EMERGENCY RESPONSE PROCEDURES

(FOR INFORMATION ONLY)*

This material was cooperatively develuped for license operator training by

the Seabrook Training Center staff, Westinghouse, and the Operations Department.
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EMERGENCY RESPONSE PROCEDURES

- CONSTRUCTION AND USE -



SITUATIONS THAT REQUIRE CORRECTIVE ACTION

( NO REACTOR TRIP OR SI REQUIRED )
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MPEs and OPs
NORMAL SAFE PLANT

k OPERATIONS
OPTIMAL RECOVERY
PROCEDURES
and ECAs

RITICAL SAFETY FUNCTION
RESTORATION PROCEDURES

SITUATIONS WHICH HAVE REQUIRED

OPERATIONAL PROCEDURE PHILOSOPHY

REACTOR TRIP OR Si ACTUATION

FIGURE OP (TC Rev O 3/84)




OBJECTIVES
EMERGENCY PROCEDURE SET

MUST PROVIDE PROCEDURAL RESPONSES FOR ALL CONCEIVABLE EVENTS WHOSE
PROBABILITY OF OCCURENCE EXCEEDS 1078

MUST BE RESPONSIVE TO EVENTS AND SYMPTOMS

MUST BE BASED ON SOLID ANALYSIS TO DETERMINE MOST APPROPRIATE RECOVERY
METHOD

MUST BE VALIDATED AND VERIFIED TO BE CORRECT



EMERGENCY RESPONSE PROCEDURES (ERPs)
COMPONENTS

OPTIMAL RECOVERY PROCEDURES (ORPs)

EMERGENCY CONTINGENCY ACTIONS> “FCAs)

CRITICAL SAFETY FUNCTION (CS7) STATUS TREES

™

FUNCTION RESTORATION Py v TRYS)



OPTIMAL RECOVERY
PROCEDURES
(ORPs)



OPTIMAL RECOVERY PROCEDURES

EVENT-SPECIFIC

EVENT DIAGNOSTICS

OPERATOR GUIDANCE FOR PLANT RECOVERY FROM KNOWN EVENT/CONDITION STATE

MAINTENANCE OF CSFs INHERENT IN PROCEDURES

EQUIPMENT FAILURE CONTINGENCIES AND TRANSITIONS TO FRPs



EMERGENCY CONTINGENCY
ACTIONS
(ECASs)



EMERGENCY CONTINGENCY ACTIONS

EVENT-SPECIFIC

POSSIBLE BUT HIGHLY UNLIKELY EVENTS
OPERATOR GUIDANCE FOR PLANT RECOVERY
TRANSITIONS BACK TO ORGs
MAINTENANCE OF CSFs APPLICABLE

TRANSITIONS TO FRPs WHEN DIRECTED



CRITICAL SAFETY
FUNCTIONS



CRITICAL SAFETY
FUNCTION

AN ACTIVITY WHICH ASSURES THE INTEGRITY OF THE PHYSICAL BARRIERS AGAINSI

RADIATION RELEASE



CRITICAL SAFETY FUNCTION SELECTION

0 COMPLETE SET

O LTMITED NUMBER

0 COMPATIBLE WITH ERP STRUCTURE

0 PREVENT BARRIER FAILURE



“DEFENSE IN DEPTH”
(MULTIPLE BARRIERS)
FUEL MATRIX, FUEL CLAD
REACTOR COOLANT SYSTEM
CONTATNMENT

DISTANCE



CRITICAL SAFETY FUNCTIONS

PRIORITY ~  FUNCTION SYMBOL
D SUBCRITICALITY (S)
2) CORE COOLING ()
3) HEAT SINK (H)
) INTEGRITY P
5) CONTATNMENT (D)

b) INVENTORY (D



CRITICAL SAFETY FUNCTION SET

MAINTENANCE OF SUBCRITICALITY

MAINTENANCE OF CORE COOLING

MAINTENANCE OF A HEAT SINK

MAINTENANCE OF REACTOR COOLANT SYSTEM INTEGRITY

MAINTENANCE OF CONTAINMENT INTEGRITY

CONTROL OF REACTOR COOLANT SYSTEM INVENTORY



SAFETY FUNCTION RELATIONS 10 BARRIERS

BARRIERS SAFETY FUNCTIONS
¢ FUEL MATRIX SUBCRITICALITY
0 FUEL CLAD CORE COOLING

INVENTORY

® REACTOR COOLANF HEAT SINK
SYSTEM BOUNDARY

INTEGRITY

INVENTORY

§  CONTAINMENT CONTAINMENT
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@ MONITORING PLANT SAFETY STATUS TOTALLY INDEPENDENT OF ORPs

0  CHALLENGES TO CSFs SYSTEMATICALLY AND EXPLICITLY DIAGNOSED

® APPROPRIATE FRP PRIORITIZED BY STATUS TREES



STATUS TREE CONSTRUCTION

EACH TREE REPRESENTS ONE CSF

EACH BRANCH DEFINES A CSF STATUS WITH A UNIQUE COMBINATION OF CONDITICNS

OPERATOR RESPONSE PRIORITIZED BY:
= STATUS TREES MONITOR ORDER
- UNIQUE PATH COLOR

= UNIQUE PATH INSTRUCTIONS



CSF STATUS COLOR-CODING

COLOR SI16N:F 1CANCE

GREEN 0 CSF SATISFIED
® NO ACTION REQUIRED

YELLOW 0 CSF NOT FULLY SATISFIED
0 ACTION MAY BE NEEDED

ORANGE ® CSF UNDER SEVERE CHALLENGE

0 PROMPT ACTION NEEDED

RED 8 CSF IN JEOPARDY
0 IMMEDIATE ACTION REQUIRED
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CRITICAL SAFETY FUNCTIONS
(STATUS TREES AND FRPs)

ADVANTAGES

0  INDEPENDENT OF INITIATING EVENT

® GUIDANCE BEYOND DESIGN BASIS

LIMITATIONS

O CENERALLY NOT ADEQUATE FOR PLANT RECOVERY

¢ SUPPLEMENTED BY EVENT-SPECIFIC RECOVERY PROCEDURES (ORPs)



FUNCTION RESTORATION
PROCEDURES



FUNCTION RESTORATION PROCEDURES

NON-EVENT-SPECIFIC

STATUS TREES® YELLOW, ORANGE, OR RED TERMINUS COVERED BY PROCEDURES

DIRECT RESPONSE TO CSFs CHALLENGES

TRANSITIONS TO ORPs AFTER SAFETY-FUNCTION CHALLENGE REMOVED

COMPREHENSIVE COVERAGE

ALL CONCEIVABLE CHALLENGES TO CSFs ADDRESSED
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2.

Purpose and Scope

The purpose of this document is to provide administrative and techmical
guidance on the preparation of Emergency Response Procedures. This guide
applies to both Optimal Recovery Procedures, Function Restoratiom
Procedures, and Critical Safety Function Status Trees.

ERP Doot‘ggtion and Numbering

ERPs specify operator actions to be taken during plant emeigency situations
to return the plant to a safe stable condition. Each procedure shall be
uniquely identified to facilitate preparation, review, use, and subsequent
revision.

2.1 Procedure Title
Every separate procedure shall have its own descriptive name which
summarizes the scope of that procedure, or states the event(s)
which it is intended to mitigate.

2.2 Procedure Numbering

Each separate procedure shall be identified in two ways, i.e.; an
alpha-oumeric code which is identical to the Westinghouse Owners
Group (WOG) numbering method and the plaat procedure anumber.

In order to comply with station manual procedure AQL.002 and still
retain the Human Factors Engineered Systems developed by the
Westinghouse Owners Group (WOG), the emergency procedures will be
numbered in two ways.

The procedure number must be in accordance with AQL.002 and will
appear in the upper right-hand box of each page. (The WOG iden-
tifier will be called the procedure code and will appear in the
upper left-hand box of each page.) WOG numbers must contaln the
same general form that appears in all WOG Procedures including
proper positioning of dots and dashes. For example, E-0, ES-0.1,
FR«H.l. Operators will learn and use the WOG codes for procedure
use. The plant specific procedure numbers will be used exclusively
for cocument control.

Each emergency procedure number will follow AQL.002 with Ehc first
four positions in each of the emergency procedures being the same,
that is 0S13.

¢ The fifth position will correspond to the main procedures.

0S13 EE] E-0 Procedures

0§13 EIJ E~1 Procedures




0S13 m E-2 Procedures

0Sl13 m E-3 Procedures
0Ss13 m ECA Procedures
0sl3 E:I FR Procedures and Status Trees

os131 [1] ES-1.1
08134 m ECA-2.1 Procedure
This applies to all procedures except the FR Procedures.

e After the decimal in the other procedures the number will
correspond to alternate sub-procedures.

081340. EZI Loss of AllL AC Power Recovery
Without SI Required, ECA-0.l

e In the MR Procedures, the sixth position will correspond tv the
FR category.

08135 m Status Trees

08135 m : Sub-Criticality Procedures

0S135 m Core Cooling Procedures

05135 m Heat Sink Procedures

0S135 m Reactor Coolant System Integrity
Procedures

08135 m Containment Integrity Procedures

08135 E‘:I Reactor Coolaut Inventory Procedures

e After the decimal in the FR procedures the number will corre-
spond to individual procedure in the appropriate categories,.

0S1351. DJ Respouse to Nuclear Power Genera~
tion/ATWS
081352, EI Response to Legraded Core Cooling



2.4

Format
—————

Revision Numbering

Revision numbering for the WOG code shall be handled as specified
in the generic ERG set. A change in the current revision number of
WOG ERG does not mandate that the code revision number also change.
Each new revision of the WOG ERGs will be evaluated on a case-by-
case basis. If the new ERG revision has sufficient merit to
warrant a plant procedure revision, the ERG revision number used as
a basis for the plant procedure will be updated in the code block.

Revision numbering for ERPs will be handled in accordance with
plant administrative procedures.

Pa‘. Numbering and Identification

Each page of a pruredure will be identified by the procedure title,
alpha-numeric designe.or, "Rev.” designator, and date in title
blocks at the top of the page. Ez:. page number will be specified
as "__of _ ", centcred on the bottom of the page. The last page
of iastructicas will have the word "END" following the last

iastruction step.

The following format is to be applied consistently to all Emergency
Response Procedures:

3.1

3.2

Procedure Organization

All Optimal Recovery Procedures (ORPs) will have three (3) sec~-
tions. The Cover Sheet will summarize procedure intent and state

either entry symptoms or means of entry. The Operator Actions will
comprise the bulk of each procedure and present the actual stepwise
guidance. The OEitltot Action Summary appears on the back side of
each page as applicable and provides information which could direct
further operator action at any point in the procedure.

Pa.o Formats

- All pages of the Emergency Response Procedures (ERPs) will use the

same page structure. This page structure employs a pre-printed
border to ensure all margins are correctly maintained, and pre-

printed designator boxes and page cues to assure comple.eness and
consistency. (See Figure 1l).

The pages for presentation of operator action steps will use a two-
column format within the pre-printed btorder. The left-hand column

is designated for operator action, and the right-hand coluamn is
designated for contingency actions when the expected response is
not cbtained. These pages will use pre-printed title blocks above
the separate columns (including the "step” column) for uniformity
(See Figure 2).

«3e




4.

3.3

Instructional Step Numbering

Procedural steps will bDe numbered as follows:
1. High-level step

a. Substep

1) Detailed instructions (if necessary)

Substeps are lettered sequentially according to expected order of
performance. If the order of substep performance is aot importan-,
the substeps are designated by bullets (o). If the logical OR is
used, both choices may be designated by bullets. This same num-
bering scheme is to be used in both the right and left colummns of
the guidelines. (See Figure 3).

3:3:1 Immediate Action Steps

For those procedures which can be entered directly based
on symptoms, certain initial steps may be designated
"immediate actions". This designation implies that those
steps may be performed by the operator, hased Ga his
memory, without reference to the written procedure. These
steps should be limited to verificutions, if possible.
Iomediate action steps are identified by a NOTE (see
Section 4.2.4) prior to the first action step.

Example:
NOTE: Steps L through l4 are IMMEDIATE ACTION steps.

Jedsd Continuous Steps

Many of the operator actions provided in a procedure imply
continuous performance throughout the remainder of the
procedure. This intent is best conveyed by the usa of
appropriate action verbs such as monitor, maintain, or
control.

Urttin‘ the Procedure

The following format is to be applied consistently when writing Emergency
Response Procedures (ERPs):

4.1

Cover Sheet

Each cover sheet will contain two explanatory sections in addition
to procedure and page designators. The first will be titled
"PURPOSE" and will briefly describe what the procedure (s intended
to do for the operator. The second section is a summary of those
conditions which require entry into the procedure. This section

o b



4.2

will be titled "SYMPTOMS OR ENTRY CONDITIONS". Certain procedures
such as E-0 and ECA=0.0 can be entered purely based on symptoms;

for these procedures, a symptom summary is sufficient (see Figure 4).
For other procedures which can only be entered by transition from
previcus procedures, i summary of the entry conditions (and
procedure/step) should be provided. (See Figure 5).

Oggtator Actions

Steps directing operator action should be written in short and pre-
cise language. The statement should present exactly the task which
the operator is to perform. The equipment to be operated should be
specifically identified, and only those plant parameters should be
specified which are presented by instrumentaticn available in the
control room. (If possible, use of qualified instruments is
desired.) It is not necessary to state expected results of routine
tasks or specify instrument usage if qualified instruments are
already identified in the main control room.

All steps are assumed to be performed in sequence unless stated
otherwise in a preceding NOTE (see Section 4.2.4). To keep the
individual steps limited to a single action, or a small number of
related actions, any complex evolution should be broken down irto
composite parts.

Actions required in a particular step should not be expected to be
complete before the next step is begun. If assigned tasks are
short, then the expected action will probably be completed prior to
continuing. However, {f an assigned task is very lengthy, addi-
tional steps may be performed prior to completion. If a particular

task must be coapleted prior to continuation, this condition must
be stated clearly in that step or substep.

Refer to Figure 6 as an example of the format for presenting opera-
tor actions in the followinz sections.

&:2:1 Instruction Steps, Left-Hand Column

The left-hand column of the two=column fo:mat will be used
for operator instruction steps and'cxpoc:cd responses.
The following rules of comstruction apply:

e High Level Action steps should begin with an
appropriate verb, or verb with modifier.

e Expected responses to operator actions are shown in ALL
CAPITAL LETTERS.

e If a step requires multiple substeps, then each substep
will have its own expected response if applicable.

T e T e g



4.2.2

If only a single task is required by the step, the high
level step contains its own EXPECTED RESPONSE.

Left-hand column tasks should be spacified in sequence
as if they could be performed in that manner. The user
would normally move down that left~hand column when the
expected response to a particular step is obtained.

When the expected response is 20t obtained, the user is
expected to move ro the right-hand column for con=
tingency instructions.

All procedures should end wirh a transition to either
another guideline or to some normal plant procedure.

Instruction Steps, Right-Hand Column

The right-hand column is used to present contingency
actions which are to be taken in the event that a stated
condition, event, or task in the left-hand column does not
represent or achieve the expected result. Contingency
actions will be specified for steps or substeps for which
useful alternatives are available. The following rules
apply to the right-hand column:

Contingency actions should”identify directions to
override automatic controls and to initiate manually
vhat is normally initiated automatically.

Contingency actions should be numbered consistently
with the expected response/action for substeps only. A
contingency for a single-task high-level step will not
be separately numbered but will appear on the same line
as its related step.

If the right-hand column contains multiple contingency
actions for a singie high-level action in the left-hand
column, the phrase "Perform the following:" should be
used as the introductory high-level statement.

The user is expected to proceed to the next aumbered
step or substep in the left~hand column after taking
contingency action in the right-hand coluamn.

As a general rule, all contingent transitions to other
procedures take place out of !E. right=hand column.

(Pre=planned transitions may be made from the left-hand
column.)

If a contingency action cannot be completed, the user
is expected ro proceed to the next step or substep in
the left~hand column unless specifically instructed
otherwise. When writing the procedure, this rule of
usage should be considered (n wording subsequent lefr~-
hand column instructions.

-60



e If a contingency action must be completed prior to con-
tinuing, that instruction must appear explicitly in the
right-hand column substep.

Use of Logic Terms

The logic terms AND, OR, NOT, IF NOT, WHEN, can NOT, and
THEN, are to be Used To describe pFncliﬁI& a set oF con-

ditions or a sequence of actions. Logic terms will be
highlighted for emphasis by capttalizin; and underlining.
(See Figure 6.)

The two-column format equates to the following logic: “IF
NOT the expected response in the left-hand column, THEN
perform the contiigency action in the right-hand column.”
The logic terms siwould not be repeated ir the right-~hand
column contingenc; . However, the logic terms may ‘e used
to introduce a secondary contingency in the right-~rand
column.

When action steps are contingent upon certain conditions,
the step shall begin with the words IF or WHEN followed by
a description of those conditions, a comma, the word THEN,
and the action to be taken.

IF is used for an unexpected, but possible condition.
WHEN is used for an expected condition.

AND calls attention to combinations of conditions and
shall be placed between each condition. If more than two

conditions are to be combined, a list format is preferrad.

OR implies alternative combinations or conditions. OR
means either one, or the other, or both (inclusive).

LF...NOT or IF...can NOT should be used when an operator
WUST respond to the s@cond of two possible conditions. IF

should always be used to specify the first condition.
(The right-hand column of the two-column format contains
an implicit IF NOT.)

Notes and Cautions

Because the present action-step wording is reduced to the
ainimum essential, certain additional information is some-
times desired, or necessary, and cannot be merely included
in a background document. This non=action information {s
presented as either a NOTE or a CAUTION. (See Figure 6.)




4.2.5

To distinguish this {nformation from action steps, it will
extend across the entire page and will immediately precede
the step to which it applies. Each category (NOTE or
CAUTION) will be preceded by its descriptor in large,
bold, letters. Multiple statements included under a
single heading shall be separately identified by noting
them with bullets (e).

CAUTION denotes some potential hazard to personnel or

" equipment associated with the following instructional

step. A CAUTION may also be used to provide contingent
transition based on unfavorable changes in plant con-
dicions. NOTE is used to present advisory or administra=-
tive information necessary to support the following action
instruction.

As a general rule, neither a CAUTION or NOTE will contain
an instruction/operator action step; however, reference
may be made to expected actions in progress.

Transitions to Other Procedures or Steps

Certain conditions require the use of a different proce-
dures or step snaycnce. Transitions are specified by
using the words "go to"” followed by the procedure designa-
tor, title (in CAPITAL LETTERS) and step number.

Transitions shall NOT contain a “return” feature (i.e.,
perform steps X through Y in some other procedure and then
return).

Example: Go to ES-0.l, REACTOR TRIP RESPONSE, Step 1.

Transitions to a differént step later in the same proce~-
dure are specified in a similar manner.

Example: Go to Step 20.

Transitions to an earlier step in a procedure are spe-
cified by using the words “return to”.

Example: Return to Step 2.

Transitions to a step which is preceded by a CAUTION or
NOTE shall include special wording to assure that the
CAUTION or NOTE is observed.

Example: If conditions are NOT sarisfied, THEN go to Step
22. OBSERVE CAUTION PRIOR TO STEF 22.



4.2.6

4.2.7

4.2.8

Cg_!ggunt Idencification

Equipment, controls and displays will be identified in
"operator language” terms. Standard abbreviations which
may be used throughout the guidelines are listed alphabe-
tically in Table 2. Since similar components are used in
both primary and secondary systems, it is always necessary
to clarify the location, even if the wording appears
redundant.

Example: PCCW vs. SCCW identifies primary component
cooling water as distinct from the secondary
component cooling water.

Level of Detail

To allow an operator to efficiently execute the action
steps in a procedure, all unnecessary detail must be
removed. Any information which an operator is expected to
know (based on his training and experience) should not be
included. Mauy acruation devices (switches) in the
control room are similar, even though the remotely per=-
formed functions are not, so certain action verbs listed
here are recommended. :

e Use "start/stop” for power-driven rotating equipment.
e Use “open/close/throttle” for valves.

e Use "control” to describe a manually maintained process
variable (flow, level, temperature, pressure).

e Use “"trip/close” for electrical breakers. (PULL-TO-
LOCK for breaker switches with a pull-to-lock feature).

o Use "place in standby” to refer to equipment when
actuation is to be controlled by automatic logic
circuitry.

Figures

I1f needed to clarify operator action instructions, figures
shall be added to a procedure. Any figure used will be
constructed to fit within the pre-printed page format (see
Figure 1). Certain rules of construction will apply:

e All wording on the figure shall be at lea~" as legible
(type size and spacing) as the instructiov steps in the

guidelines.



‘.z.’

e Each figure will occupy a complete page «nd will be
uniquely identified by a figure number aid title. The
figure oumber will consist of the procedure designator,

without punctuation, followed by a hypher and an
integer.

Example: Figure E-3~l

e Figure titles will explain the intent or content of the
figure.

¢ The figure number and title will be placed at the
top of the page just inside the printed border.

e If the figure is a graph, all the numbers and wording
will be horizontal if possible. By convention, the
independent variable is plotted on the horizontal (X)
axis. Grid line density should be consistent with the
resolution expected from the graph. Any labeling
required on the graph will have a white (not graph)
background. Figure 7 is an example figure showing pre-
sentation of a graph.

¢ All figures for a procedure are numbered sequentially
and appear at the end of the procedure. Figure pages
are numbered as pages of that procedure. Any figures
required for an ATTACHMENT are numbered in sequence
with the procedure figures, but have page numbers
corresponding to placement in the attachment.

Tables

Tables may be used within the text of a procedure to
clearly present a large number of separate options. A
table will immediately follow the step or substep which
makes use of it. Therefore, it does not require a unique
aumber and title. Any table will be completely enclosed
by a distinct outline; if necessary, it may extend into
the ad jacent column because of this delineation.

All information presented in a table shall be at least as
legible (type size and spacing) as the instruction steps

in the guideline.

All columns and rows of information in a table will be
defined by solid lines.

All column and row headings shall be presented in upper
case type.

Absence of a table element will be (ndicated by a dash.
Figure 8 presents a typical table.

- 10 =
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4.3

b.4

4.2.10

Supplementary information or detailed instructions which
would unnecessarily complicate the flow of a procedure may
be placed in an attachment to that procedure.

Attachments are identified by the title "ATTACHMENT"
followed by a single letter designator. This title is
centered at the top of a standard format page. The pre-

:nnod title blocks will be the same as for the proce~
ure.

Physically, ATTACHMENTs will be located after any Figures
belonging to procedure. Attachments will use a stn;!c-
column, full-page-width format. Figure 9 is an example
ATTACHMENT page.

Setpoint and Value Study

The "SETPOINT AND VALUE STUDY" is a listing of the setpoints and
values used in the ERPs and are plant specific to Seabrook Station.
This document provides all applicable setpoints, values, curves and
other parameters needed for the ERPs.

The "SETPOINT AND VALUE STUDY" also includes references, assump~
tions and actual calculations used to derive setpoints and values

and will be maintained as a plant controlled safety related docu~
ment for the life of the plant. This document is updated as
necessary with appropriate changes made to ERPs.

Ogg;a:or Action Sgg;;gz

The operator action summary appears on the back of applicable pro=
cedure pages and is titled "OPERATOR ACTION SUMMARY FOR E~X SERIES
PROCEDURES”. 1t will use a plain page format for distinction.

Each set of operator information will be numbered sequentially and
have an explanatory title. The title will be capitalized and

underlined for emphasis. This page contains those lmportant

actions which can be performed at any step in the procedures.
Refer to Figure 10.

Status 1:00 Format

Critical Safety Function Status Trees are presented in the "block” version
and all trees in the set use the same format. Similarly, the trees may be
oriented either vertically or horizontally on a page, so long as the orien-

tation is consistent over the set. Refer to Figure ll.

Color=coding and/or line-pattern coding shall be used from each last branch
point to its terminus.

-ll-



6.

All taxt on the Status Trees shall he at least as legible (type size and
spacing) as the instruction steps in 'he procedures. Refer to Table 4 for
the color usage legend.

Each status tree shall have at the top of the page, a designator block
idencical to that used in the standard procedure format, and containing the
same information.

Statements shall be worded so that the favorable response is downward.
Termini shall be ocrdered so thar REDs are uniformly at the top and GREENs
at the bottom. Termini order should be RED -~ ORANGE -~ YELLOW = GREEN if
posusible.

CRT presentartion of status trees should conform to this format for
consistency.

Mechunics of Style
6.1 Spelling

All spelling should be consistent with modern usage as specified in

the Oxford Dictionary of tha English Language, unabridged version.
6.2  Pumctuacion

Punctuation should be used only as necessary to aid reading and

preveant aisunderstanding. Word order should be selected to require

4 ainisum of punctuation. The following rules apply:

¢ Use a golon to indicate that a list of items is to follow.
Example: Stop the following equipment:

¢ Use a comma aftrer conditional phrases for ease of reading.
Example: [LF level exceeds 50%, THEN . . .

¢ (Use parsuchesis to indicate alternative items in a guideline.

o Use a !gsag%h:o indicate the end of complete sentences and for
indicating decimal place in numbers.

¢ Use a dash to separate a required action and its expected
response and alsc to indicate a null table element.

Exanple: Verify 51 Pump = RUNNING
6.) Capit tion

Capitalization shall be used in the procedures for emphasis i(n the
following cases:

e Logic terus will be cu;t;alxzod and underlined.
“ 12 -



6.4

6.5

. I:Ioccod responses (left-hand column of instructions) are capi-
talized.

e Titles of procedures will be completely capitalized whenever
referenced within any guideline.

¢ Operator action steps may be capitalized FOR EMPHASIS.
e Abbreviations (TABLE 2) are commonly capitalized.

¢ Section headings on operator action summary pages are capita-
lized and underlined.

Vocabulary

Words used in the procedures should convey precise meaning to the
trained operator. Simple words having few syllables are preferred.
These are typical of words in common usage.

Verbs with specific meaning should be used. The verb should
exactly define the task expected to be performed by the operator.

A list of frequently used verbs is included as Table 3.
Some words have unique meanings as listed below:

manual (manually) = an action performed by the operator in the
control room. (The word is used in contrast to

an automatic action, which takes place without
operator intervention.)

local (locally) = an action performed by an operator outside the
control room. gt

Example: “Locally close valve” means directly
turning a handwheel to close a valve.

Inequalities are to be expressed in words rather than symbols:
f.e.,, "greater than, less than”. These words are always

appropriate for comparing pressures, temperatures, levels and
flowrates.

Numerical Values

All numerical values presented in the procedures should be con=
sistent with what can be read on instruments in the control room
(L.0., consistent with instrument scale and range).

The number of significant digits presented should be equal to the
reading precision of the operator.

- 13 -



8.

Acceptance values should be stated in such 2 way that any addition
and subtraction operations are avoidad, {f possible. Thi: is done
by stating acceptance values as limits. Examples: 2500 psig maxi-
mum, 350°F minimum, bSetween 450°F and 500°F. Tolerances can be
expressed by staring the normal value followed by cthe acceptable
range in parenthesis.

Exanple: 550°F (540°F to 560°F)
Avoid: 550°F + 10°F if possible
Engineering units should always be specified when presenting

numerical values for process parameters. They should be the same
as those used on rhe control room displays.

6.6 Abbreviations and Acronyms

Abbreviations and acronyms should be limited to those commonly used
by cperators. Table 2 lists the most common ones necessary for
these procedures. Abbreviations and acronyms should be used when-
ever possible to simplify the procedures.

Abbreviations snd acronyms from Table 2 will be uniformly capita-
lized whenever they are used.

Printed Format

The final printed format of the procedures will be clear and legible.
Final approved versions may be commercially printed at the option of sta-
tion manageuent.

Reproduction

Procedure reproduction will be done on a standard copier, without signifi-
cant loss of legibility. Uncontrolled copies shall be marked "FOR
INFORMATION ONLY" or "UNYESTED" for those procedures which have not been
validated and verified on the plant simularor or in actual practice.

- 14 =



TABLE 1
= SEABROOK STATION -

EXELCZNCY RESPONSE PROCEDURE LNDEX

e
|
NUMBER TITLE | CODE |
+ —
| !
Qsidwv Reactor Trip or Safety Injection | E-0
0§1300.1 Rediagnosis £5-0.0
051301 Reactor Trip Response E§-0.1
081302 Natural Circulation Cooldown £S-0.2
081303 Natural Circulation Cooldown With Stesm Void in Vessel ES-0.3
(Wich RVLIS)
08130¢ Natural Circulation Couldown With Steam Void in Vessel ES«0.4
(Without RVLIS)
Q§l3l0 Loss of Reactor or Secondary Coolant E-1
0§1310.1 SI Termsination ES-1.1
0si31ll Post-LOCA Cooldown and Depressurization ES-1.2
0s1312 Traosfer to Cold Leg Recirculation ES-1.3
Qs1313 Transfer to Hot Leg Recirculation ES-l.4
081320 Faulted Steam Generator lsolation E-2
0s1330 Steanm Generator Tube Rupture E-3
081331 Post-SGTR Cooldown Using Backfill ES-3.1
081332 Post-SGTR Cooldown Using Blowdown £s-3.2
081333 Post-SCTR Cooldown Using Cteam Dump ES-3.3
081340 Loss of ALl AC Power ECA-0.0
081340.1 Loss of ALl AC Power Recovery Without 51 Required ECA-0Q.1
0S5i340.2 Loss of ALl AC Power Recovery With S1 Reguired ECA-0.2
QSliel.l Loys of Emergency Coolant Recirculationm tu-x.x,
0S1361.2 LOCA Outside Containment ECA-1,2
OS1362.1 Uncontrclled Depressurization of All Steam Generators ECA-2.1 |
| |
0§1343.1 SGTR With Loss of Reactor Coolant - Subcooled Recovery ' ECA-3.1
Desired : i ‘
981343.2 SGTR With Loss of Resctor Coolant - Saturated Recovery ; 10-3.2;
! Desired ; |
0S1343.3 | 335TR Without Pressurizer Pressure Comtrol ECA-3.3 |
L L1el i MmAad 1 R M1 :
081350.1 Subcriticality (Critical Safety Function Status Tree) F=0.1 }
081350.2 Core Cooling (Critical Safety Fumction Status Tree) F=0.2 i
081350.3 Heat Siok (Critical Safety Function Status Tree) Fe0.3 |
081350.4 Ilotegrity (Critical Safety Function Status Tree) F=0.6 |
0§11350.5 Containment (Critical Safety Fumction Status Tree) F«0.5 ‘
051350.6 loventory (Critical Safety Function Status Tree) Fe0.6
|
081351.1 | Response to Nuclear Power Generation/ATWwS FR-S5.1 |
OS1351.2 | Response to Loss of Core Shutdown | FR-5.2 4
| |
0s13s2.1 Response to lnadequate Core Cooling l FR«C.1 |
081352.2 Response to Degraded Core Cooling | FReC.2 !
0§1352.3 Response to Saturated Core Cooling Comdition | Fl-c.Jﬁ
951353.1 Response to Loss of Secondary Heat Sink | MRed.l |
0§1353.2 | Response to Steam Generator Overpressure | FReH.Z |
0S81353.3 | RKesponse to Steam Generator High Level | FReH,3 |
051353.4 Response to Loss of Steam Dump Capabilities | FReH.e |
081353.5 Response to Steasm Generator Low Level | FReH.5 |
| |
08135«.1 Response to lmminent Pressurized Therma. Shock ‘ fR-P.1 |
Conditions | '
081354.2 Response to Anticipated Pressurized Thermal Shock FR-P.2 |
Conditions ‘ f
! |
081355.1 Response to Aigh Containment Pressure | M-Z.1
| 984333.0 | Response to lontainment Flooding FRel.d
JS1335.. | Aesponse to Higr Cortainment Radiation Level FR=2.J
0sllise6.1 ‘ Rezponse to digh Pressurizer Level | FReL.l |
0sl1356.2 Response to Low Pressurizer Level | FR-1.2 |
L 0513%6.3 Respouse to Voids in Resctor Vessel | FRe1.3 |

e 1S -



COMMON
ABBREVIATIONS USED IN PROCEDURES

ac = alternating current (electrical)
EFW = - emergency feedwater

ASDV - atmospheric steam dump valve

ATWS = anticipated transient without scram
BA = Dboric acid

BAT = boric acid (storage) tank

BIT =~ boron injection tank

BTRS = Dboron thermal regeneration svstem
CCP -~ centrifugal charging pump

CCW - component cooling water (preceded by an S or P)
CRDM =~ control rod drive mechanism

CST =~ condensate storage tank

CVCS -~ chemical and volume control system
CVCT =~ chemical volume control tank

de = direct current (electrical power and signals)
DG -~ diesel generator

DWST =~ demineralized water storage tank
EPS - emergency power sequencer

ECCS =~ emergency core cooling system

HP = high pressure

HX = heat exchanger

LOCA =~ loss of coolant accident

LOP - loss of power

LP = low pressure
MCC - motor control center
MD = motor driven (in reference to pumps)

MSI' -~ main steamline isolation valve

NIS - nuclear instrumentation system

NR - narrow range (level indication)

POEV = power operated relief valve (pressurizer only)
PDP - positive displacement pump

PRT - pressurizer relief tank

PRZR - pressurizer

RAT = reserve auxiliary transformer

R.2 = reactor coolant pump

RCS = reactor coolant system

FHR = residual heat removal

MO - remote manual operation (relay designation)
RPV = reactor pressure vessel

RWST = refueling water storage tank

RVLIS - reactor vessel liquid inventory system
SI - safety injection

SG - steam generator

SGTR = steam generator tube rupture

SUR - startup rate

SW - service water

TA - tower actuation

TC = thermocouple

D - turbine driven (in reference to pumps)

TSC - technical support center
UAT = uynit auxiliary transformer
WPB - waste processing building
WR = wide range

- 16 =



TABLE 3

ACTION VERBS

Actuate To put into action or motion; commonly
used to refer to autcmated, multi-faceted
operutions.

Examples: Actuate S.I., Actuate Phase A,
. Actuate Containment Spray

Align To arrange components into a desired
configuration.

Examples: Align the system for normal
charging. Align valves as
appropriate.

Block To inhibit an automatic actuation.
Example: Block SI actuation.

Check To note a condition and compare with some
guideline requirement.

Example: Check PRZR level - GREATER
THAN 20%.

Close To change the physical position of a
‘mechanical device. Closing a valve pre=-
vents fluid flow. Closiag a breaker

allows electrical current flow.

Complete To accomplish specified procedure
requirements.
Continue To go on with a particular process.

Example: Continue with this procedure.

Control To manually operate equipment as
necessary to satisfy procedure require-
ments on process parameters - pressure,
temperature, level, flow.

Example: Control pressurizer level.
Determine To calculate or evaluate using formula or
graphs.

Example: Determine maximum venting
time.

- 17



ACTION VERBS (CONTINUED)

Energize To supply electrical emergy to
(something). Commonly used to describe
an electrical bus or other dedicated
electrical path.

Examples: Energize AC emergency buses.
Energize PRZR heaters.

Enter To insert into or add to.
Establish To make arrangements for a stated con-
ditiono

Example: Establish normal pressurizer
pressure and level control.

Evaluate . To examine and decide; commonly used in
reference to plant conditions and opera-
tions.

Example: Evaluate plant condi:icns.

Initiate To begin a process.

Example: Initiate flow to all SGs.

Load To connect an electrical component or
unit to a source of electrical energy.
May involve a "start” in certain cases.

‘Example: Load the following equipment
on AC equipment buses:

Maintain To control a given plant parameter to
some procedure requirement continuously.

Example: Maintain SG level in the
narrow range.

Monitor Similar to "check"”, except implies a con-
tinuous function.

Open To change the physical position of a
mechanical device to the unobstructed
position. Opening a valve permits fluid
flow. Opening an electrical breaker pre-
vents current flow.

Place~in-standby To return a piece of equipment tO an
inactive status but ready for start on
demand; commonly used to refer to a mid-
position on a switch labeled "AUTO".

Example: Stop the pumps and place in
standby.
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Reset

Record

Sample

Start

Stop

Throttle

Trip

Verify

ACTION VERBS (CONTINUED)

To remove an active output signal from a
retentive logical device even with the
input signal still present; commonly used
in reference to protection/safeguards
logics in which the actuating signal is
"locked=in". The RESET allows equipment
energized by the initial signal to be de-
energized.

Examples: Reset SI, Resetr Phase A.
To document specified characteristics.

Example: Record RCS average temperaturc.

To take a representative portion for the
purpose of examination; commonly used to
refer to chemical or radiological exami-
nation.

Examples: Sample for RCS boron concen-
tration. Samples for side activity.

To originate motion of an electrical or
mechanical device, either directly or by
remote control. a

Example: Start one RCP.

"To terminate motion of an electrical or

mechanical device.
Example: Stop both diesels.

To operate a valve in an intermediate
position to obtain z certain flow rate.

Example: Throttle flow control valve to
establish desired flow.

To manually ac ‘vate a semi-automatic
feature. Commonly, “trip” is used to
refer to component de-activation.

Examples: Trip the reactor; trip the
turbine. Trip a breaker.

To observe that expe:ted characteristic
or condition exists. 1ypically the

expectarion comes from some previous
automatic or operartor action.

Examples: Verify Reactor Trip, Verify SI
Pumps - RUNNING.
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TABLE 4

STATUS TREE COLOR LEGEND

COLOR CODE Definition
Green The critical safety function is satisfied - no

operator action is called for.

Yellow The critical safety function is not fully
satisfied - operator action may eventually be
needed.

Orange The critical safery function is under severe

challenge - prompt operator action it necessary.

Red The critical safety function is in jeopardy -
immediate operator actiocn is required.

- 20 -



wode:

Syaptom/litlie:

rrocequre NO.
Revision No./Date:

FIGURE 1

Pre~Printed Page Format
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e e e e T e AR war e ey ST

Sysptom/Title: Procedure No.
Revision No./Date:

f | STEP | | ACTION/EXPECTED RESPONSE | | RESPONSE NOT OBTAINED |

FIGURE 2

Pre-Printed Page (2-Column) Format |

ro



Code: Symptom/Title: Procedure No.
Revision No./Date:

E-2 STEAM GENERATOR TUBE RUPTURE 0S1330
Rev. 1 (EXAMPLE ONLY) 0 / o0l/12/84
| STEP | [ACTION/EXPECTED RESPONSE | [[RESPONSE NOT OBTAINED |

17 Depressurize RCS To Minimize

Break Flow And Refill PRZR:

a. Normal PRZR spray - AVAILABLE a. Go to Step l3. OBSERVE
CAUTION PRIOR TO STEP 18.

b. Spray PRZR with maximum
available spray until ANY
of the following conditions
satisfied:

@ BOTH of the following:

1) RCS pressure - LESS
THAN RUPTURED SG
PRESSURE

2) PRZR level -~ GREATER
THAN 5% [(30% FOR ADVERSE
CONTAINMENT]

| e PRZR level - GREATER THAN 80Z% |

- O -

e RCS subcooling based on core
exit TCs - LESS THAN 30°F

c. Close spray valve(s)

1) Normal spray valves 1) Sctop RCP(s) supplying
failed spray valve.

e RC-PCV=-455A RCP-1C
e RC-PCV-455B RCP-1A

d. Go to Step 20. OBSERVE
CAUTION PRIOR TO STEP 20

o I3 -
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Revision No./Date:

REACTOR TRIP OR SAFETY INJECTION 0s1300
1 (EXAMPLE ONLY) 0 / 10/26/83

PURPOSE

This procedure provides actions to verify proper response of the automatic
protection systems following manual or automatic actuation of a reactor
trip oc safety injection, to assess plant conditions, and to identify the
appropriate recovery procedure.

SYMPTOMS OR ENTRY CONDITIONS

l. Any symptom that requires a manual reactor trip listed in ATTACHMENT A,
if one has uot occurred.

2. The following are symptoms of a reactor trip:
a. Any reactor trip annunciator lit.
b. Rapid decrease in neutron level indicated by nuclear instrumentarion.

c. All shutdown and control rods are fully inserted. Rod bofttom
lights are lit.

3. Any symptom that requires a manual reactor trip and safety injection
listed in ATTACHMENT 8, if one has not occurred.

4., The following are symptoms o0f a reacror trip and safety injection.
a. Any SI annunciator or status lamp lit.

b. ECCS pumps in service.
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Code. Syaptom/Title: Procedure No.
' Revision No./Date:
FR-H.4 RESPONSE TO LOSS OF NORMAL STEAM DUMP 0s1353.4
Rev. 1 CAPABILITIES (EXAMPLE ONLY) 0 / 10/11/83
A. PURPOSE
This procedure provides actions to respond to a failure of the
steam generator atmospheric steam dump valves (ASDVs) and con-
denser steam dump valves.
B. SYMPTOMS OR ENTRY CONDITIONS

This procedure is entered from F-0.3, HEAT SINK Critical Safety
Function Status Tree on a YELLOW condition.
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Loge.

Syspton/Iicle: Procedure NoO.
Revision No./Date:

E-0 REACTOR TRIP OR SAFETY INJECTION 0S1300
Rev. 1 (EXAMPLE ONLY) 0 / 10/26/83
| STEP | | ACTION, EXPECTED RESPONSE | | RESPONSE NOT OBTAINED |
FIGURE 6
25 Check I1f ECCS Flow Should Be
Reduced:
a. RCS subcooling based on a. DO NOT STOP ECCS PUMPS. Go
core axit TCs - GREATER to Step 27.
THAN 30°F
b. Secondary heat sink: b. IF neither condition satis-
fiad, THEN DO NOT STOP
CENTRIFUGAL CHARGING PUMPS
e Total EFW flow to intact OR SI PUMPS. Go to Step 27.
SGs - GREATER THAN 470 GPM
TOTAL COMBINED FLOW CAPA-
BILITY.
- OR -
e¢ WR level in at least one
€ intact SG = GREATER THAN
652
¢. RCS pressure - STABLE OR ¢. DO NOT STOP ECCS PUMPS. Go
INCREASING to Step 27.
d. PRZR level - GREATER THAN d. DO NOT STOP ECCS PUMPS. Try
5% to stabilize RCS pressure
with normal spray. Return
ro Step 25a.
26 Go To ES-l.1, SI TERMINATION,
Step 1
27 Initiare Monitering Of Critical

Safety Function Status Trees

1
CAUTION CST makeup should commence as early as possible ro ‘
avoid low inventory problems. !
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Revision No./Date:

FR-H.! RESPONSE TO LOSS OF SECONDARY HEAT SINK 0S1353.1
(EXAMPLE ONLY) 0 / 01/12/84
LSTEF | | ACTION/EXPECTED RESPONSE | | RESPONSE NOT OBTAINED |
FIGURE J

FIGURE FR-H.l~-l
REQUIRED ECCS FLOW
for

CORE BLEED AND FEED COOLING

CS FLOW (gpm)

~
-4

TOTAL EC

TIME AFTER SHUTDOWN




"R‘H- 1
Rev. 1

riocedure wo.

Revision No./Date:

RESPONSE TO LOSS OF SECONDARY HEAT SINK 0S81353.1
(EXAMPLE ONLY) 0 / 11/03/83

| ACTION/EXPECTED RESPONSE |

| RESPONSE NOT OBTAINED |

‘ | STEP |

20

NOTE W

Check If One
Stopped:

a. Two CCPs

FIGURE 8

After stopping any ECCS pump, RCS pressure should be
allowed to stabilize before stopping another ECCS pump.

The charging pumps and SI pumps should be stopped on
alternate ECCS trains when possible.

CCP Should Be

= RUNNING a. Go to Step 21l.

b. Determine required RCS
subcooling from table:

RCS SUBCOOLING (°F)
SI PUMP
STATUS NORMAL ADVERSE
CONTAINMENT | CONTAINMENT
NONE RUNNING 91° -9
ONE RUNNING 57°¢ 57°¢
TWO RUNNING 50° 50°
¢. RCS subcooling based on c. DO NOT STOP CCP. Go to
cove exit TCs - GREATER Step 23. ‘
THAN REQUIRED SUBCOOLING
d. PRZR level - GREATER THAN d. DO NOT STOP CCP. Go to
SZ [30% FOR ALVERSE Step 23.
CONTAINMENT |

e. Stop one CCP




T Wiy ewus saawe i P

Revision No./Date:

ES-1.2 POST LOCA COOLDOWN AND DEPRESSURIZATION 051311
Rev. 1 (EXAMPLE ONLY) 0 / 10/26/83
TEP ACTION/EXPECTED RESPONSE RESPONSE_NOT OBTAINED
ATTACHMENT &

The following conditions support or indicate natural circulation flow:
e RCS subce~ling based on core exit TCs - GREATER THAN 30°F
e SG pressurcs - STABLE OR DECREASING
e RCS hot leg temperatures - STABLE OR DECREASING
e Core exit TCs - STABLE OR DECREASING

e RCS cold leg temperatures - AT SATURATION TEMPERATURE FOR
SG PRESSURE

e Loop 4T - INDICATED

- 29 =

Q



(EXAMPLE ONLY)

(CFIcuRe 101

OPERATOR ACTION SUMMARY FCRQ E-3 SERIES PROCEDURES

SI REINITIATION CRITERIA

Manually operate SI pumps as necessary and go to ECA-3.l, SGTR

WITH LOSS OF REACTOR COOLANT ~ SUBCOOLED RECOVERY DESIRED, Step 1,

if EITHER condition listed below occurs:

e RCS subcooling based on core exit TCs - LESS THAN 30°F

e PRZIR level - CANNOT BE MAINTAINED GREATER THAN 5% [30% FOR
ADVERSE CONTAINMENT)

SECONDARY INTEGRITY CRITERIA

Go to E~2, FAULTED STEAM GENERATOR ISOLATION, Step 1, if any SG

pressure is decreasing in an uncontrolled manner or has completely

depressurized, and has not been isolated, unless needed for RCS
cooldown.

COLD LEC RECIRCULATION SWITCHOVER CRITERION

Go to ES~1.3, TRANSFER TO CdLD LEG RECIRCULATION, Step 1 if RWST
level decreases to less than 23.5%.

EFW SUPPLY

Commence CST makeup as soon as possible to avoid low inventory
problems.

RED PATH SUMMARY - ATTACHMENT A

KEY CAUTIONS

e Maintain RCS pressure less than ruptured SG(s) ASDV setpoint.

e If a MD EFW pump is running, shut dcwn steam driven EFW pump.
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Revision No./Dace:
F~0.2 CORE COOLING STATUS TREE 081350.2
(EXAMPLE ONLY) 0 / 0L/12/84
[ STEP | | ACTION/EXPECTED RESPONSE | | RESPONSE NOT OBTAINED |
FIGURE 11

GO TO
FR-C.1
[, %

FR-C.1

CORE 2uT MO
ENTER (em TS
GO TO
FR-C.2
GO TO
FR-C.2

Al LEAST
owe 3CP
A NNING

Acs P '-G GO TO
SUBCOOUNG H FR-C.3
ves|

{GREATER
THAN 20°F

,Q GO TO
R T res
L(

P SYNAMIC no |
~EAD
JREATER v(g

wAN
Bl %ﬂCPs
B0 Nach .G GO TO
“2RCPs
3 -‘NRCPS FR-C.3
CSF
\./ T
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l.

2.

INTRODUCTION

The Emergency Response Guidelines (ERGs) developed by the Westinghouse
Owners Group (WOG) combined with plant-specific knowledge provided by the
Seabrook Station staff, has resulted in a complete set of Emergency
Response Procedures (ERPs) for Seabrook Station. The two-column format
used to present the ERPs contains implicit rules of usage which supplement
the technical instructions. The Critical Safety Function Status Trees have
their own format and rules of usage. Priorities have been established bet-
ween the Optimal Recovery Procedures (ORPs) and Function Restorationm
Procedures (FRPs) which are intended to direct operator action to the most
urgent operationmal or safety conditionms.

Each of these aspects of using the Emergency Response Procedures is pre-
sented in detail in the following sections.

CONTROL ROOM USAGE OF ERPs

Entry into an individual procedure begins at the cover sheet. The title
block presents the unique identifiers for each procedure, and the purpose
and entry conditions are described in separate paragraphs.

Individual operator action steps are presented in the two-column format
beginning on the following page. Certain special information is also pre-
sented, which is emphasized by not following the standard two-columan for-
mat. This information is of two types:

e NOTES contain administrative or advisory information which supports
operator actionm.

e CAUTIONS contain information about potential hazards to personnel or
cqqulcnt. They also advise on actions or transitioms which may become
recessary depending on changes in plant conditionms.

Both NOTES and CAUTIONS are introduced by their descriptor, in bold let-
ters, followed by the text extending across the entire page. If multiple
{tems are included after a descriptor, each item is distinguished hy 2 pre-
ceding bullet (o).

In general, NOTES and CAUTIONS apply to the step which they precede. A
NOTE or CAUTION which precedes the first operator action step may also
apply to the entire procedure. One type of NOTE ia this category is
described below:

l. Several procedures contain steps which are designated as "IMMEDIATE
ACTIONS". These steps are intended to be performed, if necessary,
without the written procedure being available. These procedures con-
tain a NOTE advising which steps are "immediate action" steps.

After observing any initial NOTES and/or CAUTIONS, the operator proceeds to
the first action step. In the two-column format, each step in the left-
hand column contains a highlighted high-level statement which describes the

task to be performed.



If the high level task requires multiple actions, then subtasks are spe-
cified. Following each task or subtask, the expected response or result is
given in CAPITAL LETTERS, separated from the task by a dash.
Example: Check Pressurizer Level - INCREASING.
Example: Check if Pressure Boundary is Intact:

a. Check response in all SGs -

[¢ NO SG PRESSURE DECREASING IN |
AN UNCONTROLLED MANNER

-0&-

e NO SG HAS COMPLETELY DEPRES~
SURIZED

Expected responses are not supplied for simple control manipulations or
actions.

Example: Stop All RCPs.

If sequence of performance is important, then the subtasks are designated
by letters (or numbers if finer detail is provided). If sequence of per-
formance is not important, the subtasks are designated by bullets (e).

Only a limited set of action verbs is used in the action steps. These
verbs have specific meanings in the context of their usage in the ERPs.
(Refer to the verb list in the ERP Writers Guide.)

Action steps are written so that the operator can proceed directly down the
left-hand column only. This columm contains all the expected conditions,
actions, and checks required to accomplish the stated purpose of the
procedure. ’

If however, the expected result or response is not obtained or the action
cannot be performed, the operator should move to the right-hand columm for
contingency instructioms. Thi. column is appropriately titled "RESPONSE
NOT OBTAINED". Almost all action steps contain some contingency actidm
statement. If one contingency action is appropriate for any of a series of
left-hand column subtasks, it is simply stated once as a high level con-
tingency. If a cuntingency is not provided, then the operator should
proceed to the next step or substep in the left-hand column.



Example:
Check CVCT Makeup Control System: Adjust controls as necessary.

a. Makeup set for GREATER THAN
RCS BORON CONCENTRATION

b. Makeup set for AUTOMATIC

The two column format thus equates to logical terms which would otherwise
be specifically stated: IF the conditions required in the left-hand column
are not achieved, THEN go to the right-hand columm for contingency instruc-
tions. For this reason, the first contingency action does not coantain the
highlighted logic terms IF and THEN. Subsequent contingency actions are

al /ays expressed using the logical comstruction.

Example:
Verify PRZR Level - GREATER Control charging flow to maintain
THAN 17% PRZR level. IF PRZR level can NOT

be maintained, THEN manually ope-
rate ECCS pumps as necessary.

After taking the contingency action in the right-hand colummn, the operator
should proceed to the next step or substep in the left-hand columm. If the
contingency action cannot be performed or is not successful, and further
contingency instruction is not provided, the operator should again return
to the next step or substep in the left-hand column.

Unless otherwise specified, a required task need not be fully completed
before proceeding to the next instruction; it is sufficient to begin a task
and have assurance that it is progressing satisfactorily. This assures
el’icient implementation where steps are very time consuming. In certain
cases, where local operator actions are required (outside the control room)
‘a speciai NCTE may be added to reinforce this rule of procedure usage.

If a particular task must be complete prior to proceeding, the step con-
taining the task will explicitly state that requirement.

Transitions to other procedures or to different steps in the same procedure
may be made from either columm. Such transitions should be made realizing
that preceding NOTES or CAUTIONS are applicable. Auny tasks still in
progress need not be completed prior to making a transition; however, thc
requirement to complete the tasks is still present and must not be
neglected.

Each prccedure ends with either a specific transition to another procedure,
if further operator guidance is required; or with the plant being main-
tained in a steady-state condition. Often in ERPs, the final tramsition is
to "procedure and step in effect"”. This wording results from the symptom-
dependent transitions performed in accordance with ru'es of usage and not
located at a specific procedure and step. '"Step in effect” refers to
whichever step was being performed when tiansition was made into the pre-
sent procedure.



As an example, assume an operator is performing procedure A, when symptoms
appear requiring transition to procedure B. While performing procedure B,
in accordance with a CAUTION, he finds it necessary to 80 to procedure C.
After completing the actions in C, he returns to the procedure and step
from which he entered C, that is, back to procedure B. And after complet-
ing procudure B, the operator would return to the procedure and step from
which he entered B, in this case, procedure A. (This example assumes that

procedures A, B, and C all end with the transition words "Return to
Procedure and Step in Effect”.)

Several series of procedures have been provided with an OPERATOR ACTION
SUMMARY page. This page is located on the back side of the previous pro-

Cedure page and is always visible to the operator regardiess of the proce-
dure step in effect. The OPERATOR ACTION SUMMARY contains several pieces
of information or actions which are applicable at any step in the proce-
dure. The most important of these actions are procedure transitions which
allov immediate response to new symptoms as they appear. The placement of
these transitions on the OPERATOR ACTION SUMMARY page removes any sen-
sitivity to timing from the appearance of subsequent symptoms.

EXAMPLE OF PROCEDURE USAGE

The actual process of working through a procedure will be illustrated by
using E-2, FAULTED STEAM GENERATOR ISOLATION. It is assumed that the user

was directed to Step l of this procedure by an instruction in some other
procedure.

The user first verifies the designator and title on the cover sheet to
assure himself that he is in the proper procedure. The PURPOSE tells him
that this procedure will identify and isolate a faulted steam generator.
Examination of the SYMPTOMS OR ENTRY CONDITIONS list should produce the
procedure from which the transition to E-2 was made in chis case.

The first action step of this procedure is preceded by two CAUTIONS. Each

separate concern is identified by a bullet (@), and the CAUTION identifier
is used only once.

The first CAUTION tells the operator that at least onme SG must be @ain-
tained available for RCS cooldown.

The second CAUTION tells the operator that any faulted SG or secondary
break should remain isolated during subsequent recovery actions unless
needed for RCS cooldown. Both CAUTIONS refer to the SG isolation which
will take place in the next step(s). The operator is expected to know thar
"faulted” refers to failure of the secondary pressure boundary, and
“isolated” refers to closure of the stem and/or feed flow paths. The
CAUTIONS have provided a specific criteria (needed for RCS cooldown) for
not isolating, or un-isolating a faulted SG.

The first action in Step 1 is a check of the main steamline isolartion and
bypass valves on the affected SGs. The expected condition is that the

valves are CLOSED. 1f, in fact, the operator finds the valves closed by
whatever means his training requires, he then proceeds to Step 2. If the
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valves are not closed, or nct closed on all the affected SGs, the operator
moves to the right-hand column where a contingency instruction tells him to
“Manually Close Valves“. After performing this actiom, the operator would
return to the next task in the left-hand column, in this case, Step 2.

The Step 2 high-level action is to "Check if SG Pressure Boundary Is

_ Intact” with a more detailed subtask describing how this is to be done:

the operator is to "Check Pressures in All SGs". The expected response is
"ANY (SG Pressure) STABLE OR INCREASING. If any pressure is stable or
increasing, the operator proceeds to the Step 3. If none of the steam
generators exhibits a stable or increasing pressure, the cpzrator moves to
the right-hand column for contingency instructions. He is told, "IF all SG
pressures decreasing in an uncontrolled manner, THEN go to ECA-2.1,
UNCONTROLLED DEPRESSURIZATION OF ALL STEAM GENERATORS, Step l". In order
to perform this step, he has to decide if the depressurization is
controlled, or not. If it is not controlled, he will leave E-2 and make
the required transition to ECA-2.l1. If however, the pressure decrease is
under his control, in at least one steam generator, he proceeds to the nex!
left-hand column task, Step 3.

Step 3 requires the operator to “ldentify Faulted SG(s)" and the more
detailed process is described in a substep "Check Pressures in All SGs".
Two possible pressure rusponses are given which will satisfactorily iden=-
tify a faulted SG: ANY SG PRESSURE (is) DECRTAZING IN AN UNCONTROLLED
MANNER, or ANY SG (is) COMPLETELY DEPRESSURI..D. If either condition is
observed, then the intent of the step is satisfied and the faulted SG(s) is
(are) identified. The operator moves on to Step 4. If neither condition
is observed on any SG, the operator moves to the right-hand column where he
is instructed to search for the initiating break (which may have been iso-
lated by MSIV closure) and then to go to Step 5, i.e., skip over Step &
since no steam generator is required to be isolated.

Step 4 tells the operator to "lsolate Faulted SG(s)” and lists several
separate paths which should be isolated. The bullet (®) designator on the
separate items implies that isolations can be done in any order. If the
isolations are propurly performed, the operator proceeds to Step 5. If
some aspect of isolation cannot be completed, he moves to the right-tand
column where he is instructed to manually close the valves (from the
control room), and if that is not successful, to dispatch a (local) opera-~
tor to close the desired valve(s) or appropriate block valve(s). Wit: the

contingency performed or local action initiated, the operato. proceeds "
Stlp S

The CAUTION prior to Step 5 alerts the operator that EFW system operation
will eventually deplete the CST and that makeup will be required. The
sooner the better in this case.

Step 5 simply has the operator Check the present level in the condensate
storage tank. It is expected to be = GREATER THAN 23 FEET. I[f level is as
expected, the operator proceeds to Step 6. However, if level is less than
expected, he moves to the right-hand column where he is instructed ro
establish CST makeup at the maximum rate. From his training, he will per-
form this task and then proceed to the left-hand column of Step 6.

-f =



Step 6 is a Check for secondary radiatioun. Detailed performance of the
task is presented in sequential subtasks. First, the operator is to
“Request Periodic Activity Samples of All SG(s)". This will involve a call
out to a local operator, with attendant time delays for sampling and analy-
sis. By rules of usage, the operator can proceed to the next subtask
"Check Un-isolated Secondary Radiation Monitors”, which he should be able
to do from the control room. The third subtask is the conclusion on the
"Check” process, "Secondary Radiation - NORMAL". 1If no abnormal radioac-
tivicty is known or detected at that time, the expected response is obtained
and the operator proceeds to Step 7. If abnormal radiation is detected on
the secondary side of any steam generator, them, by rules of usage, the
operator moves to the right-hand column and is instructed to "Go to E-3,
etc.” and so leaves the E-2 procedure.

Step 7 tells the operator to “Go tc E~l, etc.” and thus ends the procedure
with a transition to some other appropriate procedure.

The highlighted END centered on the page emphasizes that the listing of
action steps for E~2 is complete.

In many cases, FIGURES and ATTACHMENTS are included in the procedures to
aid the operator and to remove lengthy instructions such as valve align-
ments from the procedure text. For example, FIGURE E-3-l in procedure E-3
provides a curve showing the programmed LTOP setpoint for the pressurizer
PORVs. ATTACHMENT A in procedure E-3 lists conditions that show positive
evidence of natural circulation flow in the RCS.

CONTROL ROOM USAGE OF STATUS TREES

Status Trees are a convenient device used to evaluate the current stare of
predefined CRITICAL SAFETY FUNCTIONS. When the Functions are shown to be
satisfied, the plant is safe. Trees ask a series of questions about plant
conditions, and in general, each question asked depends on the answer to
the previous question. This dependancy results in a branching pattern,

which is referred to as a "tree”.

There are six different trees, each one evaluating a separate safety aspect
of the plant. (Critical Safety Function.) At any given time, a Critical
Safety Function status is represented by a single path through its tree.
Since each path is unique, it is uniquely labeled at its end point, or ter-
minus. This labeling consists of color and/or line pattern coding of the
terminus and last branch line, plus a transition to an appropriate proce=-
dure if required by that safety status. If the status is normal for a par-
ticular Critical Safety Function, no transition is specified, and the
condition is clarified by the words CSF SATISFIED.

Color coding can be either Red, Orange, Yellow, or Green, with Green repre-
senting a "Satisfied"” safety status. Each non-green color represents an

action priority as discussed below.



The six Status Trees are ALWAYS evaluated in the sequence:

PRIORITY STATUS TREE CODE
l Subcriticality (s)
2 Core Cocling (C)
3 Heat Sink (H)
4 Integricy (P)
5 Containment (2)
6 Inventory (1)

If identical color priorities are found on different trees during moni-
toring, the required acticn priority is determined by this sequence. The
user begins monitoring with the Subcriticality tree. Entry is at the arrow
at the left side of the tree. Quesctions are answered based on plant con-
dictions at cthe time, and the appropriate branch line followed to the next
question.

An individual status tree valuation is complete when the user arrives at a
color = (or line pattern) - coded terminus. With the exceptions noted
below, the color and instructions of the terminus are noted (logged) and
tiie user continues to the next tree in sequence, again entering at the
lefr-hand side arrow

If any RED terminus is encountered, the operator is required to immediatel:
stop any Optimal Recoverv Procedure (ORP) in progress, and to perform the
Function Restoration Procedure (FRP) required by the terminus.

If during the performance of any RED - condition FRP, a RED condition of
higher priority arises, then the higher priority condition should be
addressed first, and the lowe~ oriority RED-FRP suspended.

If any ORANGE terminus is n.. ntered, the o:;tator is expected to monitor
all of the remaining trees :' . then, if no RED is encountered, suspend any

ORP in progress and perfor:u the FRP required by the ORANGE terminus.

If, during the performance of an ORANGE - coded FRP, any RED conditicn or
higher priority ORANGE condiion arises, then the RED or higher priority
ORANGE condition is to be addressed first, and the original ORANGE FRP
suspended.

Once a FRP is entered due to a RED or ORANGE condition, that FRP is per-
formed to completion, unless pre-empted by some nigher priority condition.
It is expected that the ac:=ions in the FRP will clear the RED or ORANGE
condition before all the operator actions are complete. However, these
procedures should be completely performed to the point of the normal tran-
sition back ro "Procedure and Step in Effect”.

Tree monitoring should be continuous if any status coded ORANGE or RED is

found to exist. If no condition more serious than YELLOW {s encountered,

monitoring frequency may be reduced to 10-20 minutes, UNLESS some signifi-
cant change in plant status occurs.
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Monitoring may be terminated after the Reactor Protection 3ystem and Engi-
rsered Safeguards System are both restored to operable status (SI reset and
trip breakers closed). At this point, the operator should no longer be
nsing the ERPs.

A YELLOV terminus does not require immediate operator attention.

Frequently it is indicative of an off-normal and/or temporary condition
which will be restored to normal status by actio~s already in progress. In
other cases where RED or ORANGE termini are possible, the YELLOW status
might provide an early indication of a problem developing. Following FRP
implementation, a YELLOW might indicate a residual off-normal condition.
The operator is allowed to decide whether or not to implement any YELLOW
condition FRP.

Tree monitoring can be donme automatically by computer; however, the opera-
tor should verify proper automatic status monitoring at least once and as
early as possible. This is accomplished by comparing status tree indica-
tions with hard wired MCB indicators for appropriate parameters.

EXAMPLE OF STATUS TREE USAGE

The actual process of working through the trees will be illustrated by exa-
mining the first (Subcriticality) status tree. The user enters the tree at
the left-hand arrow and is asked if neutrom flux (NIS channels) indication
is less than 5%. The possible answers are either "yes" or "no". If indi-
cated power is greater than 5%, then the appropriate answer is "no", so the
user would follow the "no" path directly to the terminus and determine
that:

e the response priority is RED (immediate response required)
e the appropriate Function Restoration Procedure is FR-S5.1l.

According to the Rules of Priority, the operator should suspend whichever
ORP is being performed and immediately initiate the actions in procedure
FR-S.1. Monitoring of the Status Trees may continue for informatiom pur-
poees, but by Rules of Priority, no other higher priority conditiou can
exist, When the actions required by FR-S.l are complete, the operator is
directed to "Return to Procedure and Step in Effect”., This allows recovery
actions to continue exactly where they were suspended when the RED priority
was recognized., This also signals continued monitoring of status trees.

In this case, the user and/or operator would know, because of the FR-S.1
actions and checks, that the subcriticality tree would have no status more
severe than YELLOW.

If indicated power is less than 5%, then the first question block is
answered with a "yes" and the user would follow the "yes" path to the next
question block.

In this second block, the user is asked whether the Intermediate Range
Startup Rate is zero or negative, 1If the indicsted rate is positive, then
the user would follow the "no" response pach di:ectly to a terminus and
determine that:



e the response priority is ORANGE (prompt response required)
e the appropriate Function Restoration Procedure is FR-S.l.

According to the rules of usage, the remainder of the status trees should
be moniored to determine if any RED conditions are present. If no RED
status is encountered, then any ORANGE conditions would be reviewed for
priority. Since subcriticality is the first status tree, the present
ORANGE would be addressed first by rules of priority. Again the operator
would suspend whichever ORP was being performed and initiate the actioms in
procedure FR-S.l. Monitoring of the status trees should continue in order
to promptly identify any RED conditions which might arise and take
priority. When procedure FR-S.l is completed, the operator can again
return to his normal recovery action at the point where it was suspended =~
unless other ORANGE conditions require attention first., Again, order of
tree sequence would determine ORANGE priority.

Lf the answer to the second block question were "yes', the user would
follow the "yes" path to a third questiom block.

This time the question is whether the source range is energized. This can
easily be answered by checking the detector high voltag~s indication, or by
noting the Source Range beeper. If the Source Pange is determined to be
not energized, the user follows the "no" path upward to another question
block. Now he is asked if the Intermediate Range startup rate is more
negative than - .2 DPM., If the indicated startup rate is between zero and
- .2 DPM, then the user would follow the "no" path directly to a terminus
and find that:

e the response priority is YELLOW (action not required immediately)
e the appropriate Function Restoration Procedure is FR-S5.2.

Since the status priority is YELLOW, the user would continue to monitor the
remaining trees and deal with any RED or ORANGE priorities which might be
encountered. If no other condition coded higher than YELLOW were present,
then the operator would decide if the FRP should be performed or delayed.
Often, a YELLOW is indicative of an off-normal condition which may be
restored to normal status by actions already in progress. At other times,
the YELLOW status may be indicative of an abnormality in a single RCS ‘loop
- a single SG, for example and may be comsidered acceptable for the par-
ticular accident in progress. Whatever the case, the operator makas the
decision about responding to the YELLOW condition.

1f the Intermediate Range startup rate is more negative than - .2 DPM, then
the user would follow the "yes" path downward to a terminus and find the
condition coded GREEN, the annotated "CSF SAT;" the Critical Safety
Function - SUBCRITICALITY, is considered satisfied, so the user proceeds to
evaluate the next status tree in the sequence.

1f the Source Range was found to be emergized, in response to the third
question block, the user would follow the "yes" path downward to another
question block. This time he is asked if the Source Range startup rate is
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6.

negative or zero. Since the source range signal is normally erratic, it
will be necassary for the user to look at a recorder trend of count rate to
properly evaluate the startup rate. If positive, the user would follow the
"no" path upward to a terminus and find:

e the response priority is YELLOW

e the appropriate Function Restoration Procedure is FR-S,2

The operator would again use his judgement regarding implementation of
FR-5.2 while continuing recovery cperations and coserving the rules of
usage for the other status trees.

If the Source Range startup is observed to be negative, the user follows
the "yes" path downward out of the question box and finds the comdition
coded GREEN, the safety function is satisfied. The user would move
directly to the next tree in the sequence.

CONTROL ROOM USAGE OF THE ERP NETWORK

While the previous sections discussed the separate usage of an individual
procedure and evaluation of status trees, this section preseunts the
intended overall usage of this entire ERP network.

Direct entry into the Emergency Response Procedures is limited to TWO
SPECIFIC CONDITIONS:

e If at any time a reactor trip or safety injection occurs OR IS REQUIRED,
the operator will enter procedure E-0O, REACTOR TRIP OR SAFETY INJECTION.

e If at any time a complete loss of power om the AC emergency busses takes
place, the operator will enter ECA-0.0, LOSS OF ALL AC POWER. This
includes any time during the performance of ANY other ERP.

The entry into E-0 is expected to be the one more frequently used, so is
described first:

The operator proceeds through E-0, following the rules of procedure usage
as described above, with two possible outcomes:

e He remains in E-0 and is directed by an action step to begin monitoring
the status trees.
= OR *

o He transitions to some other procedure, at which point he begins to
monitor the status trees.

Monitoring of the status trees takes place in accordance with its own rules
of usage, in parallel with the recovery actions being performed by the
operator. The monitoring may be done directly by one of the operators in
the conrrol room, by some other member of the shift assigned to the control
room, or by a dedicated computer routine. The only requirement of the
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monitoring function is thar the operator in charge of recovery actions be
immediately informed of RED or ORANGE pricrity status conditions, and regu-
larly advised of YELLOW and GREEN conaitions.

The ORP actions in progress are suspended if either a RED or ORANGE con-
dition is detected on a status tree. No ORP actions are to be pcrformed
while a critical safety function is bcing restored from a RED or ORANGE
coundition, unless directed by the FRP in effect.

After restoration of any Critical Safety Function from a RED or ORANGE con-
dition, recovery actions may continue when the FRP is complete. Most
often, the FRP will return the operator to the suspended ORP. However, at
times a FRP w#ill require a tramsition ton a different ORP because of con-
ditions created within the FRP.

Upon continuation of recovery actions, some judgement is required by the
operator to avoeid inadvertent reinstatement of a RED or ORANGE condition by
undoing some critical step in a Function Restoration Procedure. The plan*
recovery procedures are optimal assuming that equipment is available as
required for safety. The appearance of a RED or ORANGE condition implies
that some equipment or function required for safety is not available, and
by implicarion, some ad justment may be required in the recovery procedures.

An example might be the establishing of an alternate feed path to the stean
generators as required by FR-H.l. With feed flow from either the main fee”

or condensate system, the operator would NOT want to isolate the main feed
line as required by ES-0.l. °

Direct entry into ECA-0.0, due to loss of AC power on both (4 KV) safe-
guards busses is expected to be a rare occurrence. However, once in
ECA-0.0, special considerations come into effect. Because none of the
electrically powered safeguards equipment used to restore Critical Safety
Functions is operable, ncne of rhe FKPs can be implemented. A NOTE at the
beginning of procedure ECA-0.0 states "CSF Status Trees should be monitored
for information only. FRPs should not be implemented”. Once in ECA-0.0,
the operator performs the required actions, and is not allowed to tran-
sition to any other procedure until some form of power is restored to the
(4 KV) Safeguards busses. Even then, permission is not granted to imple-
ment FRPs until some initial status checks are performed by the operator.

Certain emergency contingency actions (ECA) take precedence over FRPs
because of their treatment of specific initiating events. In all such
cases, this precedence is identified in a NOTE at the beginning of the ECA
procedure.

For example: ECA-2.l deals with depressurization, loss of level, and
resultant feed flow reduction to ALL steam generators. While this con-
ditiou results in a RED priority on the Hear Sink Status Tree, the referen-
ced procedure, FR-H.l, returns the operator to ECA-2.]1 for the preferred
treatment of the event. ECA-2.l contains an introductory CAUTION stating
the specific conditions under which FR-H.l should be implemented.
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A more dramatic example is ECA-0.0 which provides the best strategy for
maintaining Critical Safety Functious satisfied and protecting barriers
uantil (4 KV) safeguards AC power is restored.

One unique procedure in the ERP set has no transitions or direct entry con-
ditions., It is used purely as an operator aid and is entered based purely
on operator judgement. The procedure is ES-0.0, REDIAGNOSIS. It is
intended to be used after ceparture from E-0, oﬁlx if SI has been actuated.
It provides reassurance to the operator that he is in the correct proce-
dure, or provides the necessary transition instruction to get to the
correct procedure for the existing symptoms. Operator need for this
rediagnosis procedure is limited in the Rev., 1 ERPs, because many of the
transitions needed to respond to new symptoms are included in the OPERATOR
ACTION SUMMARY. However, its presence can be reassuring to an operator
after making sevaral consecutive transitioms due to rapidly changing
conditions.

ERP usage always ends in one of the following ways:
e Transition to a normal (nmot an ERP) plant operating procedure. (stable).

e Transition to some "appropriate” procedure while on RHR at cold shutdown
conditions (stable).

e On cold leg recirculation or hot leg recirculation with longer term
recovery actions being determined by the individual utility (stable).

MODES OF APPLICABILITY OF THE ERPs

The ERP network was originally written to accommodate transients occurring
at a "hot" or "at power" condition. The transients envisioned would result
in either Reactor Protection System or Safeguards Systems actuatiom, with
some corresponding, or subsequent, operator actioa needed. The guidance
for operator action is based upon having the safety-related equipment
required by Tech Specs for MODE 1 or MODE 2 operation available for his
use., For transients initiating during other MODEs of operation, the same
complement of equipment cannot be assumed available, so that the detailed
instructions within the ERPs may not be applicable. Just as earlier steps
in the ERPs generally involve response to the transient, later steps
generally relate to getting the plant to a zold shutdcun condition. If
the plant is already substantially cooled and depressuiized, some detailed

instructions may not be applicable.

Critical Safety Function monitoring using the Status Trees also assumes a
MODE 1 or MODE 2 inmitial condition, followed by some Protection System
actuation, to result in a subcritical reactor. Use of the trees can be
extended beyond this original intent, but with an understanding of the
intent of each tree. For example, the Heat Sink Tree assumes the steam
generators are available for heat removal by steaming. If all reactor
decay heat is being removed by the RHR system, the steam generators are not
required in their normal capacity. So, SG availability is really not
required to be satisfied. Yet the tree would indicate a 56 in wet layup to
be OK, while one in dry layup would be abnormal.
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To clarify the usability of the ERPs for transients originating during
other than the assumed initial operating MODES, a detailed review of the

The results are presented in the

entire network has been performed.
following table.

In some cases, slight modificatious are needed toc extend

the applicable range of a procedure beyond its original inteamt.

Procedure Designator

Agglicablc Modes

Comments

E-0Q L, 2,3 RHR not in ecrvice and
S1 operable

ES-0.0 1, 2. 3, % (Assumes trip from power)

ED-0.1 1, 2

ES-0.2 Hot (near no load),

ES-0.3 slight modification

ES-0.4 required if already in

' cooldown

E-1 | P RHR not in service

ES-1l.1

ES-1.2 RHR not in service, entry
is limited by stated con-
ditions

E-2 Y. 3 3 & Temp > 212°F

E-3 3 25 356 RHR not in service

ES-3.1

55-3.2

13-3. 3

ECA-0.0 Ly 249 33 & Partly hot and pressu-

ECA-0.1 rized

ECA-O.I

ECA-1l.1 Specific entry conditions

ECA-1.2 provided

ECA-2.1 - P0- S. TR RHR not in service, hot




Procedure Designator Applicable Modes Comments

ECA-3.1 L 35 3, & RHR not in service
lCA-3.2

{ ECA-3.3
F=0.1, Subcriticality 1=4
F«0.2 Core Cooling 1=4
F-0.3, Heat Sinok l=4 Unless RHR in service
F-0.4, Integrity 1=4 Slight problem with cool-

down rate in MODE &

F=0.5, Containment L=4
F-0.6, Inventory L-4
FR-S.1 l-4 (AFV not required if om
RHR)
l-4
s 85 3 Partial MODE 4 om SI
equipment availability,
secondary lineup
1=4
=4 Bleed and feed may be too
soon for MODE 4
L=4
1-4 ' Except wet layup
1-4
L-4 Except dry layup

v 18 o




Procedure Designator Applicable Modes ' Comments

FR-P.1 1-4 Entry may ot be neces-
sary if initial *empera-
ture was low

n.’oz 1-‘

n°2.1 1-“

FR-Z.2 1-4

FR-Z.3 1-4

FR-I.1 -4 Some exceptions if RHR
in service

FR-1.2 l-4 Possible exception of SI
initiation

FR-I1.3 L-4

Operating MODES as used here has the same definition as the Seabrook
Technical Specifications:

THERMAL POWER

REACTIVITY (X RATED, EXCLUDING AVERAGE
MODE (Keff) DECAY HEAT) COOLANT TEMPERATURE
L. Power Operation 2 0.99 | > 5 > 350°F
2. Startup 2 0.99 £S5 > 350°F
3. Hot Standby < 0.99 0 2 350°F
4. Hot Shutdown < 0.99 0 350°F>Tavg>200°F
5. Cold Shutdown < 0.99 0 1.200°F

(Mode 6, Refueling, is not considered in the context of ERP applicability.)
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EXAMPLE ERP

~-=2 FAULTED STEAM GENERATOR ISOLATION



OPERATOR IMMEDIATE ACTIONS
{ Must commit to permanent memoiy)



[ COCE : SYMPTOM / TITLE: PROCEDURE NO.
REVISION NO./ DAT.

mey 1 |SUBCRITICALITY STATUS TREE 0S-1350.1
00/10/2/83

GO TO
FR-S.1

GO TO
W
-—-Q FR-S. 1

.,G GO TO
« FR-S.2

NEUTRON FLUX

o i

ENTER f—ilLEss THAN 5% l
i

1

(RTP) YES

AEDIATE
INTERMEDIATE|

INTERMEDIATE | no RA":,,%ERESUP
RANGE SUR NEGATIVE :
ZERO°OR oot W) b
Ve Url

NEGATIVE |YES

=0 &
SAT

SOURCE
RANGE
ENERGIZED YES
GO TO
FR-S.2
SOURCE
RANCE
SUR ZERO OK
NEGATIVE
CSF
SAT




EXAMPLE STATUS TREE




“wode:

E-2
Rev.

1

Symptom/iitie: r¥rocedure

FAULTED STEAM GENERATOR ISOLATION 05-1320
o /

No./

Revision No./Date:

A.

PURPOSE

This procedure provides actions to identify and isolate a faulted
steam generator.

SYMPTOMS OR ENTRY CONDITIONS:

This procedure is entered from:

1)

2)

3)

4)

E-0, REACTOR TRIP OR SAFETY INJECTION, Step 22 and E-1, LOSS
OF REACTOR OR SECONDARY COOLANT, Step 2 with the following
symptoms:

a. Any SG pressure decreasing in an uncontrolled manner
b. Any SG completely depressurized

E-3, STEAM GENERATOR TUBE RUPTURE, Step 6, ECA-3.1, SGTR WITH
LOSS OF REACTOR COOLANT - SUBCOOLED RECOVERY DESIRED, Step 8,
and ECA-3.2, SGTR WITH LOSS OF REACTOR COOLANT =~ SATURATED
RECOVERY DESIRED, Step 3 when faulted SG isolation is anot
verified.

FR-H.5, RESPONSE TO STEAM GENERATOR LOW LEVEL, Step 3 when
the affected SC is diagnosed as faulted.

Other procedures whemever a faulted SG is identified.




Code: Sy 4 -om/Title: Procedure No./
Revision Nu./Date:

E-2 FAULTED STEAM GENERATOR ISOLATION 0S-1320
Rev. 1 e /
STEP I ACTiOU;!XP!CT!D RESPONSE | I EESPONSE NOT OITAIN!DI

CAUTION ‘o At least one SG must be maintained available for LCS
cooldown.

e Any faulted SG or second.ry break should remain isolated
during subsequent recovery actions, unless needed for RCS
cooldown.

l Check Main Steamline Isolation Manually close valves.
And Bypass Valves Of Affected
SG(s) - CLNSED

2 Check Lf SG Pressure Boundary Is
Intact:
a. Check pressures in all SGs -~ a. IF all SG pressures de-
ANY STABLE OR INCREASING cressing in an uncontrolled
manner, THEN go to ECA-2.1,
UNCONTROLLED DEPRESSURIZA-
TION OF ALL STEAM GENERATORS,
Step L.
3 Identify Faulted 5Gi(s):
a. Check pressures in all SGs - a. Search for initiating break:
i e Main steamlines
e ANY SG PRESSURE i e Main feedlines
DECREASING IN AN l e EFW lines
UNCONTROLLED MANNER e Steam to EFW turbine
e ASDVs
- OR - e Blowdown
e ANY SG COMPLETELY Go to Step 5.
DEPRESSURIZED

4 of 5




Code:

Symptom/Title:

Procedure No./
Revision No./Date:

|

E-2 FAULTED STEAM GENERATOR ISOLATION 05-1320
Rev, 1 o/
|
[ STEP | [CACTION/EXPECTED RESPONSE | [RESPONSE NOT OBTAINED |
4 Check Faulted SG(s) ILsolated: Manually close valves. IF
valves can NOT be closed, ThEN
a. Main feedline - ISOLATED dispatch operator tc locally
close valves or block valives
b. EFW flow - ISOLATED which are accessible to isolate
leak.
¢. Steam supply to turbine-
driven EFW pump - LSOLATED
e SG-A MS-V127
e S5G-B MS-V128
d. SG ASDV - CLOSED
e. Main steam drains -
GROUP A CLOSED
£. SG blowdown - LSOLATED
SG VALVE |
A SB-V9
B SB-V10 ,
C SB-V1l |
D SB-V12
l
CAUTION CST makeup should commence as early as possible to
avoid low inventory problems.
3 Check CST Level - GREATER Establish makeup to CST at

THAN 23 FEET

maximum rate.

J of 5
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Code: ~ Symptom/Title: Procedure No./
Revision No./Date:

E-2 FAULTED STEAM GENERATOR ISOLATION 0s-1320
Rev. 1 o /
{ [STEP | [CACTION/EXPECTED RESPONSE | [RESPONSE NOT OBTAINED |
6 Check Secondary Radiation:
a. Request periodic liquid a. IF SG blowdown can NOT
activity samples of all be reestablished, go to
SGs: Step 6b.
1) Reset SI

2) Reset Phase A isolation

3) Rees:tablish SG blowdown
for sampling ouly

a. Locally isclate throttle
valves to blowdown tank
first, THEN reopen blow-
down containment isola~-
tion valves

b. Check unisolated secondary
radiation monitors using RDMS

¢ Main Steamline mounitors

¢. Secondary radiation - NORMAL ¢. Go to E-3, STEAM GENERATOR
TUBE RUPTURE, Step l.

7 Go To E~L, LOSS OF REACTOR
OR SECONDARY COOLANT, Step 1

- END -

b of 5




Code:

E-2
Rev. 1

Symptom/Title:

FAULTED STEAM GENERATOR ISOLATION

Procedure No./
Revision No./Date:

08-1320
o /

ATTACHMENT A

RED PATH SUMMARY

SUBCRITICALITY - NEUTRON FLUX GREATER THAN 5% RTP

CORE COOLING

HEAT SINK

INTE""ITY

CONTAINMENT

- CORE EXIT TCs GREATER THAN 1200°F
.m-
CORE EXIT TCs GREATER THAN 700°F AND RVLIS LESS
WITH NO RCPs RUNNING

- SG INVENTORY LESS THAN REQUIRED IN TABLE AND EFW
CAPABILITY LESS THAN 470 GPM TOTAL COMBINED FLOW

NORMAL ADVERSE
CONTAINMENT CONTAINMENT

65% WR 28% NR

- COLD LEG TEMPERATURE DECREASE GREATER THAN 100°F

THAN 40%

FLOW

IN LAST

60 MINUTES AND RCS COLD LEG TEMPERATURE LESS THAN 250°F

=~ CONTAINMENT PRESSURE GREATER THAN 52.0 PSIG

P ————————————————————

5 of 5



IMMEDIATE ACTIONS
REACTCR TRIP OR SAFETY INJECTION

E-Q

l.

2.

3.

STEP
Verify Reaccoz Trip
Verify Turbine Trip

Verify Power To AC
Emergency Busses

Check If SI Is Actuated

SEQUENCE

4 (out)

lo.

il.

12.

13.

L&,

Verify FW Isolation

Verify Cortainment Isolation
Phase A

Verify EFW Pumps - ARUNNING
Verify ECCS Pumps - RUNNING
Verify PCCW Pumps - RUNNING

Verify Ultimate Heat Sink
Operation

Verify SW Cocling To 2CG's

Verify Containment Ventilation
Isclation

Check If Main Steamlines
Should Be Isoiated

Check Containment Pressure -~
HAS REMAINED LESS THAN HI-3
(18 PSIG) BY PRESSURE RECORDING




IMMEDIATE ACTIONS
LOSS OF ALL AC POWER

ECA-0.0

STEP

Verify Reactor Trip
Verify Turbine Trip
Check If RCS Is Isolated
Verify EFW Flow - GREATER

THAN 470 GPM TOTAL COMBINED
FLOW

S

UENCE




IMMEDIATE ACTIONS
RESPONSE TO NUCLEAR POWER GENERATION

ATWS

Function Restoration Procedure FR-S.l

1.
2.
3.

4.

STEP

Verify Reactor Trip
Verify Turbine Trip
Check EFW Pumps Running

Initiate Emergency Boration

SEQUENCE




SELECTED

EMERGENCY RESPONSE PROCEDURES

for

Discussion




Our training thus far has already provided adequate “overview
level” discussions for many event3 and plant symptoms such as
LOCA, LOAC, Steamline/ Feedline breaks, ATWS, Inadequate Core
Cooling (ICC) and Loss of Heat Sink. Most of this was presented

in ECCS and MCD.

However, more time should be spent in other events and symptoms
not yer discussed in sufficient detail. This will include

Response to Reactor Trip or Safety Injection, more on Natural

Circulation Cooldown and SG Tube Rupture Recovery Techniques.




E-0

REACTOF TRIT OR SAFETY INJECTION
INTRODUCTION

Procedure E-0, REACTOR TRIP 7R SAFETY INJECTION, provides actions to
verify proper response of the automatic protection systems following
manual or automatic actuation of a reactor trip or safety injection, to
assess plant conditions, and to identify the appropriate Optimal Recovery

Procedure.
Procedure E~0 is to be entercd when any of the following occur:

1) A reactnr trip is required as det rmined by plant specific set~-

points or requirements being ex-eeded.

2) A reactor trip has o:cur;ed as determined by the plant annun=
ciators, neutron flux instrumentation, and control rod position

indicators.

3) A safety injection is required as determined by plant specific

setpoints or requirements being exceeded.

4) A safety injection has occurred as determined by the plant annun~

ciators, SI pump status, or other plant specific means.

Once E~0 is entered, it is not exited until there is a direct transition
to an Optimal Recovery Procedure (ORP) as directed by the symptoms bdeing
monitored in E~0 or to a Function Restoration Procedure (FRP) as directed
by the Critical Safety Function Status Trees or symptoms being monitored

in B’O.



-

DESCRIPTION

Procedure E~0, REACTOR TRIP OR SAFETY INJECTION, provides the operator

with the necessary guidance to verify that ail automatic actions have

occurred as designed and presents the diagnostic sequence to be followed

in the identification of the appropriace Optimal Recovery Procedure.

These include:

l.
2.

ECA-0.0, LOSS OF ALL AC POWER

ES-0.1, REACTOR TRIP RESPONSE

E-1, LOSS OF REACTOR OR SECONDARY COOLANT
E-2, FAULTED STEAM GENERATOR ISOLATION
E~3, STEAM GENERATOR TUBE RUPTURE

ES-1.1, ST TERMINATION

ECA-1.2, LOCA OUTSIDE CONTAINMENT

It is expected that the operator will attempt to take manual actions to

correct for anomalous conditions during power operation. Such actions

would include taking manual control of the automatic control systems,

turning on additional charging pumps, reducing power level, etc.

types of actions do not alleviate the trend toward a reactor trip or,

safety injection, the operator is permitted to trip the reactor and, 1if

necessary, actuate safety injection.

The reactor protection equipment is designed to safely shut down the rea~-

tor in the event that the anomalous condition cannot be corrected. The

safety injection system is designed to provide emergency core cooling

water and boratinn to maintain a safe reactor shutdown condition. The

plant safeguards systems operate with offsite electrical power or from

If these



onsite emergency diesel-electric power, should offsite power aot be avail=-
able. The operator will enter E-0 on a reactor trip or safety injection,

whether the signal was autumatic or a result of manual actuatiou.

Through symptom~based diagnosis, the operator is directed to the proper

Optimal Recovery Procedure to facilitate optimal recovery.

Many parameters behave in a similar manner for loss of reactor coolant,
secondary coolant and steam generator tube ruptures. For example, RCS
pressure drops for all three cases. The symptoms used to diagnose the
three major event categories are those most representative of the fault.

A break in the secondary is diagnosed by secondary pressure decreasing in
an uncontrolled manner or any steam generator completely depressurized. A
primary to secondary break is diagnosed by abnormal secondary radiation.

A loss of primary coolant into containment is diagnosed by abnormal con-
tainment pressure, sump level, or radiation. Abnormalities in both con-
tainment pressure and sump level can also occur for a secondary break in
containment. For that reason the secondary pressure {s checked before the
containment conditions ir the diagnostic steps to eliminate a secondary
break as being the cause of the co;:ainmcnt conditions. The rediagnostic
capabilities of the subsequent procedures, such as in E-1, LOSS OF REACTOR
OR SECONDARY COOLANT, allow for any misdiagnosis to he corrected and the
operator to proceed to the proper procedures in the Emergency Response
Procedure (ERP) network. If an event is not diagnosed by the primary
symptoms, then other symptoms are checked in £-~0. 1If no fault i{s (ni-

tially found, the operator will cycle through the diagnostic steps until

either a fault is observed or SI termination criteria are net.



E-0

REACTOR TRIP OR SAFETY INJECTION

MAJOR ACTION CATEGORIES IN E-0

e Verify Automatic Actions as Initiated by the Protection and Safeguards
Systemt
(IMMEDIATE ACTIONS - STEPS 1-14)

Immediate actions 2-e those actions which the operator should be able to
perform before opening and reading his emergency procedures. In general,
immediate 2ctions are limited to the verification of automatic protection
features of the plant. Although the immediate actions should be memorized
by the operator, they need not be memorized verbatim. The operator should
know them well enough to complete the intent of each step, which is to
verify that the automatic actions have occurred. The order in which they
should be performed should also be consistent with the step sequence
requirements, i.e., the order of the first four steps is ilmportant and the
rest may be interchanged.

e ldentify Appropriate Optimal Recovery Procedure

e Shut Down Unnecessary Equipment and Continue Trying to Identify

Appropriate Optimel Recovery Procedure

e Initiate Monitoring of Critical Safety Function Status Trees AT

STEP 27 OR WHEN EXITING E-O.



The following are questions which have been frequently asked about E-0,

REACTOR TRIP OR SAFETY INJECTION:

Q. When is E-0 normally entered?

A. E-0 is normally entered whenever a reactor trip or safety injection

occurs or is required as determined by plant observables.

Q. Can safeguards signals be reset before the procedure step instructs me

to reset them?

A. Safeguards signals should only be reset when necessary to manually
operate equipment. .a the procedures, those steps are generally
located before the first step that either stops an ECCS pump or expli-
citly repositions a valve that receives a safeguards signal. The

eneral philosophy to follow is to only reset safe

uards signals when

the reset is necessary for manual o

eration of components,

Q. If the fault is readily apparent, does E-0 have to be performed rather

than going directly to the appropriate Optimal Recovery Procedure?

A. Yes, E-0 should be performed. The verification of automatic actions
and diagnostics should be performed to ensure the proper checks have
been completed prior to the first step of any subsequent procedure.
The ERPs are a procedural network organized in a logical order with
any one procedure L 'ing a sub-part of the whole, To properly execure
th ERPs, it is important to start at the beginning and let the tran-

sitions direct you through the network.



ES-0.0 REDIAGNOSIS

PURPOSE OF PROCEDURE

Method For Determining Or Confirming The
Most Appropriate Post Accident Recovery

Procedure
ENTRY INTO PROCEDURE

Operator Judgement When Sl Is Actuated
Or Required



IS-O- 1

REACTOR TRIP RESPONSE

INTRODUCTION

Procedure ES-0.1, REACTOR TRIP RESPONSE, provides the necessary instruc~-
tions to stabilize and control the plant following a reactor trip without
a safety injection. It is entered only from E-0, REACTOR TRIP OR SAFETY
INJECTION, Step 4 when an ST {s neither actuated nor required. Following
the stabilization of the plant, ES-0.1 {s exited to either a normal plant
procedure for startup or cooldown, or to ES=0.2, NATURAL CIRCULATION

COOLDOWN, if a natural circulation cooldown is required.



DESCRIPTION

A reactor trip is a command to shut down a reactor which {s either criti-
cal or uadergoing startup operation. The command is generated by either
an automatic protective action initiated when certain setpoints for plant
operating parameters are exceeded or by manual initiation by the operator.
The generation of a protection demand is appropriately indicated at the
annunciator panel. Several automatic actions aimed at ensuring that the
core is shutdown and that there is effective decay heat removal follow the

occurrence of a reactor trip.

Following a reactor trip from full power, the reactor coolant temperature
is reduced from full power rtemperarure to no-load temperature by automatic
operation of the condenser steam dump system. If for any reason condenser
steam dump capability cannot be obtained, the steam generator atmospheric
steam dump valves will automatically modulate. If these do not open, the
stean gcﬁcta:or code safety valves open to protect the secondary system
and by that means remove heat from the primary system. The cooldown to
ne-load shrinks the water in the RCS and pressurizer level should stabi-
112; automatically at the no-load programmed level. The drop in level
results in a reduction in RCS pressure from the nominal 2235 psig. RCS
pressure can be expected to drop to about 2000 psig before starting to
increase as a resu.. -f operation of the pressurizer heaters. For most
reactor trips steam generator water level will remain above the top of the
U-tubes although it may shrink out of the narrow range indication.

Emergency feedwater pumps will start on low-low narrow range SG level to

restore SG level into the narrow range. Extensive subcooling of the reac-



tor cvolant at the core exit should exist. Forced flow in the RCS will be
maintained unless for some reason the reactor coolant pumps have tripped,

in which case flow will te by natural circulation.

The station electrical busses would normally be energized by offsite
power. If for some reason i station "blackout”™ (loss of offsite power)
occurs, the diesel generators would automatically start and supply power
o the blackout loads to stabilize and control the plant. All critical
surveillance, control, and safeguards actuation svstems are continuously
powered from the plant's redundant batteries. All operating elements of
the safety-grade systems (ECCS pumps, for example) would have power
available from the diesel generators. A numbe:r of operating elements for
“non-safety-grade” systems and components may not be automatically powered
by the diesel generators. These “non-safety-grade” components include
some pressurizer heaters, the Startup Feed Pump and the plant air
compressors, and should be intentiunally repowered as soon as possible

since the availability of these components facilitate plant control.

’

Procedure ES=0.l1 deals with the specific actt&ns necessary to stabilize
and control the plant following a reactor trip. It also handles reactor

trips combined with either a station blackout or a total loss of forced

reactor coolant flow.




MAJOR ACTION CATEGORIES IN ES-0.1

Ensure the Primary System Stabilizes at No-load Conditions

Ensure the Secondary System Stabilizes at No-load Conditions

Ensure Necessary Components Have Power Available

Maintain/Establish Forced Circulation of the RCS

Maintain Plant in a Stable Condition



KEY UTILITY DECISION POINTS

After the plant is stabilized following a reactor trip, the operating crew
would have to determine the next course of action. Generally, if no com~
ponents necessary for power operation are out of service, the limiting
conditions for operation in the Technical Specifications are satisfled,
and Lif the cause of the trip is identified and corrected, then a plant
startup would be commenced. If a Technical Specification limiting con-
dition for operation is violated and its action statement requires a
cooldown, or a ccoldown is necessary to repair non-safety grade componeants
needed for operation, then a plant cooldown {s commenced. If a cooldown
is required, forced circulation of the RCS is always preferred over a
natuval circulation cooldown in order to eliminate any concerns about
drawing voids in the system and/or incomplete boron mixing. Therefore,
attempts should be made to start at least ome reactor coolant pump prior
to the cooldown, if one is not already running. A natural circulation

coo’down should only be performed {f absolutely necessary.



BS"O . 2

NATURAL CIRCULATION COOLDOWN
INTRODUCTION

Upon entry to ES-0.2, NATFRAL CIRCULATION COOLDOWN, natural circulation of
the RCS has been verified and stable plant conditions are being main=-
tained. The purpose of ES-0.2 is to cool down and depressurize the plant
to cold shutdown under natural circulation conditions by dumping steam and
subsequent RHR syvstem operation. There should be no accident in progress
and cooldown conditions are specified to preclude any upper head void for-

mation.

This procedure is entered from ES-0.1, REACTOR TRIF RESPONSE, Step 13 or
ECA-0.1, LOSS OF ALL AC POWER RECOVERY WITHOUT SI REQUIRED, Step 21 when
it has been determined that a natural circulation cocldown is required.
There are three possible transitions out of this procedure. If SI

actuation occurs, a transition to E-0, REACTOR TRIP OR SAFETY INJECTION,

should be made. Since it is always desirable to have forced convection

heat transfer from the core, the first step of the procedure attempts to

gstart an RCP. 1If this attempt is successful, a transition to appropriate
plant procedures is in order. The third transition occurs if the plant

staff determines that a natural circulation cooldown and depressurization
must be performed at a rate that may form a steam void in the vessel. At
that time 2 transition to ES~0.3, NATURAL CIRCULATION COOLDOWN WITH STEAM
VOID IN VESSEL (WITH RVLIS) or ES-0.4, NATURAL CIRCULATION COOLDOWN WITH

STEAM VOID IN VESSEL (WITHOUT RVLIS), should be nmade.



DESCRIPTION

The objective of ES~0.2, NATURAL CIRCULATION COOLDOWN, is to permit
cooldown and depressurization of the RCS without forming voids in the
higher-temperature/low-flow portions of the system (e.g., upper head
region and steax generator U-tubes). Based on the cooldown/depressuriza-
tion analysis performed for Westinghouse plants as a result of the

St. Lucie Jnit 1 plant cooldown using natural circulation (June 11, 1980),
certain limitations were determined concerning the maximum cooldown rate

and minimum subcooling requirements necessary to prevent void formation.

During the St. Lucie event, it was evident from pressurizer level and pri-
mary system pressure response that void formation occurred in the upper
head region. Even though old leg temperatures at the time of voiding
were highly subcooled, fluid in the upper head was much hotter, relatively
stagnant and in poor communication with the rest of the primary system.

It has been postulated that the steam bubble in the upper head area was
produced when the system pressure dropped below the saturation pressure

corresponding to the temperature of the fluid in the upper head.

There are several parameters which can have a significant effect on the
formation of voids in the upper head region during natural circulation
cooldown/depressurization transients. One such parameter is the magnitude
of the flow between the upper downcomer and the upper head. This flow is
at a temperature equivalent to that of the cold leg fluid. Hence, this
flow directly affects the upper head fluid temperature, which is a second
factor that has an effect on the formation of voids in the upper head

region. Most currently operating Westinghouse plants under forced flow



conditions have an amount of flow into the upper head region which results
in an upper head fluid temperature between the cold leg temperature
(TcoLp) and the hot leg temperature (Tyor). For the natural circulation
cooldown analysis the initial upper head temperature for these plants was
conservatively chosen as Tygy. Other Westinghouse plants operate with
sufficient flow from the upper downcomer to the upper head region to make
the upper head fluid temperature equal to the cold leg fluid temperature

(TgoLp)+ Both types of plants were analyzed. Seabrook is a Tqgyrp plant.

Another parameter which affects void formation in the upper head region is
the cooldown rate of the primary system. Natural circulation cooldown
rates of 25°F/hr and 50°F/hr were analyzed for Tygr and Tggpp plants,

respectively.

A final parameter important in the formation of voids in the upper head is
the heat removal rate from the upper head. The two primary means of heat
loss are ambient heat losses and heat removal by the control rod drive
mechanism (CRDM) fans. The effect of ambient heat losses through the
reactor vessel on upper head temperature is small compared to the effect
of the CRDM fans. The cooloff rate of the upper head due to ambient heat

losses is less than 1°F/hr and was neglected in the analysis. Howevef,

metal heat addition to the upper head area from the reactor vessel and

upper internals was taken into account.

The CRDM cooling system consists of fans which maintain a suitable
atmosphere within the CRDM shroud to protect and prolong the life of the
CRDM motors. The system induces cooler containment air into the CRDM

shroud and exhausts warmed air through the fans. The CRDM fans remove



-

8 kw/drive train at full power. For a 4~loop plant with 57 full-length
rods, the CRDM fans remove 8 kw x (57) = 456 kw. Based on the heat
transfer area of the CRDMs and the volume of coolant under the reactor
vessel nead, the calculated head cooldown rates with CRDM fans running is

18.5°F/hr @ $00°F and 10°F/hr @ 350°F.
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In the analysis, natural circulation cooldown was assumea to be initiated
at 12 minutes after the RCP trip. With the exception of the pressurizer,
the primary system was subcooled when the natural circulation cocldown was
initiated. At 12 minutes the difference between the hot and sold leg tem-
peratures was approximately 30°F, the primary system loop flow was
approximately 500 1lb/sec. and the reactor power (due to decay heat) was
2.3 percent of full power (nominal). The loop flow rate of 500 lb/sec,
was approximately 5 percent of full power loop flow. Natural circulation
flow has been observed to be between 4.5 percent and 5.0 percent of full
power flow ‘t 2.3 percent of nominal power for a Westinghouse 4-loop plant

bagsed on calculations and tests.

With forced flow (i.e., with the reactor coolant pumps running) the flow
goes from the upper downcomer through the upper head spray nozzles into
the upper head region. From the upper head region the flow goes down
through the guide tubes into the upper plenum/core region. With the reac-
tor coolant pumps running the vessel pressure distribution is such that
flow is forced up the upper head spray nozzles. Within 2 to 4 minutes
after the reactor coolant pumps are tripped this flow reverses and goes up
the guide tubes into the upper head region and down through the upper head
spray nqzzlcs into the upper downcomer. This flow reversal occurs due to
the downcomer fluid density being greater than the upper plcnum/core fluid
density, and the upper plenum/core fluid density being greater than the
upper head density. This density variation forces flow up the guide
tubes. Because of this flow reversal, upper head temperature rises early
in the transieant (see Figure 1). The upper head temperature is initially
equivalent to the cold leg temperature for Tggrp plants. When the spray

nozzle/guide tube flow reversal occurs, hotter water from the core is



introduced into the upper head si.ea and causes the upper head temperature
rise. After this early increase, the upper head temperature steadily

decreases.

CONCLUSIONS FOR Trorp ELANTS

The average cooldown rate of the upper head fluid due to a 50°F/hr natural
circulation cooldown rate is about 34°F/hr for a Tggrp plant. The total
upper head cooldown rate due to both natural circulation cooldown and CRDM
fans varies from a maximum of 52.5°F/hr to around 44°F/hr when the upper
head temperature is cooled to 350°F. Thus, with the CRDM fans operating
during the cooldown, a TggLp plant could be cooled and depressurized at a
natural circulation cooldown rate of 50°F/hr to the point where the RHR
System could be employed for further cooldown, with no void formationm
occurring in the upper head area. The operator should maintain a minimum

of S0°F subcooling during the depressurization (stated in the procedure).

Adding the cooldown rate due to the CRDM fans to that from the natural
ecirculation cooldown is conservative since the additinnal cooling due to
the fans will enhance the density difference between the downcomer and

upper head, which in turn increases the guide tube/spray nozzle flow rate.

With the CRDM fans not available, a Tggrp plant can be cooled dJown and
depressurized to RHR System conditions at a natural circulation cooldown
rate of SO°F/hr with no void formation in the upper head area if the
operator maintains a minimum of 100°F subcooling during the depressuriza-

tion (see Figure 2).
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MAJOR ACTION CATEGORIES IN ES-0.2

Try to Start am RCP

Cool Down and Depressurize RCS

With No Upper Head Void Growth

Lock Out SI System

Place RHR System in Service

Cool Down to Cold Shutdown




KEY UTILITY DECISION POINTS

There are four decision points in this procedure when a choice must be
made between two or more courses of action. The first decision occurs
in the first step as the operator attempts to start an RCP. If he is
guccessful, a decision as to which appropriate plant procedure should

be entered is required. A similar situation exists at the end of the
procedurc. Here cold shutdown hus been accomplished and the utility must

decide on in appropriate normal or abnormal plant procedure.

The other two “2cision points involve continuing a fast-paced cooldown
and allowing a void to form in the ..per head. Iu the note following
step 11 the possibility for transition to either ES-0.3, NATURAL
CIRCULATION COOLDOWN WITH STEAM VOID IN VESSEL (WITH RVLIS), or
ES-0.4, NATURAL CIRCULATION COOLDOWN WITH STEAM VOID IN VESSEL
(WITHOUT RVLIS), exists. This same opportunity to transfer to either

of these procedures appears in Step l4.

The preferred method for cooldown under natural circulation conditions
is provided in this procedure, ES-0.2, where no upper head void is
created. Any decision to continue an expedited cooldown (e.g., due to
condensate storage limitations) should be carefully considered before

a transition to either ES-0.3 or ES-0.4 is made.



ES-0.2:

ES-0.3:

zS'O.‘O:

RECOVERY PROCEDURE SUMMARY

Initial plant setup for a natural circulation cooldown
followed by RCS cooldown and depressurization under require-

ments that avoid any upper head void formatiom.

RCS cooldown 2nd depressurization under requirements that

allow the potential for upper head void formatiom, with RVLIS
to monitor void growth (inmitial plant setup for natural cir-

culation cooldown provided by ES-0.2).

RCS cooldown and depressurization under requirements that
allow the potential for upper head void formatiom, without
RVLIS to monitor void growth (inmitial plant setup for a

natural circulation cooldown provided by ES-0.2).



ES-0.3

NATURAL CIRCULATION COOLDOWN WITH STEAM VOID IN VESSEL

INTRODUCTION

Upon entry to ES-0.3, NATURAL CIRCULATION COOLDOWN WITH STEAM VOID IN
VESSEL (WITH RVLIS), natural circulation of the RCS has been verified
and a cooldown/depressurization has been initilated (see procedure
ES-0.2, NATUYRAL CIRCULATION COOLDOWN). The purpose of this procedure
is to continue plant cooldown and depressuriza.ion to cold shutdown
under conditious that allow for the potential formaticm of a void in
the upper head region. There should be no accident in progress and a
reactor vessel level system (RVLIS) is available to monitor the size

of any vessel void.

This procedure is eantered from ES-0.2, NATURAL CIRCULATION COOLDOWN,
when it has been determined that a cooldown/depressurization must be

performed at a rate that may form ¢ steam void in the vessel. In any
case, the first eleven steps of ES-0.l must be completed prior to

entering this procedure.

There are two transitions out of this procedure. The first occurs if

SI is actuated. In this instance a tramsition to E-0 , REACTOR TRIP

OR SAFETY INJECTION, should be made. The second transition occurs if

forced convection heat transfer can be established. The first step of

the procedure attempts to start an RCP. If this attempt is succes:ful

a transition to appropriate plant procedures is performed.



CISCRIPTION

The objective of ES-0.3, NATURAL CIRCULATION COOLDOWN WITH STEAM VOID
IN VESSEL (WITH RVLIS), is to permit a natural circulation cooldown
and depressurization of the RCS while allowing, controlling, and moni-

toring the formation of voids in the vessel.

During the St. Lucie Upit 1 plant cooldown under natural circulatiom
conditions (Jume 11, 1980), it was evident that void formation
occurred in the upper head region. Using the information obtained
from this event and tie subsequent analyses performed for Westinghouse
plants, the procedurn: ES~-0.3 was developed to enmable the operator to

perform a natural circulation cooldown/depressurization that permic:ted

upper head void growth, which would be monitored with RVLIS.

If it is necessary to cool down and depressurize the RCS quickly under
natural circulation conditions (e.g., due to limited condensate
storage), procedure ES-0.3 is the appropriate alternmative to ES-0.2 if
there is a RVLIS available to monitor void growth. If a rapid RCS
cooldown/depressurization is desired in the absence of RVLIS instru-

mentation, ES-0.4, NATURAL CIRCULATION COOLDOWN WITH STEAM VOLID IN

VESSEL (WITHOUT RVLIS) is to be used.

Though there is no analysis to support the technique employed in
ES-0.3, specific symptoms are relied upon to indicate that void growth
is restricted to the upper head/upper plenum region, above the top of
the hot legs. so as not to disrupt the natural circulation flow. By
maintaining RCS subcooling, controlling pressurizer level, and moni-

toring RVLIS indications, a maximum cooldown rate of L00’F/HR and a



continued RCS depressurization are permitted under natural circulation
condi;;opl. 1f, during the course of the cooldown/depressurizatiom,
the RVLIS indicates that void gro4sth is approaching the hot legs, RCS

depressurization is stopped and the operator is instructed to

repcs” yrize the RCS to collapse the void.
. &' - -

At no tise is it appropriate to make a transitiom to FR-I.3, RISPONSE
TO VOIDS IN REACTOR VESSEL, and perform a head venting operation.

This is contrary to the intent of procedure ES-0.3 where a vessel void
is allowed to exist under controlled conditions while the plant is
cooled down and depressurized to cold shutdown. If procedure FR-I1.3
was used to vent the vessel head at this time, the steam void would
not be eliminated. As pressure decreases (from venting), more water
will flash to steam in the head region, replacing the steam that was
vented. The void size will remain essentially constant and the net
result will be a loss of system inventory. Therefore, procedure

FR-1.3 should not be used when cooling down and depressurizing the

system with procedure ES-0.3.

It should be noted that although procedure ES-0.3 is the approved
guidance for natural circulation cvooldown/depressurization with a
vessel void, procedure ES-0.2 presents the preferred mode of operation

(i.e., no void formation) and should be used whenever possible.



MAJOR ACTION CATEGORIES IN ES-0.3

e Try to Start an RCP

e Cool Down and Depressurize RCS

While Monitoring Void Growth

Before cooling down and depressurizing the RCS, a pressurizer level is
established to accommodate void growth. During the cooldown/depres-
surization phase, a cooldown rate of less than l00°F/HR is maintained,

together with a minimum RCS subcooling. RCS temperature and pressure
should also be maintained within Technical Specification cooldown
limits. To monitor void growth and maintain pressure control, RVLIS

and pressurizer lavel instrumentation are checked for proper values.

e Lock Out SI System

e Place RHR System in Service

e Cool Down to Cold Shutdown



KEY UTILITY DECISION POINT

The key decision point occurs in Step 4. In the RNO (Response Not

Obt ined) column a choice must be made between two methods of reducing
PRZR level. The first method involves adjusting charging and letdown

to reduce system inventory. The second uses the ﬁatural phenomenom of
iaventory shrink during cooldown to lower the PRZK l:cvel. Though the

use of charging and letdown should be the preferred method, the opera-
tors should determine which method is more appropriate considering the

circumstances and/or plant equipment available.



ES'O. 4

NATURAL CIRCULATION COOLDOWN WITH STEAM
VOID IN VESSEL (WITHOUT RVLIS)

INTRODUCTION

Upon entry to ES-0.4, NATURAL CIRCULATION COOLDOWN WITH STEAM VOID IN
VESSEL (WITHOUT RVLIS), natural circulation of the RCS has been
verified and a cooldown/depressurization has been initiated (see pro-
cedure ES-0.2, NATURAL CIRCULATION COOLDOWN). The purpose of this
procedure is to continue plant cooldown and depressurization to cold
shutdown under conditions that allow for the potential formation of a
void in the upper head region. There should be no accident in
progress and no reactor vessel level system available to monitor the

size of any vessel void.

This procedure is entered from ES-0.2, NATURAL CIRCULATION COOLDOWN,
when it has been determined that a cooldown/depressurization must be
performed at a rate that may form a steam void in the vessel. In any
case, the first eleven steps of E5-0.2 must be completed prior to

entering this procedure.

There are two transitions out of this procedure. The first occurs if

SI is actuated. In this instance a transition to E-0, REACTOR TRIP OR

SAFETY INJECTION, should be made. The second transition occurs if an

RCP can be started. The first step of the procedure attempts to start
an RCP. If this attempt is successful a transition to appropriate

plant procedures is performed. -



DESCRIPTION

The objective of ES-0.4, NATURAL CIRCULATION COOLDOWN WITH STEAM VOID IN
VESSEL (WITHOUT RVLIS), is to permit a matural circulation cooldown and
depressurization of the RCS while allowing and controlling the formation

of voids in the vessel.

During the St. Lucie Unit 1 plant cooldown under natural circulation
conditions (June 11, 1980), it was evident that void formaticn

occurred in the upper head region. Using the information ohtained

from this event and the subsequent analyses performed for Westinghouse

plants, the procedure ES-0.4 was developed to enable the operator to
perform a natural circulation cooldown/depressurization with upper head

void growth.

If it is necessary to cool down and depressurize the RCS quickly under
natural circulation conditions (e.g., due to limited condensate

storage), procedure ES-0.4 is the appropriate alternative to ES-0.2 if
there is no RVLIS available to monitor void growth. If a rapid RCS
cooldown/depressurization is desired and RVLIS instrumentation is
available, ES-0.3, NATURAL CIRCULATION COOLDOWN WITH STEAM VOID IN VESSEL

(WITH RVLIS) is to he used.

Though there is no analysis to support the technique employed in
ES-0.4, specifi~ symptoms are relied upon to indicate that void growth
is restricted to the upper head/upper plenum region, above the top of
the hot legs, so as not to disrupt the natural circulation flow. The
growth of the vessel void is inferred from PRZR lcvel indications.

Initially a low PRZR level is established to accommodate void growth.




PRZR level changes from inventory shrinkage and void growth are accounted
for separately with a step-by-step cooldown/depressurization techmique.
This technique is based on the concept of lnctiné Technical Specification
cooldown requirements and not creating a saturated primary system (as
measured at the hot legs). The goal is to reach RHR operating conditionms
in as fow steps as possible but with no challenges (o the LTOP or satura-

tion curve requirements.

At nc time is it appropriate to make a transition to FR-I.3, RESPONSE
TO VOIDS IN REACTOR VESSEL, and perform a head venting operation.
This is contrary to the intent of procedure ES-0.4 where a vessel void
is allowed to exist under controlled conditions while the plant is
cooled down and depressurized to cold shutdown. If procedure FR-I.3
was used to vent the vessel head at this time, the steam void would
not be eliminated. As pressure decreases (from venting), more water
will flash to steam in the head region, replacing the steam that was
vented. The void size will remain essentially constant and the net
result will be a loss of system inventory. Therefore, procedure
FR-1.3 should not be used when cooling down and depressurizing the

system with procedure ES-0.4.

It should be noted that although procedure ES-0.4 is the approved
guidance for natural circulation cooldown/depressurization with a
vessel void, procedure ES-0.2 presents the preferred mode of operation

(i.e., no void formation) and should be used whenever possible.



MAJOR ACTION CATEGORIES IN ES-0.4

e Try to Start am RCP

e Cool Down and Depressurize RCS

While Controiling Void Growth

Before cooling down and depressurizing the RCS, a pressurizer level is
established to accommcdate void growth. During the cooldown/depres-
surization phase, a step-by~-step cooldown and depressurization is per-
formed in order not to violate the Techmical Specification (LTOP) cooldown
curve or the saturation curve limitations. To monitor void growth and
maintain pressure control, pressurizer level is maintained below 907%.

During RCS depressurization the required RCP seal injection flow is main-
tained, and charging and letdown flows are balanced for strict control of

primary inventory.

e Lock Out SI Systea

e Place RHR System in Service

e Cool Down to Cold Shutdown



E-3

STEAM GENERATOR TUBE RUPTURE

INTRODUCTION

Of all classic accidc;tl, steam generator tube failures have occurred the
most frequently. In fact, if previous trends continued, every
Westinghouse PWR could expect to experience at least one steam generator
tube failure during the lifetime of the plant. Of course, the nuclear
industry has implemented many programs to reduce the incidents of tube
failures, such as secondary side inspections, improved steam generator
designs and water chemistry control, and more reliable eddy current tube
inspection techniques. Nevertheless, a steam generator tube failure pro-
bably will remain one of the more likely accidents. A steam generator
tube failure provides a direct release path for contaminated primary
coolant tc the environment via the secondary side relief valves.
Accumulation of water in the secondary side can also lead to an overfill
condition which can severely aggravate the radiological consequences and
increase the likelihood of complicating failures. Timely operator inter-
vention is necessary to limit the radiological releases and prevent steam
generator overfill. So, to provide the operator with the best possible
tonls for dealing with these accidents, a series of Optimal Recovery
P;ocedures (ORPs) were developed to address steam generator tube failures
(E-3 series). These procedures contain instructions for limiting primary-
to-secondary leakage and minimizing radiological releases following tube

failures in one or more steam generators.



Unlike other loss of coolant accidents (LOCA), a steam generator tube
failure demands substantial operator involvement early in the event. In
order to expedite recovery, the ORP hierarchy directs the operator to the
E~3 series procedures whenever symptoms of a tube failure exist, such as
high secondary side activity or an uncontrollably increasing steam genera-
tor water level. In this respect, it is similar to the E-2, "FAULTED
STEAM GENERATOR ISOLATION" procedure. However, unlike E-2, the optimal
recovery scheme following tube failure strongly depends on coincident

failures.

Consequently, the E-3 series procedures must be general enough to address
a wide variety of multiple failures, such as tube failures in combination
with other LOCAs or secondary side breaks. Yet, the procedures must also

be sufficiently specific to ensure prompt operator response.

~

This apparent coaflict was resolved by structuring the E-3 series into
procedures which address two major categories of events: 1) those events
for which leakage from the RCS can be stcpped prior to cold shutdown, and
2) those events for which leakage from the RCS will continue. Events such
as tube failures in one or more steam generators, or tube failures in com-
bination with secondary faults in non-ruptured steam generators would
belong to this first group. Instructions for responding to this event-
typve are provided ia E-3, "STEAM GENERATOR TUBE RUPTURE", and ECA-3.3,
"SGTR WITHOUT PRZR PRESSURE CONTROL". The second group is characterized
by multiple events such as tube failures in combination with other LOCAs
or a secondary break in a steam generator with failed tubes. The con-
tingency guidelines ECA-3.1, "SGTR WITH LOSS OF REACTOR COOLANT-SUBCOOLED
RECOVERY DESIRED”, provide guidance for stopping leakage of reactor

coolant for this event group. The principle difference between the reco-



t

very methods for the two event categories involves termination of SI. For
the E-3 recovery, the SI pumps are all stopped concurrently to minimize

primary-to-secondary leakage and avoidi steam generator overfill.

Since for this event type leakage from the RCS is also terminated, there
is no concern of depleting RCS inventory. For the second event group, ECCS
pumps are stopped sequentially (ECA-3.3 and ECA-3.2) when conditions indi-
cate that the reduced ECCS flow will be sufficient to maintain adequate

coolant inventory.

The F~3 series procedures have been simplified further by incorporating
common recovery actions into the E-3 procedure. In general, these actions
are limited to identification and isolation, if possible, of the ruptured
steam generators. Although other common actions exist it is not certain
that they would be completed prior to transitioning from the E~3 proce-

dure. Consequently, scme redundnhcy does exist. With this structure, the

E-3 procedure becomes the focal point for the E-3 series. Similarly,
entries to the E-3 contingency actions occur only after entry into the E-3
procedure. The symptoms which fovern these transitions are based on the
expected system response to a steam generator tube rupture and subsequent

recovery actions.

The E-3 procedure contains instructions to minimize releases and to ter-
minate primary-to~secondary leakage following tube failures in one or more
steam generators. The following sections describe the plant response to a
steam generator tube failure and the basis for subsequent recovery
actions, and identifies any special knowledge requirements. The causes of
tube failures will not be discussed since the mechanisam of tube failure

once it has occurred does not influence recovery actions.



DESCRIPTION

A steam generator tube rupture 2avent begins as a breach of the primary
coolant barrier between the reactor coolant system and the secondsiy side
of the steam generator, i.e., the steam generator tube. Although this
relatively thin barrier is designed with substantial safety margin to
preclude bursting even when subjected to full primary system‘pressure, the
harsh secondary side environment may attack the steam generator tubes
resulting in excessive tube wall thianing or cracking over time. Although
improved secondary side chemistry has greatly rec.cad the frequency of
tube failures attributed to chemical corrosion, toreign objects in the
steam genmerator secondary have resulted in relatively rapid tube degrada-
tion and eventually tube failure in the previous two events [Prairie

Island (1979) and Ginna (1982)].

Since the primary system pressure (nominally 2235 psig) is initially much
greater than the steam generator pressures (nominally 1000 psig) reactor

coolant flows from the primary into the secondary side of the affected
steam generator. In response to this loss of reactor coolant, pressurizer
level decreases at a rate which is dependent upon the size and number of
failed tubes. RCS preysure also decreases as the steam bubble in the
pressurizer expands. For normal operation, charging flow will automati-
cally increase and pressurizer heaters will energize in an effort to sta-
bilize pressure and level. However, if leakage exceeds the capacity of
the Chemical and Volume Control. System, reactor cocolant inventory will
continue to decrease and evantually lead to an autcmatic reactor trip
signal on low pressurizer pressure or, possibly, overtemperature - AT.
Prior to ihis, normal letdown flow would isolate, ard pressurizer heaters

would turn off on low pressurizer level.



On the secondary side, leakage of contaminated primary coolant will
increase the activity of the secondarv coolant resulting in high radiation
indications from the air evacuation rzdiation monitor and steam line
radiation monitors. Although these alarms may lag indications of a loss
of reactor coolant, depending on the transport time to the radiation moni-
tors, they hava sounded nearly simultaneously during past tube failure
events and zenerally provide the earliest diagnosis of a steam generator
tube rupture. As primary coolant accumulates in the affected steam
generator, normal feedwater flow is automatically reduced to compensate
for high steam generator level. Cousequently, a mismatch between steam
flow from and feedwater flow .o the affected steam generator may be
observed. This potentifally provides earlv confirmation of a tube failure
event and also identifies the affected steam generators. However, such a
mismatch may not be noticeable for smaller tube failures because of the
relatively large normal feedwater/steam flow rates. The water level in

the affected steam g@nerators may not be significantly greater than that

of the intact steam generators and may be somewhat erratic prior to reac-

’

tor trip as the normal feedwater control system automatically compensates

for changes in steam flow rate and steam generator level due to primary-

to-secondary leakage.

The time between initial tube failure and rea tr p also depends on the
leak ra.e. In most cases sufficient tinm ivailable (greater than
3 minutes) for the operator to perform a ,.mites npmber of actions to
either prevent or prepare for reactor trip. Such actions are likely to
include starting additional charging pumps, energizing pressurizer heaters
1f not done automatically, reducing the load on the turbine, and pcr-sibly

manual reactor trip. These actions, with the exception of manual reactor




trip, will tend to delay an automatic trip signal. In addition, these
actions can have a significant effect on the system response following
reactor trip which may impact the longer term recovery. For example, as
turbine load reduction proceeds, the mismatch between core power and tur-
bine load causes the average coolant temperature (Tavg) to increase until
the rod control and steam dump systems actuate to vestore programmed Tavg.
Although the reference Tavg decreases with turoine load, a period of time
may exist when Tavg is greater than nominal full power conditions. 1If
reactor trip occurs during this time, the cooldown of the primary systen,
when the steam dump system actuates tc establish no-load conditions, is
enhanced. This may result in a significantly lower minimum RCS pressure
following reactor trip which may satisfy the criteria for tripp}ng the
RCPs. In addition, the combination of delayed reactor trip and reduced
steam flow due to turbine load runback may result in a greater steam
generator inventory when tecovery'actions are cs1ated. This would

reduce the time available to steam generator overfill.

Following reactor trip, core power rapidly de:reases to decay heat levels,
steam flow to the turbine is terminated, and the steam dump system
actuates to establish no-load coolant temperatures in the primary system.
Shortly thereafter, the normal feedwater control system throttles feed-
water flow in response to reduced steam flow. The RCS pressure decreases
more rapidly as sensible energy transfer to the secondary shrinks the
reactor coolant and tube rupture flow continues to deplete primary inven-
tory. This decrease in RCS pressure results in a low-low pressurizer
pressure SI signal soon after reactor trip. Normal feedwater flow is

automatically isolated on the SI signal which also actuates the Emergency



Feedwater. System to deliver flow to all steam generators. Eventually,
manual action is required tc ad just EFW flow to maintain the steam genera-

tor water level on the narrow range span.

Secondary side pressure will increase rapidly after reactor trip as auto-
matic isolation of the turbine momentarily stops steam flow from the steam
generators. Normally, automatic steam dump to the condenser would actuate
to dissipate energy transferred from the primary, thereby limiting the
secondary pressure increase. Since the intact and ruptured steam genera—
tors communicate via the main steam header, no significant difference in
pressures will be evident at this time. Initially SI flow and EFW flow
will absorb decay heat and decrease the reactor coolant temperature below
no-load until EFW flow is manually chrottled to maintained steam generator
level in the narrow range. This will also terminate steam flow and may

cause the steam generator pressures to slowly decrease as the cold EFW

condenses steam. At low decay heat levels or for multiple tube failures
the reactor coolant temperature may continue to decrease even after EFW

flow is throttled due to SI flow.

Pressurizer level decreases more rapidly following reactor trip as the
reactor coolant shrinks during the post-trip cooldown and primary-to-
secondary leakage continues to deplete coolant inventory. Although the
minimum pressurizer level is dependent upon a number of parameters,
including initial pressurizer level, initial power level, the size of the
tube failure, operation of pressurizer heaters, and pre-trip operator
actions, it is likely that level will be offscale low when SI is actuated.
With SI actuated, the primary system will tend toward a equilibrium con-

dition where break flow and coolant shrinkage are matched by SI flow. If



break flow and shrinkage are initially greater than SI flow, pressurizer
level and pressure will continue to decrease until quasi-equilibrium con-
ditions are reached. In some cases, such as multiple tube failures or
reduced SI cnpacit;, RCS pressure may momentarily decrease to saturation
until ST flow and EF¥W fl. * cool the primary system belcw the saturation
temperature of the steam generators. Conversely, 1if SI flow exceeds
primary-to-secondary leakage and coolant shrinkage, the pressurizer level
and pressure will increase until equilibrium i{s achieved. The equilibriam
RCS pressure depends on the size of the tube failures, capacity of the .
system, and cooldown rate of the primary. However, since leakage from the
RCS i{s a function of both pressure and temperature, no true equilibrium
pressure exists unless the reactor coolant temperature also remains
constant. Consequently, RCS pressure may continue to slowly decrease

until reactor coolant temperatures are stabilized.

The pressurizer may refill to a reiitively high level prior to operator
intervention if the tube failure is small. However, in the more likely
case, pressurizer level will return on span but will equilibrate at a
value significantly below nominal level. A point of confusion often noted
occurs during simulation of a steam generator tube failure event where
pressurizer level continues to increase toward an overfill condition
following actuation of the SI system. While admittedly such behavior
could occur for small tube failures in high-pressure plants, in some cases
this response has heen attributed to modelling limitations of the
pressurizer. The operator should be aware that although filling of the
pressurizer is possible, it is not generally expected. It should also be
clear that the reactor coolant temperature trend and operator actions such

as throttling EFW flow, will effect the pressurizer level.



As previously mentioned, the steam generator level may drop out of the
narrow range following rnacqpr'trip. EFW flow, which {2 =u omatically
actuated on an SI signal or low-low SG level, will begin to refill the
steam generators, distributing approximately equal flow to all steam

generators.

Since primary-to-secondary leakage adds additional inventory which accumu-
lates in the ruptured steam generators, level should return to the narrow
range in those steam generators significantly earlier and will continue to
increase more rapidly. This response provides confirmation of a steam
generator tube rupture event and also identifies the affected steam
generators. Although these symptoms will be evident very soon after reac-
tor trip for larger tube failures, for smaller tube failures in one or
more steam generators the steam generator level response may not be
noticeably different or may be nqlked by non-uniform EFW flows. In that
case, high radiation indications may be necessary for positive identifi
cation of the ruptured steam generator. In such instances, the break flow
would be less and, consequently, more time would be available for recovery

prior to filling the affected steam generators with water.

SGTR TRANSIENT: OFFSITE POWER UNAVAILABLE

The pr.nciple systems/components affected by a coincident statioa blackout
are the steam dump system, Reactor Coolant Pumps (RCPs), and RCS5 pressure
control. The effect of each of these on the system response and recovery

is discussed.

The steam dump system is designed to actuate following loss of load or
reactor trip to limit the increase in secondary side pressure. Without

offsite power available, the steam dump valves, which bypass the turbine



-
»

to the condenser, will remain closed. Hence, energy transferred from the
primary will rapidly increase steam generator pressures after reactor trip
until the atmospheric relief valves lift to dissipate this energy. Since
the secondary side temperature increase is greater, sensible energv
transfer from the primary side following reactor trip is reduced.
Consequently, RCS pressure decreases more slowly, so that SI actuation and

most attendant automatic actions are delayud.

RCPs trip on a loss of offsite power and a gradual transition to natural
circulation flow ensues. The cold leg temperature trends toward the steam
generator temperature as the fluid residence time in the tube region
increases. Initially, the core temperature rise decreases as core power
decays following reactor trip and subsequently increases as RC Loop flow
transitions to stable natural circulation. Without RCPs running the upper
head region becomes inactive and the fluid temperature in that region will
significantly lag that in the active RCS regions. In addition, subsequent
actions to isolate the affected steam generators and cool down the intact
RCS loops may stagnate the loop. Consequently, the hot leg fluid in that
loop may remain significantly warmer than in thé unaffected loops.
Similarly, SI flow into the stagnant loop cold leg may rapidly decrcase
the fluid temperature in adjacent regions significantly below the rest of

the RCS, as observed during the tube failure event at R. E. Ginna.



RECOVERY/RESTORATION TECANIQUE

The automatic protection systems are more tharn sufficient to maintain ade~-
quate core cooling even for multiple tube failures. However, extensive
operator actions are required to stop primary-to-secondary leakage which,
1f not terminated expeditiously, could lead to a steam generator overfill
condition. The system response to a steam generator tu?e failure before
and immediately after reactor trip has been described. From this descrip-
tion..thn symptoms which identify both the tube failure event and the
affected steam generators should be evident, including high or increasing
secondary side radiation, and steam generator level response. These symp-
toms provide the basis for diagnostics in the ERPs which are used to

direct the operator to the E-3 procedure.

The objectives of the recovery restoration technique incorporated into
procedure E-3 are to limit the release of radioactive effluents from the
ruptured steam generators, stop primary-to-secondary leakage to prevent
steam generator overfill, and restore reactor coolant inventory to ensure
adequate core cooling and plant control. Although many other techniques
may achieve any one of these goals equally well, ~he guidance in E~3 pre~-
sents the best approach for balancing all of these objectives for a wide
variety of events. Inherent safety features, such as unambiguous SI ter-
mination and reinitiation criteria, guarantee effective recovery actions
for credible multiple failure events and proper remedial actions for mie-

diagnosis or error.



w—

MAJOR ACTION CATEGORIES IN E-3

Identify and Isolate Ruptured SG(s)

Establish RCS Subcooling Margin

Depressurize RCS to Restore Inventory

Terninate SI to Stop Primary-to-Secondary Leakage

Prepare for Long Term Cooldown



e Identify and Isolate Ruptured scgaz

Once a tube failurz has been identified, recovery actions begin by iso-
lating steam flow from and stopping feedwater flow to the affected steam
generators. In addition to minimizing radiological releases, this also
reduces the possibility of filling the affected steam generator with water
by 1) minimizing the accumulation of feedwater flow and 2) enabling the
operator to estabiish a pressure differential between the ruptured and
intact steam generators as a necessary step towardi terminating primary-to-
secondary leakage. With steam flow and feedwater flow terminated, the
affected steam generator pressure will slowly increase thereafter as
primary-to-secondary leakage compresses the steam bubble in the steam
gcncrltor: Although this response is not demonstrated in the available
analysis results, actual plant experience exhibits this behavior.

Eventually a steam generator atmospheric steam dump valve would lift

unless actions to stop leakage into the affected steam generator are

completed.

e Establish RCS Subcoolin;,ﬂat;in

After isolation of the ruptured steam generators, 'he RCS is cooled to
less than saturation at the ruptured steam generator pressure by dumping
steam from only the intact steam generators. This ensures adequate sub-
cooling in the RCS after depressurization to the ruptured steam generator
pressure in subsequent actions. With offsite power available, the normal
steam dump system to the condenser provides sufficient capacity to perform
this cooldown rapidly. RCS pressure will decrease during this cooldown as
shrinkage of the reactor coolant expands the steam bubble in the

pressurizer. For multiple tube failures, RCS pressure may decrease to



less than the ruptured steam genmerator pressure as steam voids, which were
generated in the RCS during the initial depressurization, condense.
Reverse flow, i.e. secondary-to-primary leakage, during this time would
reduce the inventory in the ruptured steam generators and delay steam

generator overfill.

® Depressurize RCS to Restore Iaventory

When the cooldown is completed, SI flow again increases RCS pressure
toward an equilibrium value where break flow matches SI flow.
Consaquently, SI flow must be terminated to stop primary-to-secondary
leakage. However, the operator must first ensure adequate coolant inven-
tory. This includes both sufficient reactor coolant subcooling and
pressurizer inventory to maintain a reliable pressurizer level indication
after SI flow is stopped. Since leakage from the primary side will con~
tinue until RCS and ruptured steam generator pressures equalize an
"excess” amount of inventory, which depends on RCS pressure, is required
before stopping SI flow. To establish sufficient invantory, RCS pressure
is decreased by condensing steam in the pressurizer using normal spray.
This increases SI flow and reduces break flow which refills the

pressurizer.

For multiple tube failures, RCS pressure may decrease below the ruptured
steam generator pressure before pressurizer level returns on span. In
that case, reverse flow through the failed tubes will supplement SI flow
in refilling the pressurizer. Conversely, for smaller tube failures,
pressurizer inventory may be sufficient for SI termination prior to
depressurizing the RCS so that actions to restore i{nventory would not be

necessary.



e Terminate SI to Stop ?ri-nsz-to-s.condagz Leakage

Previous actions were designed to establish adequate RCS subcooling,
secondary side heat sink, and reactor coolant inventory to ensure SI flow
is no longer required. When these acticns have been completed, SI flow
must be stopped to prevent repressurization of the RCS and to terminate
primary-to-secondary leakage. With SI flow stopped, residual break flow
will reduce RCS pressure to equilibrium with the ruptured steam generator.
RCS temperature, pressurizer level, and affected steam generator levels

will stabilize.

e Prepare for Long Term Cooldown to Cold Shutdown

Following SI termination, the plant will stabilize near hot shutdown con-
ditions and all immediate safety concerns will have been addressed. At
this time a series of operator actions must be performed to prepare the
plant for cooldown to cold shutdown conditions. These actions include
restoring normal CVCS operation, minimizing the spread of contamination
throughout the seconcary side, and starting an RCP if necessary to ensure
uniform cooldown and boron concentration. The operator must also select
the best post-SGTR cooldown method based on an evaluation of the plant
status. Considerations for selecting either ES-3.1, POST-SGTR COOLDOWN
USING BACKFILL", ©S=3.2, "POST-SGTR CNOLDOWN USING BLOWDOWN", or ES-3.3,

"POST-SGTR COOLDOWN USING STEAM DUMP" are discussed next.



E-3 STEAM GENERATOR TUBE RUPTURE

METHOD OF RECOVERY

® SHOULD RCPs BE STOPPED

O IDENTIFY RUPTURED SG(s)

0 ISOLATE RUPTURED S6

O PRZR PORVs AND BLOCK VALVES PROPERLY POSITIONED
0 ANY SGs FAULTED

O RESET SI AND ESTABLISH CTMT. AIR
O ALL AC BUSSES POWERED FROM OFFSITE
0 SECURE RHR PUMPS IF NOT NEEDED
0 CHECK RUPTURED SG(s) PRESSURE
0 COOLDOWN RCS AT MAXIMUM RATE
® RUPTURED SG PRESSURE STABLE OR INCREASING

@ RCS SUBCOOLING ADEQUATE

¢ DEPRESSURIZE RCS

O SI TERMINATION CRITERIA MET

0 CHARGING/LETDOWN ESTABLISHED

0 SI FLOW REQUIRED

0 MINIMIZE RCS-TO-SECONDARY LEAKAGE

0 SHUTDOWN UNNECESSARY PLANT EQUIPMENT (CONDENSATE, HEATER DRAIN)
® GO TO APPROPRIATE POST-SGTR COOLDOWN METHOD



ES-3.1  POST-SGTR COOLDOWN USING BACKFILL

PURPOSE OF PROCEDURE

0 FOLLOWING AN SGTR

- + COOLDOWN PLANT TO COLD SHUTDOWN CONDITIONS
- DEPRESSURIZE THE PLANT

® DEPRESSURIZE RUPTURED SG BY BACKFILL FROM RUPTURED S6 TO RCS

ENTRY INTO PROCEDURE

0 PLANT STAFF SELECTS BACKFILL METHOD
- E-3, SIEP 38

0 BLOWDOWN NOT AVAILABLE AND PLANT STAFF SELECTS BACKFILL METHOD
- ES-3.2, SIEP 9



£S-3.1 POST-SGIR COOLDOWN USING BACKFILL

METHOD OF RECOVERY

O REGAIN PRZR PRESSURE CONTROL
® ISOLATE ACCUMULATORS IF NOT NEEDED
® RCS SDM ADEQUATE

0 INTACT S6 LEVELS IN R

O COOLDOWN RCS TO COLD SHUTDOWN
¢

?

i

'

DEPRESSURIZE RCS TO BACKFILL FROM RUPTURED SG
PLACE RHR SYSTEM IN SERVICE

STOP RCPs WHEN REQUIRED

EVALUATE LONG TERM PLANT STATUS




ES-3.2  POST-SGTR COOLDOWN USING BLOWDGWN

PURPOSE OF PROCEDURE

0 FOLLOWING AN SGTR
= COOLDOWN PLANT TO COLD SHUTDOWN CONDITIONS
- DEPRESSURIZE THE PLANT
O DEPRESSURIZE RUPTURED S6 BY DRAINING WITH BLOWDOWN

- ENTRY INTO PROCEDURE

PLANT STAFF SELECTS BLOWDOWN METHOD
- E-3, STEP 38



£S-3.2  POST SGTR COOLDOWN USING BLOWDOWN

METHOD OF RECOVERY

ISOLATE ACCUMULATORS IF NOT NEEDED

RCS SDM ADEQUATE

INTACT S6 LEVELS IN MR

INITIATE RCS COOLDOWN

MINIMIZE RCS-TO-SECONDARY LEAKAGE (RCS PRESSURE AND MAKEUP CONTROL)
ESTABLISH RUPTURED SG BLOWDOWN

DEPRESSURIZE RCS (MINIMIZE RCS-TO-SECONDARY LEAKAGE)
STOP RCPs WHEN REQUIRED

PLACE RHR SYSTEM IN SERVICE

CONTINUE RCS COOLDOWN TO COLD SHUTDOWN

EVALUATE LONG TERM PLANT STAYUS

|
|
|
\
REGAIN PRZR PRESSURE CONTROL



ES-3.3  POST-SGTR COOLDOWN USING STEAM DUMP

PURPOSE OF PROCEDURE

0 FOLLOWING AN SGTR

= COOLDOWN PLANT TO COLD SHUTDOWN CONDITIONS
= DEPRESSURIZE THE PLANT

® DEPRESSURIZE RUPTURED S6 BY DUMPING STEAM
ENTRY INTO PROCEDURE

0 PLANT STAFF SELECTS STEAM DUMP METHOD
- £-3, SIEP 38

¢ BLOWDOWN NOT AVAILABLE AND PLANT STAFF SELECTS STEAM DUMP METHOD
- E5-3.2, STEP 9



£S-3.3  POST-SGTR COOLDOWN USING STEAM DUMP

METHOD OF RECOVERY

REGAIN PRZR PRESSURE CONTROL

ISOLATE ACCUMULATORS IF NOT NEEDED

RCS SDM ADEQUATE

INTACT S6 LEVELS IN MR

INITIATE RCS COOLDOWN

MININIZE RCS-TO-SECONDARY LEAKAGE (RCS PRESSURE AND MAKEUP CONTROL)
DUMP STEAM FROM RUPTURED S6

DEPRESSURIZE RCS (MINIMIZE RCS-TO-SECONDARY LEAKAGE)
STOP RCPs WHEN REQUIRED

PLACE RHR SYSTEM IN SERVICE

CONTINUE RCS COOLDOWN TO COLD SHUTDOWN

EVALUATE LONG TEKM PLANT STATUS



SPECIAL TOPICS

This section of ERP training discusses various topics concerning plant

emergency responses that the operator is confronted s ith in the ORGs, ECAs
and FRPs. For th: most part, the trained oper.inr .. expe.ted to know the
capabilities and limitations of plant iquipment and what alternatives
exist should that equipment be inoperable or ineffective. He is also

expected to understand the integrated plant limitations resulting for

accident induced transients.

In many cases, a dozen or more variables combine to craate potentially

dangerous situations for the jlant and its equipment. The ERPs are
designed to handle these situations in conjunction with the operator. The
operator's role consists of observing, momitoring, comtrolling and
deciding (when options are given to accomplish a task). This operator

decision responsibility is predicated on the assumption that the operator

has the knowledge to select the most appropriate option.

In other cises, the deciding function of the operator is less important.

An example of this is the CRITICAL SAFETY FUNCTIONS. When a CSF is

challenged, the operator is instructed in detail on a pre-analyzed action
to be taken., However, the operator must still be well informed and
understand the bases for these mandatory actions and the consequences if

prompt actions are not taken,
Special Topics for further discussion include the following:
@ S5SI Termination and Reinitiation Criteria

e RCP Trip Criteria




RCP Restart Requirements/Interlocks

RCS Pressure Reduction Methods - Limitations, Advantages/Disadvantages
L. Normal Spray
2. PORVs

3. Auxiliary Spray

RCS Pressure - Temperature Limitations

Pressurized Thermal Shock (PTS)

Hydrogen Venting from RCS

Loss of Emergency Coolant Recirculation



Background Information

for

SI TERMINATION AND REINITIATION CRITERIA



INTRODUCTION

For the most part, SI (ECCS) Termination and Actuation Criteria is speci-

fically stated in the applicable ERPs in at least one place., However, the
operator should know that the criteria can vary depending om the plant

status,

DISCUSSION

SI termination conditions, if applicable for a particular ERP, are given
in the procedure text at the appropriate step., In cases when automatic SI
actuation has occurred from the S5PS, and the RCS proves to be intact, a

detailed SI TERMINATION procedure is provided.

IN GENERAL, SI termination can only be dome if RCS subcooling is restored

and if pressurizer level and pressure control is restored.

S1 reinitiation conditions, if applicable for a particular ERP, are given
in at least two places in the procedure. One place includes the OPERATOR
ACTION SUMMARY which appears on the back side of certain applicable proce-
dure pages. Therefore, it will always be visible to the operator at aay

step in the procedure.

IN GENERAL, the operator must reinitiate SI if RCS Subcooling decreases to

LESS THAN 30°F OR if Pressurizer Level CANNOT BE MAINTAINED IN RANGE.

An example OPERATOR ACTION SUMMARY is provided for reference on the

following page.




1.

2.

3.

4.

5.

OPERATOR ACTION SUMMARY FOR E-O SERIES PROCEDURES
RCP TRIP CRITERIA

Trip all RCPs if any conditions listed below sccur:

® | CCPs or SI pumps - AT LEAST ONE RUNNING
-m-

[ RCS Subcooling - LESS THAN 30°F

e Phase B containment isolation (loss of PCCW)
N RCP seal 4P - LESS THAN 220 PSID

e RCP #1 seal leakoff flows - LESS THAN 0.2 GPM

SI ACTUATION CRITERIA

Actuate SI and go to E-0, REACTOR TRIP OR SAFETY INJECTION, Step L, if
EITHER coundition listed below occurs:

e RCS Subcooling - LESS THAN 30°F
- OR -

B Pressurizer level - CANNOT BE MAINTAINED GREATER THAN 5% [30%
FOR ADVERSE CONTAINMENT]

EFW SUPPLY

.

Commuuce CST makeup as soon as possible to avoid low inventory
problems.

RED PATH SUMMARY =~ ATTACHMENT B8

KEY CAUTIONS

- If SI actuation occurs during this procedure, E-O, REACTOR TRIP OR
SAFET" INJECTION, should be performed,

e Do not :oolcown plant by overfeeding SGs.

¢ On nitural circulation, RTD bypass temperatures and associated
interlocis will be inaccurate.
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Background Informatiom

for

REACTOR COOLANT PUMP TRIP CRITERIA



INTRODUCTION

An issue that arose subsequent to the Three Mile Island incident concerned
cthe effect of prolonged cperation of the reactor coolant pumps (RCPs)
during a small break loss of coolant accident (LOCA). Extensive analyses
have been performed for Westinghouse designed PWRs to evaluate the effect
of delayed RCP trip during small break LOCAs. These analyses were per-
formed utilizing the Westinghouse Small Break Evaluation Model. In the
study, a range of break sizes and locations assuming various RCP trip

times was considered.

Evaluation of the cases indicate two distinct characteristic behavior
modes depending om RCP trip time. This trend is made evident by Figure 1
which presents integrated break discharge mass versus time. The change of
slope of each curve of Figure | represents a shift in break flow steam
quality from neariy zero to one, as the reactor cnolant system (RCS)
drains to the break elevation. Case A is the FSAR 3 inch break calcula-
tion for a 3-loop plant design, which assumes RCP trip at the time of
reactor trip. Cases B and C represent analyses in which RCP trip still
occurs prior to the time of RCS drain to the break elevation in the FSAR
calculation. Figure 1 illustrates that the differences in the integrated
break discharge characteristics are insignificant for these cases.
Therefore, the liquid mass inventory remaining in the RCS is also com-
parable, yielding PCTs similar to FSAR Case results, well below the regu-

latory limit of 2200°F.

Cases D through G represent transients in which the RCPs remain opera-
tional beyond the time of RCS drain to the break elevation for Case A and

demonstrate significant differences in the integrated break discharge
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transient. Forced loop flowrates induced by RCP operation maintain the
funer vessel mixture level above the hot leg nozzle elevation. This
allows for continued cirvculation of liquid around the loops, providing a
source of liquid to the break region. Therefore, as the RCS drains, con-
~ tinued RCP operation prolongs the period of liquid break discharge. The
difference in time of the slope change for the delayed RCP trip cases is
ld&ittonnl time of liquid break discharge. The prolonging of the liquid
break discharge further depletes the liquid mass Inventory remaining in
the RCS. Immediately following RCP trip for these cases, loop flowrate
decreases and phase separation occurs. A rapid reduction in RCS mixture
level results, which may partially uncover the fuel. Prolonged RCP opera-
tion and che resultant additiomal liquid mass depletion can greatly affect
the core uncovery characteristics. Depending on plant type and break
size, an interval of RCP trip times may yield PCTs greater than the FSAR
case result. The effect of RCP trip time on calculated PCTs is

fllustrated in Flgure 2.

Lf ACPs recain operational throughout the transient (Case H of Figure 1)
depletion of primary liquid mass is maximized. Nevertheless, PCTs remain
well below FSAR Case results due to enhanced core cooling caused by the
high core steam flowrates indicative of RCP operation. However, oy.raeion

of the RCPe continuously post-~LOCA cannot be guaranteed and failure of the

RCPs may be postulated to occur at any time. The purpose of tripping the

RCF s duttniraccidon: conditions is to prevent unnecessary depletion of RCS

water iaventory through a small break in the RCS which could lead to

severe core uncovery if the RCPs were tripped for some reason later in the

accident, The RCPs should be tripped before the RCS inventory is depleted
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to the point where tripping of the pumps causes the break to immediately
uncover by allowing the RCS liyuid ioventory to settle in the low places

of the RCS below the break elevationm.

It 42 possible to utilize a comservative criterion to assure that the RCPs
are tripped early in a small break LOCA trcnnlcnt. However, the use of
this conservative criterion would also result in RCP trip for a steam
generator tube rupture (SGTR) and other non-LOCAs for which it is
desirabls to keep the pumps running. It is desirable to keep the RCPs
running during these transients to maintain normal pressure control using
pressurizer spray and avoid opening of the pressurizer PORVs for this pur-
pose, to prevent the formation of a stagnant water volume in the upper
head region which may flash and form a steam bubble during subsequent
cooldown and depressurization, to minimize potential pressurized thermal
shock challenges, and to minimize operator actions such as tripping the
RCPs and then restarting them later. Thus, it would be beneficial to
develop a RCP trip criterion which would ensure punp trip for the range of
small break LOCAs where pump trip is required, but would not lead to pump
txip for most SGTRs and non-LOCAs. However, it would not be a safety
problem if RCP trip should occur for a SGTR or non-LOCA event, since the
plant safety aystems design and FSAR analysis for these accidents are

based on concurreut loss of offsite power, and therefore omn RCP trip.

In NRC Generic Letters, the NRC addressed the question of developing RCP
trip setpoints which would not require RCP trip for those transients and
accidents where forced circulation and pressurizer pressure control is a

major «id to the operator, yet would alert the operators to trip the RCPs

for those small LOCAs where continued operation or delayed trip might



result in core damage. The NRC concluded that the need for RCP trip

following a transient or accident should be determined by each plant, comn-
sidering the Owners Group input, and provided guidance for the development
of satisfactory RCP trip setpoints. This guidance indicated that the set-

points should be designed to assure that the RCPs will be tripped for all

LOCAs in which RCP trip is considered necessary, but should also ersure

continued forced RCS flow during SGTRs up to and including the desij
basis tube rupture. The associated evaluation should be capable of
demonstrating and justifying that the proposed RCP trip setpoints are ade-

quate for small LOCAs, but will not result im RCP trip for other non-LOCA

transients and accidents (e.g., SGTRs).

Thus, it is necessary to establish an RCP trip criteriom which can be used

to provida an indication for the operator to trip the RCPs following an
accident. The criterion must be capable of providing an indication of the

need for RCP trip for small break LOCAs, but the criterion should not

indicate the need for RCP trip for most SGTR and non-LOCA events




ALTERNATE RCP TRIP CRITERIA

For a small break LOCA, the RCP trip criterion must provide for pump trip
before the RCS coolant inventory decreases to the point where the break
would be uncovered when the pumps are tripped. Thus, parameters which are
indicative of the RCS coolant inventory should be suitable for use as
potential RCP trip criteria. The evaluation of alternate RCP trip cri-
teria was limited to the potential criteria which can generally be imple-
mented using existing qualified instrumentation. The altermate RCP trip
criteria which were evaluated include RCS pressure, reactor coolant sub-

cooling, and secondary pressure dependent RCS pressure.

In establicshing the RCP trip setpoint for any of the potential criteria,
the uncertainty in the instruwcntation readings must be cousidered. One
of the factors which can affect the instrument uncertainty i: environmen-
tal conditions. The environncntai conditions inside the containment
following an accident can vary from normal conditions to the worst case
post-accident conditions depending upon the type and severity of the acci-
dent. For the purpose of evaluating instrumentation uncertainties,
adverse containment conditions have been defined as a pressure of approxi-
mately 5 psig or a radiation level of approximately 104 R/hr. Based upon
instrumentation qualification studies, it has peen determined that the
normal instrument uncertainties can be used for containment conditiomns
below these limits, but that the uncertainties associated with post~-
accident containment conditions should be used for pressures or radiation

levels above these limits.



Although a major LOCA or secondary break inside containment m y result in
adverse containment conditions, there are rany other nc.-LOCAs which are
not expected to result in adverse containment conditions. In addition, a
SCGTR is not expected to result in adverse containment conditions. If
adverse containment conditions exist, then the instrument uncertainties
associated with post-accident containment conditions can be utilized in
establishing the RCP trip setpoint, whereas normal instrument uncertain-
ties can be used if adverse containment conditions do not exist. This
requires the maintenance of two RCP trip setpoints, with the appropriate
one being selected based on an indication of containment conditions.
Since most SGTR and non-LOCA events are not expected to result in adverse
containment conditions, the lower setpoint based on normal instrument
uncertainties will reduce the likelihood of tripping the RCPs for these

events.

The threa potential RCP trip criteria which have been considered are

discussed below.

e RCS PRESSURE CRITERION

The purpose of trippiag the RCPs during accident conditions is to prevent
unnecessary depletion of RCS water inventory through a small break in the
RCS which could lead to severe core uncovery if the RCPs were trippecd for
some reason later in the accident. RCP operation does not lead to pro-
longed RCS liquid inventory loss to the break until the time is reached
where tripping the RCP causes the break to immediately uncovery by
allowing the RCS liquid inventorvy to settle in the low places of the RCS

below the break elevation. The break cannot be uncovered until the steam



generator tubec have begun to drain. Also, the steam generator tubes can-
not begin draining until saturation pressure is reached at the top of the
steam generator tubes. Only then is steam able to reside in the top of

the steam generator tubes to volumetrically compensate for the falling

liquid level.

Thus, the objective is to trip the RCPs at the time that saturation
pressure is reached at the top of the steam generator tubes. The deter-
mination of this saturation pressure dcpcﬁda on the conditions in the pri-
mary system, the conditions in the steam generator secondary side, and the
location and accuracy of the instrumentation used to make the deter-

mination.

A bounding decay heat level at 2 minutes after reactor trip will be used
as one boundary condition to determine the primary system conditions. The
value of decay heat at the time is about 3.5 percent. The RCP heat input
to the primary system should also be included. With the RCPs operating,

the primary system is able to transfer the 3.5 percent decay heat and RCP

.

heat with a very small AT. However, the actual cehpera:ures of the RCS

will depend on the conditions in the steam generator secondary side.

The pressure in the steau generator secondary side will depend on the
availability of the condenser for steam dump operation and the operability
of the secondary ASDVs. The highest operating pressure of the steam
generator secondary side will occur if the condenser is not available and
the secondary ASDVs are not operable (e.g., loss of air supply) and the
sceam generator secondary side pressure is established by the safety

valves. This is the steam generator secondary side condition that is cho-



sen because with a concurrent small LOCA it will protect for the highest
possible saturation pressure. Therefore, the secondary pressure is

related to the steam geterator safety valve set pressure.

The RCS indicated pressure that will be compared to the secoudary pressure
must be considered. The RCS wide range pressure wnich would be used for
this purpose is normally measured in the hot leg (e.g., the RHR suction
line). There is a pressure drop between the RCS pressure measurement
location and the top of the steam generator tubes (where the occurrence of
saturation is key), there is a pressure gradient across the steam genera-
tor tubes required for heat transfer, and there is a pressure drop from
the steam generator to the secondary safety valves. Thus, the RCS pres-
sure for RCP trip should be the secondary pressure established by the
steam generator safety valves plus the calculated pressure differential

from the secondary safety valves to the RCS pressure measurement location.

The appropriate instrument uncertainties should be added to the RCS
pressure value established by the above procedure. For normal containment
conditions, the normal instrument uncertainties should be used, whereas
with adverse containment conditions, the instrument uncertainties asso-
ciated with post-accident containment conditions should be used. The
resulting pressure is the indicated RCS pressure at which the operator
should trip the reactor covlant pumps, depending upon the containment con-

ditions

e RCS SUBCOOLING CRITERION

As discussed previously, RCP operation following a small break LOCA does

not lead to prolonged RCS liquid inventory loss to the break until the

time is reached where tripping the RCPs causes the break to immediately



uncover. The break cannot be uncovered until a significant amount of
voiding has occurred in the RCS. Since it is expected that voiding will
occur first at the reactor outlet, it would not be required to trip the
RCPs as long as subcooling is maintained in the RCS hot legs. The sub-
cooling indication based on either the hot leg RTDs or the core exit ther-
mocouples can be used for this purpose. To assure that pump trip indica-
tion is available before subcooling is actually lost, the instrument
uncertainty for the plant subcooling monitor must also be considered.
Thus, the RCP trip setpoint using a subcooling monitor would be zero

degrees subcooling plus the instrument uncercainty.

The normal instrument uncertainties should be used to determine the RC?
trip setpoint for normal containment conditions, and the instrument uncer-=
tainties based on post-accident containment conditions should be uscd to

determine the setpoint for adverse containment conditions.

e SECONDARY PRESSURE DEPENDENT RCS PRESSURE CRITERION

In previous sections, an RCS pressure criterion was described to provide
for tripping the RCPs at the time when saturation pressure is reached at
the top of the steam generator tubes. The method of determining the RCS
pressure setovoint is based on the conservative assumption that the seéon-

dary pressure is at the steam generator safety valve set pressure.

However, the secondary pressure may actually be less than this value,
depending upon the availability of the steam dump system and the secondary
ASDVs. With this method, the RCS pressure setpoint will be determined

based on the actual steam gener-"or pressure.



EVALUATION OF ALTERNATE RCP TRIP CRITERIA

The fnlultl of the small break LOCA analysis demonstrate that the three
alternate RCP trip criteria (RCS pressure, RCS subcooling and
RCS/secondary AP) are essentially equivalent in providing an indication
for the operator to trip the pumps during a small break LOCA tramsient.
The results also show that each of the criteria will provide the indica-
tion for RCP trip sufficiently early ~uch that more thau 2 minutes are
available after the RCP trip setpoint is reached for operator actionm
before the time when trip is required. This was demonstrated for each of
the RCP trip criteria without cousidering the effect of instrument uncer-
tainty in determining the RCP trip setpoints. Thus, each c¢f the alternate
RCP trip criteria will satisfactorily indicate the need for RCP trip for a
small break LOCA for either normal or adverse containment conditioms.
Because each of the alternate RCP trip critecia are adequate to quickly

provide an indication of the need for trip during a small break LOCA, the

choice of which criterion to implement at a given plant may therefore be
based upon the discrimination capability for SGTRs and non-LOCAs and other

plant specific instrumentation comsiderations.

SELECTION OF RCP TRIP CRITERION

Since it was determined that the three altermate RCP trip criteria are
essentially equal in effectiveness in providing indication of the need for
pump trip for a small break LOCA, the criteria selection can be based on

the capability to prevent a pump trip for SGTRs and non-LOCAs.



» EVALUATION OF RCP TRIP CRITERIA DISCRIMINATION CAPABILITY

' FOR SEABROOK
RCP TRIP CRITERIA
' RCS/
RCS RCS Secondary
Pressure Subcooling AP
Minimum parameter values for 1753 psia 58°F 685 psi
SGTR and non-LOCA transients
RCP trip setpoint with normal 1390 psia 30°F -
containment conditions
Does criterion meet discrimi- Yes Yes Yes
(5 nation requirement in NRC
letters
Companion RCP trip setpo.:t 1390 psia 30°F -

with adverse containment

conditions

At Seabrook, we can use either RCS Pressure or RCS Subcooling. RCS/Secon-
dary AP could be used but AP is not provided as a hard wired instrument.

At this time, the EkPs will use RCS Subcooling as the RCP Trip Criterion

unless otherwise stated.




It is very important to point out that SUBCOOLING provides the BASIS for

RCP trip, BUT THIS IS NOT THE WHOLE STORY,

The operator MUST NOT trip the RCPs on loss of SUBCOOLING ALONE, Before
actually tripping the RCPs, the operator MUST also ensure that AT LEAST
ONE CCP OR SI PUMP IS ALSO RUNNING. Remember that the RCPs provide

excellent core cooling even if subcooling is zero.

In addition, other factors enter into this criteria such as loss of PCCW

cooling to RCP motors, insufficient seal oP or low seal leakoff flow.

The RCP TRIP CRITERIA appears in just the E-0 series procedures.

The RCP TRIP CRITERIA for Seabrook is shown on the following page.



RCP TRIP CRITERIA

Trip all RCP's if any of the conditions listed below occur:

® CCP's or Sl pumps - AT LEAST ONE RUNNING
and

® RCS subcooling - LESS THAN 30° F

® Phase B Isolation
® RCP Seal AP-LESS THAN 220 PSID

® RCP #1 Seal leakoff flow - LESS THAN 0.2 GPM



Background Information
for

REACTOR COOLANT PUMP RESTART



INTRODUCTION

Many instances occur in the ERPs when the RCPs are shut down due to the
specified trip criterion (e.g.; usually SUBCOOLING) or loss of supporting

conditions such as 13.8 KV power and loss of PCCW to motors.

Frequently, it may be useful or desired to restart at least ome RCP for

cooling, plant cooldown, pressurizer spray capability and to mitigate
serious situations such as inadequate core cooling or thermal stress in

the reactor vessel.

RCP RESTART CRITERIA

RCP restart criteria can be classified in two ways, (e.g.; interlocks and
support functions). RCP interlocks are those conditions that HAVE to be
fulfilled to permit breaker closu'e. These consist of;

e Electrical lockouts reset

e RCP Seal uP > 220 PSID

e O0il Lift Pressure > 600 PSIG

Other support functions necessary for continuous pump operation are
designated support functions and consist of the following;
e PCCW pump operating in loop associated with RCP
e PCCW containment isolation val.es open
1) To RCP motor
2) To RCP thermal barriers

e Seal injection flow > 6 GPM

Keep in mind that the RCPs can be started without cooling to the motors or

the thermal barriers. Typically the motors can only run about tem (10)



minutes without cooling after which the bearings will overheat and cause a

locked rotor condition or at least an overcurremt trip.

Also keep in mind that some form of seal cooling is necessary, either seal

injection or thermal barrier cooling or both. Operation without either
will rasult in seal failure and up to 300 GPM leakage (LOCA) into the con~

tainmeat. In general, it is best to have BOTH seal cooling mechanisms to

start an RCPF and at least ONE to continue RCP operatiom.

The operatcr should KNOW that RCP-lA and RCP-1D are cooled by PCCW Loop A
and RCP-1B and RCP-1C are cooled by PCCW Loop B. The operator should also

know that Bus i supplies RCP-1A and 1B and Bus 2 supplies RCP-1C and 1D.

Note that an RCP that drives pressurizer spray is om each 13.8 KV bus.

It is also worth noting that RCP operation with a saturated or highly

voided RCS will result in high vibration (shaft and motor frame) and that

normal motor current will be less than normal.



Background Information
for

RCS PRESSURE REDUCTION MEASURES



INTRODUCTION

The ERPs contain many steps that require RCS pressure reduction,
Mechanisms for RCS pressure reduction include normal pressurizer spray,

auxiliary spray and pressurizer PORVs. All three mechanisms have limita-

tions that the operator must be aware of,

NORMAL PRESSURIZER SPRAY

Use of normal pressurizer spray is in general the most desirable pressure
reduction mechanism. Hcwever, certain RCPs must be running for it to be
effective. Single pump operation in the loops with spray connections is
the most effective. In addition, runniang RC-P-1C in loop 3 will yield the
best results since the pressurizer surge tap is counected to loop 3 hot

leg.

Therefore, a heirarchy of preference for pressurizer spray exists as

follows:

L. Run RC-P~1C using loop 3 spray valve - BEST

2. Run RC-P-lA using loop 1 spray valve - GOOD

Running either RC-P-1lB or RC-P-1D will not produce good results because
the reverse flow in loops one and three will not drive much spray flow up
to the pressurizer. This is because of system pressure drops and the
orientation of loop one and loop three spray scoops. Recall that the
spray scoops add velocity head to the spray lines omnly if forward loop

flow exists.



Although normal pressurizer spray is the best and preferred pressure
reduction mechanism, it may be the most difficult to reestablish in some

accident scenarios, since it requires possible selected RCP restart which

depends on the operability of control grade instrumentation and contain-

ment instrument air.

A major advantage associated with normal spray is that it CONSERVES reac~

tor coolant inventory.

PRESSURIZER PORVs

If normal spray is not available, use of one PRZR PORV has priority over
auxiliary spray. Auxiliary spray is used as a last resort to minimize

thermal shock to the spray nozzles.

Opening one PORV results in a more rapid pressure reduction than normal
spray, however, it is slow enough to allow operator action such as

blocking SI actuatiom at P-11.

The PORVs are highly reliable because they are redundant and are operated

by safety grade controls withoyt total dependency om air or off-site

power.

Use of a PORV will initially result in a loss of RCS inventory. However,
this is well within the capability of the CCPs in either the charging or
ECCS modes. 1In fact, in the ECCS mode, the reduction in RCS pressure

results in higher ECCS flow into the system.

The major concerns of the operator when using a PORV should focus om suc-

cessful reclosure of the PORV and the integrity of the PRT.



Since TMI, a lot of effort has been expended to increase valve reliability
and to provide positive valve position indication. This, combined with

the PORV isolation valve should instill operator confidence.

The PRT is not designed for continuous pressurizer discharge. However,
analysis shows that most step (short term) discharges, such as those asso-
ciated with a cooldown, can be accommodated without opening the rupture
disc. The operator can help the situation by ensuring that the PRT
cooling system operates, if available, to cool down the PRT liquid between
discharges. Another option involves pumping down the PRT in comjunction
with spraying RMW, However, remember that increasing the PRT level will

compress the nitrogen atmosphere and may worsen the situationm.

AUXILIARY SPRAY

Use of auxiliary spray for any other purpose than normal pressurizer
cooldown is laced with potential problems that the operator should be

familiar with.

First, the auxiliary pressurizer spray system supplies water from the CVCE
to the pressurizer spray nozzle. If normal letdown (and charging) through
the regenerative HX is NOT in service, the auxiliary spray water will not
be PRE-HEATED prior to discharge through the pressurizer spray nozzle.
This will cold shock (AT=550°F) the nozzle and may cause nozzle failure.
Failure in this case means that the nczzle breaks off and takes up resi-
dence in the bottom of the pressurizer. Without the nozzle, even normal

spray would become less effective.



In Westinghouse NSSSs, the maximum recommended AT for auxiliary spray use
is 200°F. 1If it becomes necessary for the operator to use auxiliary spray

without letdown preheat, the operator should cut in flow as slowly as

possible.

In general, the ERP's attempt to restore charging and letdown first before

pressure reduction steps that allow use of the auxiliary spray optiom.

Secondly, the operator must be aware of flow competition with charging and.
BIT flow, since flow takes the path of least resistance. If normal
charging and letdown are in service (no BIT flow), opening the auxiliary
spray valve won't yield much auxiliary spray flow. It may be necessary
for the operator to close the normal charging isolation to loops ome or
four to get auxiliary spray flow. Of more significance is the situation
where ECCS is in operation (normal charging ané¢ letdown isolated). In

this case, the operator would have to isolate BIT flow to obtain auxiliary

spray flow, THIS COULD BE A DEFINITE NO-NO! In a case llke this, the

ERPs specify that the operator use ome PORV without the option to use

auxiliary spray.



Background Information

for

SEABROOK PRESSURE-TEMPERATURE LIMITS



CURVE DESCRIPTION

MAXIMUM TECH SPEC CoOLDOWN LIMIT 3 100°F/Hr
RCS SATURATION CURVE

Maximum PORV SeTPoINT (2385 PSIG)

LTOP ProgRAM FOR PORVS

RCP NPSH

RHR OPERATING LIMITS

MiNIMUM RCS PRESSURE FOR RCP OPerATION [May
REQUIRE HIGHER PRESSURE (~ 350 PSIG) TO MEET
MINIMUM SEAL LEAKOFF FLOW (0.2 GPM)]

50°F SUBCOOLING LINE

100°F SuBCOOLING LINE
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INDICATED RCS PRESSURE (PSIG)
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OPERATOR LESPONSE TO IMMINENT PTS CONDITIONS

The Function Restoration Procedure FR-P,l, "RESPONSE TO IMMINENT PRES-
SURIZED THERMAL SHOCK CONDITION," provides guidance in the event of an
unexpectedly severe RCS cooldown following a reactor trip or safety injec-
tion actuation (indicated by the RED or ORANGE terminus of the Integrity

Status Tree). The operator is provided with instructions to attempt to
prevent further cooldown and to minimize the pressure in the RCS in order
to respond to a challenge to reactor vessel integrity. Guidance is also
provided on any subsequent RCS cooldown restrictions required to safely

achieve cold shutdown conditions.

An event or series of events which leads to a relatively rapid and severe
reactor vessel downcomer cooldown can result in a thermal shock to tﬁe
vessel wall that may lead to the initiation and growth of a small flaw
that may already exist in the vessel wall into a larger crack. A growth
or extension of such a flaw may lead in some cases (where propagation is
not stopped within the wall) to a loss of vessel integrity. The objective
of the Integrity Status Tree and its associated Function Restoration
Procedures is to enable the operator to identify a potential thermal shock
condition and to take action to assure the integrity of the vessel. The
basis is to prevent the initiation of a flaw, and in the event the limits
set forth are exceeded, specific procedures are given which appropriately
restrict operation to prevent further growth of a possible wall crack with

concomi tant loss of integrity.

The FRP is entered from two separate branches of the Integrity Status
Tree, one having a RED terminus signifying a potentially damaying thermal

shock condition independent of RCS pressure, with the second having an




ORANGE terminus signifying an imminent approach to the RED conditionm,
depending on subsequent increases in pressure or decreases in temperature.
A limited numbe: of scenarios related to single or multiple failures
iavolving LOCA, secondary break: or steam genmerator tube rupture may lead
to a severe cooliug ~€ the entire RCS (e.g., secondary breiks or LOCA) or
a local coo'ing of the cold ley/downcomer area (e.g., LOCA or steam

generator tube rupture).



-

MAJOR ACTION CATEGORIES IN FR-P.1l

* Cold leg temperature has exceeded RED or ORANCE LIMITS

® Attempt to Stabilize Temperature

= If Excessive Cooldown Caused By ECCS, THEN:

1) Terminate ECCS

-o‘-

2) Start an RCP to mix cold ECCS water with coolant
¢ Depressurize RCS to Minimum Subcooling
e Temperature SOAK (ANNEAL TO INCREASE DUCTILITY)

e Cooldown at Less Than S50°F/Hr with Maximum of 200°F Subcooling



-

DISCUSSION

During the fabrication of the vessel or during the operational lifetime of
the plant, small flaws may be created in the weld or base metal of the
reactor vessel. These flaws can be propagated or extended into larger
cracks if very high thermal or pressure (membrane) stresses are imposed on
them by RCS transients. A severe thermal nhocﬁ or a pressurized thermal
shock can lead to a brittle fracture of the vessel wall such that a loss

of vessel integrity may occur.

A vessel thermal shock condition exists if a rapid fluid temperature
decrease occurs in the downcomer regiom of the reactor vessel. A tem-
perature difference will then be established through the vessel wall with
the inside of the wall initially rapidly cooled while the outside portion
remains close to its initial temperature. An example fluid temperature
transient ir provided in Figure 1 and corresponding wall temperature pro-
files for various times are provided in Figure 2. As time increases the
temperature profile flattens because more of the wall thickness is cooled

below the .nitial system temperature.

The result of the through-wall temperature dif erence is that a tensile
stress is placed on the vessel wall acting to pull open any prc-cxistihg
small flaws in welds or base material. Figure 3 is a representation of a
flaw at the vessel inner surface and how temperature induced stresses act
to extend the flaw into the wall. In addition, when the temperature of
the vessel wall decreases, its abilit;y to recist flaw growth also

decreases (decreasing fracture toughness). If these conditions occur to a

severe enough extent, the pre-existing small flaw may propagate into a

larger crack.



In addition to the temperature induced str.sses the RCS pressure could act

to assist the growth of a flaw. A thermal shock occurring with pressure
in the RCS is called pressurized thermal shock (PTS). Figure 3 shows how
pressure acts on a flaw and Figure 1 presents an example pressure tran-

sient for a typical PTS event,.
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A representation of the combined stress from temperature (thermal stress)
and pressure (membrane stress) for the example transient in Fig:re 1 is
shown in Figure 4 where stress profiles at various times into the tran-
sient are shown at different wall thickness locations. In some cases a
thermal stress alone can be sufficient to propagate a flaw while i1 other

cases significant membrane stress in addition to thermal stress will be

required to initiate flaw growth.

In general, whether a small pre-existing flaw will grow is dependent on
the rate and amount of RCS cooldown, the RCS pressure, the material pro-
perties of the metal and the location, size and geometry of the flaw. In
deriving the Integrity Status Tree operational limit each factor has been
considered; the assumptions used in development of this limit will be

discussed in the following section.

The intent of the Integrity Critical Safety Function RED limit is to
define parameters (symptoms) that indicate a challenge is occurring to the
Integrity Critical Safety Function, and that immediate operator action is
required to address this challenge. Using fracture mechanics analysis
techniques and an assumed fluid temperature transient, the minimum
pressure at a given temperature required to iritiate a flaw, called the

allowable pressure, can be calculated and used as a basis for the defini-~-

tion of the RED limit. The other Integrity priority levels (ORANGE,

YELLOW, GREEN) will be based in turn on the definition of the RED limit.

A typical ALLOWABLE PRESSURE curve is provided as Figure 6.
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‘ SELECTION OF RED CONDITION ACTION LEVEL LIMITS

{ The plant process parameters to be used in monitoring the Integrity
Critical Safety Function are RCS pressure an RCS cold leg temperature.
RCS pressure is an indication of the pressure in the vessel downcomer
region and cold leg temperature is the best available indication of down-

comer fluid temperacure. .

In order to be cumpatible with the intent of Critical Safety Function
Status Tree monitoring the integrity action levels are required to be time
independent. Since the severity of a thermal shock is dependent on the
rate of RCS cooldown a method is needed to conservatively eliminate rate
effects from the symptoms. This is done in calculating the RED limit by
assunuing a step decrease (or infinite rate drop) in fluid temperature in

{ order to bound all possible cooldown rates.

The method used to define the RED.linit is to use in an allovable pressure
calculation a step temperature transient assumed to start at a downcomer
wall and fluid temperature of 550°F, with fluid temperature theu dropping
to a lower specified constant temperature. Figure 5 provides a represen-
tation of some example temperature transients. Figure 6 presents an
example allowable pressure calculation result. For each final tenpcfature
assumed, a different allowable pressure curve is generated. A series of
minimum allowable pressures each corresponding to a given final tem-
perature assumption is then used to generate a curve which is called the

“Step Cooldown Crack Initiation Limit" as shown on Figure 7.

Also includ . on Figure 7 is a curve called the "Isothermal Wall Crack

Initiation Limit"” which is an allowable pressure curve assuming a constant

steady-state through-wall temperature, rather than the very extreme

R e R SR
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situation resulting from the step temperature decrease transient which
places the maximum thermally-induced tensile stress on the vessel inner

wall.

For the steady state through-wall temperature case, temperature stress is
nearly zero, but material fracture toughness, or its resistance to flaw
growth, at low temperature is .ow enough so that excessive pressure alone
is calculated to cause flaw initiation. For thick-walled vessels it has
been found that this curve is more limiting at high pressure than the

“"Step Cooldown Crack Initiation Limit." Therefore, the RED Integrity
limit has been defined as the lower bound of the "Step Cooldown Crack

Initiation Limit" and the "Isothermal Wall Crack Initiation Limit."

The RED pressure-temperature limit line is then conservatively defined as
the boundary of a region below which a flaw may initiate and is indepen-~
dent of the time history of the transient. If conditions remain to the

right of the RED limit, no initiation of a flaw will occur. 1f conditions

are to the left of this limit the potential for flaw initiation exists and

appropriate operator action should be taken to reduce the probability that

an existing flaw will propagate through the vessel wall.

The region to the right of the intersection of the "lsothermal Wall Crack
Initiation Limit" and the RCS safety valve pressure setpoint plus J per-

cent accumulation (2560 psig) is a full repressurization area. In this
area a flaw will not initiate at any pressure up to the safety valve set-
point and complete operating flexibility with respect to pressure can be
alloved. In permitting this flexibility it is assumed that at least one
of the installed code safety valves will operate correctly to limit RCS

pressure, if necessary.



The region to the right of the RED limit line and to the left of the "Full
Repressurization Limit" line (Figure 7) is an area where a flaw will be

calculated to initiate if pressure increases above the RED limit line even

at a constaat wall temperature. Since pressure can rise in some cases

rather quickly, increased operator awareness is warranted in this region.
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RTyDT CATEGORIES FOR OPERATIONAL LIMITS

The material properties of a given reactor vessel determine the fracture
toughness or resistance to flaw initiation of the vessel. The important
characteristics of the -.syrtal are the initial vessel metal and weld com-
position and the neutron irradiation damage sustained during the life of
the vessel. A measure of the fracture toughness of a given material in a
specific vessel is its RTypr (Reference Tramsition Nil-Ductility
Temperature) value. The higher the RTNDT temperature, the lower the frac-
ture toughness of the material and the nnrciaulccptablc it is to flaw ini-

tiation. This parameter, RTNDT, has been generally accepted as the most
useful figure-of-merit for evaluating the susceptibility of a reactor

pressure vessel to a PTS comdition.

The material properties to be assumed are dependent on the plant reactor
vessel. Three categories of :cnctér vegsel material have been used to
generate geuneric curves which can be conservatively applied to any
Westinghouse nuclear plant vessel. The cacegories are defined by

RTNpT levels for the limiting vessel material as follows:

CATEGORY 1 RTypr < 200°F (Seabrook)
CATEGORY II 200°F < RTypt < 250°F
CATEGORY III 250°F < RTypr < 300°F

The limiting location in the vessel for evaluating severe cooldown effects
is generally the downcomer core midplane (beltline) region (Figure 8),
This is true becsuse at one or more points around the vessel circum-

ference, at its inner wall, the fluence level (integrated neutron flux due
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to core leakage) is the highest of any RCS material. The peak axial flux
generally occurs in the core midplane region, and the maximum embrittle~
ment of vessel materials from neutron bombardment therefore occurs on the
contiguous vessel beltline. In most vessels, the beltline region also
containe either cictcumietential oi lougitudicel welds hat ars the criti-
cal locations for assuring the integrity of the vessel. In applying the
RED limit for any particular vessel the limiting location is taken to be
the location in the vessel beltline with the highest RTypr. This can be

weld material or base metal..

FLAW SIZE AND GEOMETRY

In calculating the RED limit curve all flaw sizes up to an including 0.25
times the vessel wall thickness (L/4 T) have been evaluated. This means
that all potential pre-existing flaws in size equal to or less thanm L/4 T
have been covered by the RED limit gemerated. Flaws larger than 1/4 T are

not expected to exist due to the quality of vessel fabrication and the

reliability of in-service inspection techniques.

The gecmetry of the pre-existing flaw assumed is finite and the analysis
technique is consistent with the methods used in standard fracture mecha-

uics calculations. \

SELECTION OF ORANGE CONDITION ACTION LEVEL LIMITS

The intent of the ORANGE condition limit of the Integrity Status Tree is
to provide a warning area for the operator of an imminent RED condition.
In the ORANGE region a flaw is not calculated to initiate, but relatively
small and possibly rapid changes in pressure or temperature will result in

entry to the RED region where a flaw is calculated to initiate.



For Category I plants the ORANGE limit is defined as the region between
the RED region boundary and the "Full Repressurization Limit" line

(Figure 7).
LIMITS OF APPLICABILITY

This Function Restoration Procedure is intended to t‘spond to a thermal
shock or pressurized thermal shock event. 1If a normal cooldown is
occurring and the cooldown rate limit on the Status Tree is not exceeded,
but a subsequent RCS pressurization in violation of the Tech Spec pressure
- temperature limits occurs, then it is possible to have an immediate
ORANGE or RED indication without an excessive thermal condition. This
case is not specifically covered by the procedure, but the actions
instructed do address any potential cold overpressure concern by requiring
an RCS depressurization. However, the degree of depressurization neces~-
sary would be only that needed to return the RCS pressure to within the

Tech Spec limits. Also, no soak is required and subsequent RCS cooldown

should be within Tech Spec cooldown limits.

Seabrook design includes a Low Temperature Overpressurization Protection
(LTOP) system that automatically opens pressurizer PORVs to limit RCS
pressure for a given RCS temperature. The programmed LTOP pressure-
temperature setpoint maintains RCS pressure within Appendix G (Tech Spec)
cooldown limits. The operator should ;xpcc: LTOP to open the pressurizer
PORVs automatically if a large cooldown occurs without a significant
decrease in RCS pressure. In addition, a sudden RCS pressure increase

without a thermal shock will also result in LTOP operation. See Figure 9.



SEABROOK LTOP SETPOINT PROGRAM
FIGURE OP 9 (TC Rev 0 3/84)
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SEABROOK STATION - OPERATIONAL LIMITS CURVE
FIGURE OP 11(TC Rev 0 3/84)
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SEABROOK STATION-OPERATIONAL LIMITS CURVE

WITH SUPERIMPOSED LTOP PROGRAM
FIGURE OP 12 (TC Rev 0 3/84)
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INTEGRITY CRITICAL SAFETY FUNCTION
POST - RECOVERY OPERATING RESTRICTIONS

FIGURE OP 14 (TC Rev 0 3/84)
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FREQUENT QUESTIONS

The following questions have been commonly asked about procedure FR-P.1,

RESPONSE TO IMMINENT PRESSURIZER THERMAL SHOCK CONDITION:

Q.

A.

Q.

A

Why are the criteria for SI termination reduced?

For the conditions existing when this procedure is entered, there is a
high likelihood that SI flow was, at least partly, responsible for the
RCS cooldown. It also would act to prevent RCS depressurization,

which is a desirable action to reduce pressure stress on the vessel,
The criteria assure that adequate core cooling and inventory exist at

the present time, and will not be lost in the short term.

What if the depressurization is prematurely stopped because of high

PRZR level?

Following normal rules of usage, the operator would proceed in the

procedure, establish normal leZdown, reduce PRZR level, and then check

if minimum subcooling had been established. If not, he would return
and depressurize further, since PRZR level had been reduced. This

process might be repeated.



OPERATOR RESPONSE TO ANTICIPATED PTS CONDITIONS

The Function Restoration Procedure FR-P.2, RESPONSE TO ANTICIPATED PRES-
SURIZED THERMAL SHOCK CONDITION," provides guidance in the event of an
unexpectedly severe RCS cooldown following a reactor trip or safety injec-
tion actuation (indicated by the YELLOW terminus of the Integrity Status
Tree). The operator is provided with instructions to attempt to prevent
further cooldown and with guidance on subsequent cooldown restrictiouns

required to safely achieve cold shutdown conditionms.

This FRP is entered from the YELLOW branch of the Integrity Status Tree.
The YELLOW branch conditions are defined by a pressure-temperature region

as represented in Figure ll. The lower temperature boundary is defined as
the upper temperature limit of the ORANGE region (temperature Ty), The

upper temperature boundary is defined to be 30°F higher than the lower

temperature boundary (temperature Ty),

The minimum size of the YELLOW region temperature difference (30°F) has
been chosen to allow time for operator action to prevent entering the

ORANGE region. As long as the T} Limit line is not crossed, the plant can
be safely cooled down at up to the Tech Spec maximum rate of L00°F/hr with

no SOAK., However, lower cooldown rates are d+sirable.



MAJOR ACTION CATEGORIES IN FR.P-2

* Cold Leg Temperature has NOT exceeded RED or ORANGE LIMITS but has

exceeded YELLOW LIMIT ( < 280°F)

¢ Attempt To Stabilize Temperature

¢ Continue Only If ECCS Can Be Terminated

e Maintain RCS Pressure Within Pressure-Temperature Limits Of Tech

Specs (LTOP)

¢ Cooldown At Less Than LO0°F/Hr With Maximum of 275°F Subcooling



FREQUENT QUESTIONS

The following questiuns have 'een commonly asked abdout procedure FR-P.2,

RESPONSE TO ANTICIPATED PRESSURIZED THERMAL SHOCK CONDITION:
Q. Why can't SI be reduced in this procedure?

A. Because FR-P.2 is ooly reached on YELLOW paths, entry into the proce-
dure is, by rules of usage, at operator discretion. This means that
S1 reduction, if it were placed in the procedure, could not be counted
on by the ORPs to be implemented. It is simpler to allow SI reduction
to be performed as part of the normal recovery sequence in the ORPs,

and then to perform the subsequent pressure reduction, if needed, in

this procedure.



Background Information

for

1YDROGEN VENTING FROM THE RCS



INTRODUCTION

FR-1.3, RESPONSE TO VOIDS IN THE REACTOR VESSEL, is used when a gas void
is detected in the reactor vessel, and when the operator determines that
it should be removed. Any number of transients can result in a void,
whenever saturation conditions exist in the vessel head, or gas is

injected into or generated in the RCS. Ramoval of a void in the reactor

veassel should not be attempted until a stable, subcooled RCS exists.

Entry to this function restoration procedure would usually occur through
the critical safety function monitoring status trees, specifically from
the Reactor Coolant Inventory ttee whose branches show pressurizer level

at or above normal, and a less than full reactor vessel.

In addition to reactor vessel level, other indirect indications of a void

in the RCS (not necessarily in the reactor vessel head) are listed.

¢ Variations from the normal pressurizer pressure and level response due
to normal charging and spraying operations may be observed if a gaseous
void exists in the RCS. The pressurizer level may decrease during a
RCS pressurization fro. chargiag due to gaseous void contraction and
level may rise rapidly during a spraying operation due to a gaseous

void expansion.

¢ Gases in the reactor coolant system may result from several types of

plant events., An accumulator tank discharge or a core uncovery may
result in nou-coudensible gase:; (e.g. nitrogen and hydrogen) being

trapped in the RCS,
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3 e A rapid RCS cooldown may result in the vessel head temperature being

{ greater c‘han the primary saturation temperature and result in a steam

bubble being developed.

The operator should suspect the presence of gases in the RCS if any of the

above events occur.

-

The configuration of the head vent system includes a single comnection to
the vessel head with series isolation valves in a common line., The common
line includes a 3/8" orifice which limits the flowrate to within the

makeup capability of the chemical and volume control system, The line is
routed to the PRT.

RECOVERY DESCRIPTION

This function restoration procedure describes steps to remove the void.

An initial attempt is made to condense the void. This attempt will ulti-

mately succeed if the void is steam. If the void is gaseous, a head vent
operation must be performed to remove the void. A general description of

the procedure is presented below,

L) The initial step is to record the RCS pressure wvhen this procedure was

entered, for future reference.

2) After verifying the SI is not operating, the operator confirms that

stable RCS conditions exist.

3) The next set of steps provide guidance to condense a potential steam
void. This is done by increasing pressurizer pressure. If this

operation is successful, the procedure is complete, and the operator



4)

3)

6)

7)

8)

returas to the procedures in effect. If a void remains, 't must be

assumed to be 4 non-condensible gas, and head vent must be initiated.

Priot to initiating a head vent, certain conditions must be
established to minimize system perturbations when the vent path is
opened with a t-’ultin; RCS depressurizatiou. The letdown path is
t;olatod to.-1n1l1:. inventory loss. Pressurizer water level i{s main-
tained above the heaters, an. pressure is adjusted to be at or above
the initial RCS pressure. The pressurizer low pressure SI sigrnal is

blocked.

RCS subcooling is then checked. Since venting will reduce subcooling,

50°F margin should be achieved prior to operating the vent.

The final preparations bef re venting are then made. Tue containment

isolation and ventilatiou systems are started. The maximuan allowable

vent time to gt.cludo an unacccgtablc hxdro‘on accumulation is deter-

mined, and the other vent termination criteria are reviewed.

One “vent path is orened, then closed when the reactor vessel is full
or indicated level is stable, or when one of the other vent ter-

mination criteria is met.

If the venting was successful, this procedure is exited, after
insuring stable pressurizer level. If it was not successful, the vent

process is repeated.



DETERMINATION OF VENTING TIME

The amount of hydrogen released by the head vent is limited such that the
bulk containmert atmospheric concentration does not exceed 3% hydrogen by
volume. Therefore, the concentration must be below 3% before any venting
can commence. The lower the initial hydrogen concentration is, the longer
the head vent operation can continue, After determining the containment
hydrogen councentration, the operator must calculate the maximum allowed
veuting time. The formula and curve needed for this are contained in the
procedure. The 3% limit provides assurance of a reasonable margin to a

potentially explosive hydrogen councentr:tion inside the containment.

The venting time calculation is presently the only "SIT DOWN AND

CALCULATE" value in the ERPs, thus it deserves some attention.



l.

2.

3.

INSTRUCTIONS FOR DETERMINING VENTING TIME

Detirmine Containment Volume at STP = A

A= (2,704 x 106 pr3) x

(Containment Pressure) _ 492°F

14.7 psia x (Containment temperature)

Determine Maximum Hydrogen volume that can be vented = B

(3.0 -~ Containment Hydrogen Concentration) x A

i

Determine Hydrogen flow rate as a function of RCS pressure = C

a. Check RCS prassure

b. Using Figure FR-1.3-1 read

Calculate maximum venting time

Maximum venting time =

c

1;4drogen flow rate

minutes




HYDROGEN FLOW
RATE VS. RCS
PRESSURE

FIGURE FR-1.3-1(TC Rev 0 3/84)

FIGURE FR-1.3-1
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VENTING TERMINATION CRITERIA

e Reactor Vessel Full (RVLIS > 90%)

¢ Containment Hydrogen Concentration Exceeds 3 v/o
e Loss of Subcooling < 30°F

e Pressurizer Level Low ( < 20%)

e RCS Pressure Decrease > 200 PSI
® Venting Time Greater Than Calculated

e PRT Rupture Disc Burst

Vent again if necessary if non-condensible void still exists.






Background Information

for

LOSS OF EMERGENCY COOLANT RECIRCULATION



LINTRODUCT ION

The "Loss of Emergency Coolant Racirculation (ECR) procedure,” ECAl.l has
been developed as an Emergency Contingency Action (ECA), and it provides
procedural guidance when emergency coolant recirculatiom capability is
lost. Loss of emergency recirculation capability is defined as the loss
of the ability to provide the recirculation {unction following a LOCA:
i.e., the losc f the ability to inject fluid from the sump to the RCS

using an RHR pump.
DESCRIPTION

The object‘ve of the loss of ECR procedure is threefold: (1) to continue
attempts to restore emergency coolant recirculation capability, (2) to
delay depletion cf the RWST by adding makeup fluid and reducing outflow,

and (3, to depressurize the RCS to minimize break flow.

The following are symptoms or indications of loss of ECR capability:
® Loss of BOTH Sump Isolation Valves
e Loss of BOTH RHR pumps
¢ Ipadequate Containment Building Level due to a LOCA Outside
Containment

Loss of ECR is potentially severe and could ultimately result in a

Class IX event.

To min'‘mize the possibility of getting into this situatiomn, the ERPs con-
tain check steps in procedutrés that are implemented prior to the need to
establish ECR, This is done to give operators time to rectify the

situation shoulC equipment be unpowered or if incorrect valve lineups

exist.



MAJOR ACTION CATEGORIES IN ECA-1.1l

Continue Efforts To Restore ECR
Makeup To RWST From RMUS And Spent Fuel Pool
Reduce ECCS To One Train To Minimize RWST Drawdown

Operate Containment Spray Pumps Only As Necessary To Keep Containment

Pressure Within Safe Limits

Add Makeup To RCS From Other Sources (Charging from CVCT with RMUS)

Depressurize SGs And Thus RCS To Inject Accumulators And Minimize Break

Flow

Reduce RCS Makeup To Ouly That Necessary To Match Decay Heat
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