S/G steaming and feed (step 27), are
being controlled properly.

* Step performed continuously.

SGTR

6-5 CEN-152 Rev. 03 Sub 1
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*19.

*20.

*21.

ro
~

ot +

If pressurizer level is less than [35"], Then take steps to ensure
maximum safety injection (Figure 6-3) and charging flow to the RCS by:

a) restoring electrical power to valves and pumps,
b) restoring correct SIS valve lineup if misaligned,
c) restoring other necessary auxiliary systems,

d) starting idle SIS and charging pumps.

If the SIS is operating, Then it may be throttled or stopped, one train
at a time, if the following conditions are satisfied:

aj) RCS is at least [20°F] subcooled (Figure 6-1)
Pressurizer level is greater than [100"] and constant or increasing,
c) At least one steam generator is available (feed and steam flow) for
removing heat from the RCS.
d) [The RVLMS indicates the core is covered.]

If the criteria ci step 21 cannot be maintained after the SIS has been
stopped, Then the SIS must be restarted.

. If the SIS termination criteria are met and the isolated steam generator

is still overfilling with primary fluid, Then stop the running HPSI
pumps.

Prevent overfilling of the isolated steam generator through periodic
draining to the [radioactive waste system] or, if draining is not feas-
ible or sufficient, then dump steam from the affected steam generator to
the condenser.

* Step performed continuously.

SGTR
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24, Sample the RCS for radioactivity and boron concentration. Calculate and
add sufficient boron to the RCS to raise the entire RCS (including the
mass in the pressurizer) %o the shutdown margin required by Technical
Specifications.

25, Decrease and then control RCS pressure slightly above (0-100 psid) the f
isolated steam generator pressure and below [1000 psia]. Throughout the
event, including cooldown, maintain the RCS within acceptable Post-
Accident Pressure/Temperature Limits of Figure 6-1 by the following
methods of RCS depressurization:

a) Main spray
b) Auxiliary Spray
c) Throttling HPSI pump(s)

26. Resume an orderly reactor plant cooldown in accordance with Technica®
Specification limits with forced circulation (preferred) or natural
circulation by:

a) If the condenser and either the [main or auxiliary] feedwater system
are available, cooldown by using the turbine bypass system.
or
b) If the condenser or turbine bypass system are not available, then
cooldown using the isolated steam generator by way of the atmos-
pheric dump on the isolated steam generator, and using either the
[main or tre auxiliary] feedwater system.

27. Sample the condensate and other connecting systems, including turbine
building sumps, for activity which may have been transferred from the
affected steam generator(s).

* Step performed continuously.

6-8 CEN-152 Rev. 03 Sub 1
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*28.

29.

*30.

31.

32.

*33.

34,

Observe the [turbine] and [auxiliary] building ventilation Systems'
radiation monitors and any other applicable radiation monitors. Take
corrective actions, if necessary, in accordance with plant Technical
Specification Limitaticns.

When conditions permit, Then restart one RCP in each loop to establish
cooling of the isolated steam generator and continue RCS cooldown and
depressurization to SCS initiation conditions. Refer to steps 16 and 17
for RCP restart criteria. If RCP restart criteria are not met, then go
to step 38.

Monitor the condensate inventory during the cooldown, in order to ensure
an adequate supply. Refer to Figures 6-4 and 6-5.

Isolate, vent or drain the safety injection tanks at [250 psia]

pressurizer pressure,
Initiate the Tow temperature overpressurization system at [TC < 275°F].

Maintain pressurizer level in the indicating range, [35 to 245"] (unless
it is necessary to go solid to restore RCS subcooling) by (listed in
order of preference):

a) Control charging and letdown
or
b) Operating and/or throttling SIS,

If plant conditions permit, Then bypass automatic initiation of [MSIS,
CIAS, CSAS and SIAS by lowering the setpoint as the cooldown and depres-
surization proceeds].

* Step performed continuously.

SGTR
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*35, If the above actions fail to depressurize the RCS, Then a void should be
suspected. The operator shouid monitor for the presence of voids. If
voiding inhibits RCS depressurization to SCS entry pressure, Then an
attempt at eliminating the voiding should be made.

Voiding in the RCS may be indicated by any of the following indications,
parameter changes, or trends:

a) letdown flow greater than charging flow,

b) pressurizer level increasing significantly greater than expected
while operating pressurizer spray,

¢) [the RVLMS indicates that voiding is present in the reactor vessel],

d) [other indications insert here].

*36. If voiding should be eliminated, Then proceed as follows:

a) verify letdown is isolated,

b) stop the depressurization and, if required, repressurize the RCS to
>[20°F] subcooling,

c) pressurize and depressurize the RCS within the limits of Figure 6-1
by operating pressurizer heaters and spray (preferred method) or
HPSI and charging pumps (alternative method). Monitor pressurizer
level [and the RVLMS] for trending of RCS inventory.

d) if indications of unacceptable RCS voiding continue, and voiding is
suspected to exist in the (isolated) steam generator tubes, then
cool the (isolated) steam generator (by steaming or blowdown, and/or
feeding) to condense the steam generator tube bundle void. Monitor
pressurizer level for trending of RCS inventory.

e) if indications of unacceptable RCS voiding continue, then [operate
the pressurizer vent and/or the reactor vessel head vent to] clear
trapped non-condensible gases. Monitor pressurizer level [and/or
the RVLMS] for trending of RCS inventory.

* Step performed continuously.

-

6-10 CEN-152 Rev. 03 Sub 1
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*37. When the RCS is cooled to at least [300°F] and depressurized to at least
(300 psia], Then exit this Guideline, and initiate shutdown cooling per
the SCS operating instructions.

38. If necessary, a natural circulation cooldown is performed by the steps in
the remainder of the guideline.

*39. During the cooldown and depressurization to SCS entry conditions natural
circulation heat removal is maintained. Refer to steps 18 and 19. If
voiding inhibits depressurization to SCS entry conditions, then refer to
step 34.

*40. Monitor the condensate inventory during the cooldown, in order to ensure
an adequate supply. Refer to Figures 6-4 and 6-5.

41. Isolate, vent or drain the safety injection tanks at [250 psia]
pressurizer pressure.

42. Initiate the low temperature overpressurization system at [TC < 275°F].

*43. Maintain pressurizer level in the indicating range [35 to 245"] (unless
it is necessary to go solid to restore RCS subcooling) by (listed in
order of preference):

a) Control charging and letdown
oL
b) Operating and/or throttling SIS.

44, If plant conditions permit, Then bypass automatic initiation of [MSIS,
CIAS, CSAS and SIAS by lowering the setpoint as the cooldown and

depressurization proceeds].

* Step performed continuously.

6-11 CEN-152 Rev. 03 Sub 1
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45.

46.

47.

When
down

Maintain the RCS pressure slightly above that of the affected S/G and
within the acceptable Post Accident Pressure/Temperature Limits (Figure
6-1) during the cooldown by:

a) Controlling RCS neat removal via the unaffected or least affected

steam generator

and

b) Controlling RCS pressure using the following methods (listed in

order of priority):

i) Pressurizer heater and auxiliary spray
ii) Charging and letdown
iii1) HPSI pumps

Remove heat from the isolated S/G during the cooldown by one of the

following methods (1isted in order of priority):

a) feed and bleed using main or auxiliary feedwater and steam generator
blowdown

b) [other plant specific methods, insert here].

When the RCS is cooled to at least [300°F] and depressurized to at least

[300 psia], Then initiate shutdown cooling per the SCS operating instruc- .

tions.

the steps of the SGTR Guideline are complete, the RCS should be cooled
and depressurized, operating in mode 5 (the shutdown cooling system

removing heat from the RCS) and the affected steam generator(s) isolated and
cooled.

Rt

SGTR
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SUPPLEMENTARY INFORMATION

This section contains items which should be considered when implementing EPGs
and preparing plant specific EOPs. The items should be implemented as precau-
tions, cautions, notes, or in the EOP training program.

1. To minimize the unmonitored release of radioactivity, use of the atmos-
pheric steam dump valves on the affected steam generator should be
minimized.

2. To reduce the release of potentially radiocactive steam from turbine
driven pump exhausts, motor driven auxiliary or main 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 turbine driven
auxiliary feed pump.

3. During all phases of the cooldown, RCS temperature and pressure should be
monitoreJs to avoid exceeding a maximum cooldown rate greater than Tech-
nical Specification Limitations.

4. Automatic feedwater modulation may mask the expected steam generator
level increase due to a steam generator tube rupture.

5. If the faulted steam generator has been isolated and the cooldown is
proceeding via natural circulation, an inverted T (i.e., TC greater than
TH) may be observed in the idle loop. This is due to a small amount of
reverse heat transfer in the isolated steam generator and will have no
effect on natural circulation flow in the intact steam generator.

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

SGTR 6-13 CEN-152 Rev. 03 Sub 1
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10.

11.

12.

13.

A1l available indication should be used to aid in diagnosing the event
since the accident may cause irregularities in a particular instrument
reading. Instrumert readings must be corroborated when one or more
confirmatory indications are available.

[f the initial cooldown rate exceeds Technical Specification Limits,
there may be a potential for pressurized thermal shock (PTS) of the
reactor vessel. Post-Accident Pressure/Temperature Limits of Figure 6-1
should be maintained.

Solid water operation of the pressurizer should be avoided unless [20°F]
of subcooling cannot be maintained in the RCS (Figure €-1). If the RCS
is solid, closely monitor any makeup or draining and any system heatup or
cooldown to avoid any unfavorable rapid p-essure excursions.

Minimize the number of cycles or pressuri.er auxiliary spray whenever the
temperature 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.

If restarting reactor coolant pumps, consideration should be given to
choosing pump combinations which will maximize pressurizer spray flow.

[Monitor quench tank parameters since any sustained operation of the
PORVs may burst the tank's rupture disc.]

Actions for elimination of voids should only be taken if core cooling is
inadequate or threatened and condensate irventory can sustain the ex-
tended cooldown to shutdown cooling entry conditions.

SGTR
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When a void exists in the reactor vessel, and RCPs are not operating, the
RVLMS provides an accurate indication of reactor vessel liquid inventory.
When a void exists in the reactor vessel, and RCPs are operating, it is
not possible to obtain an accurate reactor vessel liquid level indication
due to the effect of the RCP induced pressure head on the RVLMS. The
indicated level also differs for different RVLMS designs under these
conditions. Information concerning reactor .vessel liquid inventory
trending may still be discerned. However, the operator is cautioned not
to rely solely on the RVLMS indication when RCPs are operating.

15. The operator should continuously monitor for the presence of RCS voiding
and take steps to eliminate voiding any time voiding causes the heat
removal or inventory control safety functions to be violated.

1
|
]
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Figure 6-1
TYPICAL POST ACCIDENT PRESSURE-TEMPERATURE LIMITS
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FOLLOWING ANY UNCONTROLLED COOLDOWN
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BREAK IDENTIFICATION CHART

FIGURE 6-2

PRESSURIZER LEVEL CHANGING AND
PRESSURIZER PRESSURE RAPIDLY DECREASING

*IN ONE OR B0TH STEAM
GENERATORS

+MAY DECREASE SLIGHTLY
SG PRESSURE AFTER TRIP
" oMAY BE SLOW IN THE CASE
OF SMALL BREAK LOCA IN
CONTAINMENT OR STUCK
OPEN PORV gk

EXCESS STEAM PRIMARY

DEMAND EVENT SICE
(ESDE) BREAK

N
ONTAINMEN
' PRESSURE
INCREASING INCREASING®

ACTIVITY «N
STEAM PLANT

. + : 3

ESDE IN ESDE OUT OF LOCA INSIDE - A

CONTAINMENT| | CONTAINMENT| | CONTAINMENT CONTAIGRENT




'._-
COMBUSTION ENGINEERING P Socin Banarbie ks

EMERGENCY PROCEDURE e
GUIDELINES Page " of 21 Revision 20__

FIGURE 6-3

TYPICAL ACCEPTABLE SIS FLOW vs RCS PRESSURE ' ")
INJECTION MODE!2)
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NOTES: (1) SEE IMPLEMENTATION SECTION FOR DEVELOPMENT OF PLANT SPECIFIC CURVE
(2) FOR HOT AND COLD LEG INJECTION MODE, THE LPSI PUMPS ARE NOT
REQUIRED TO BE OPERATING. THE HPSI PUMP FLOW IS DIVIDED EQUALLY
BETWEEN THE HOT AND COLD LEGS
(3) BELOW SIAS PRESSURE, SAFETY INJECTION SYSTEM (SIS) PUMPS WILL BE
OPERATING BUT THERE WILL 3E NO INJECTION FLOW UNTIL SYSTEM PRESSURE
FALLS BELOW THE SHUTOFF HEAD OF ANY SIS PUMP
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TYPICAL FEEDWATER CAPACITY vs TIME REMAINING UNTIL
SHUTDOWN COOLING REQUIRED

FIGURE 6-4
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