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Abstract

The Abnormal Transien

*

Operating Guideline (ATOG) program was initiated by
the B&W Owners Group in the fall of 1979 to evaluate plant response to _ertain

transients and develop plant specific eme Cy procedures for the operator.
afe

The products of the program include S

Trees (ET's)

rgen
ty Sequence Diagrams (SSD's), Event
, System Auxiliary Diagrams (SAD's), Engineering Analysis, Emergency

Guidelines and the basis for those guidel

—

nes. The diagrams (SSD's, ET's and

wH

AD's) served as a basis for “ully understanding plant response to the
transients selected coupled with subsegrent component failures. Engineering
analysis provided the time element zssociated with ooerator action and brackets
for expected parameter response.

4

.ertain limitations had been placed on the events analyzed and depth of

analysis basad on probability of occurrence, consequence and realistic benefits.
These limitations were identified .o both the participating utilities and the
NRC prior to program initiation in 1979.

The Operating Guidelines produced in the ATOG nrogram reflect a sympton
or iented approach to casuaity control and provide continuity between traditional
event oriented procedures. he guideline directs the operator's attention to
three basic plant symptoms which reflect the thermaldynamic status of the
system. Part [] of the guideline provides the angineering basis from which the

actions directed in Part [ are derived. [t is intended as a training manual

wnich #1101 enhance the operator's understanding of plant behavior and casualty

~ontrol
The quidelines are further supported by a pressure-temperature video
splay which was developed in the ATOG program This display c..ovides a3

selective grouping of critical plant parameters which the operator needs during

transient conditions The disolay coupled with the symptom oriented guidelines
provide strong Lupport to the operator in his effort to insure plant safety.
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Abnormal Transient Operating Guidelines (ATOG)

Program Description

Introduction

The Abnormal Transient Operating Guideline (ATOG) Program was under-
taken in the fall of 1979 by the B&W Owners Group to evaluate, on a
realistic basis, plant response to certain initiating events and to

develop new emergency gquidelines based on this evaluation. The scope cof
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omplet2 program included development of the following plant specific
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A. Safety Sequence Diagrams (SSD's)
These diagrams were prepared for 2.ch event evaluated and were
designed as building blocks for subsequent event tree development.
The SSD's organize and present raw plant data in terms of systems and
components. They identify all systems involived in achieving a safety
function.
8. Event Trees
These diagrams wer. developed on a plant specific basis for the
events anulyzed. They systematically identify various plant
conditions which can evolve following a postulated initiating event.
They identify consequences of multiple failures and final plant
status for multiple combinations of failures.
C. System Auxiliary Diagrams (SAD's)

The diagrams provide input information for determining
corrective actions in the operating guidelines. They show supporting
systems essential to the operation of the system having a direct

input to plant response. They identify instrumentation rcauired to

serify proper operation of the supporting systems,
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Assumpticns Used: This section discusses the difference between
the planned assumptions used in developing the Event Tree and the
actual ZJisposition of these assumptions after the eveni trees and
quidelines were completed.
a. Initial:
The basic aoproach taken for develcping event trees is to
combine an initiating event with consequential failures which
can stem from the event itself or from operator actions. A
consequential failure is defined here as a failure of any
active fluid system component that is challenged by the
initiating event or by operator action. For example, on a
0ss of feedwater. the increasing steam pressure will
initiate turbine bypass valve action. Because the turbine
bypass valves were required to open during this transient

(challenged to do something), the event tree will consider

the possibility that they work properly or fail. Equipment
not challenged by the event (e.g., reactor building coolers)
W not appear on the tree.

Actual: No Change.

Plant operation prior to the abnormal! trinsient was in

o
-
©

power range 15% to 100% power.

15% to 100% #WR plus anytime the Rx is critical.

y, the thermodynamic principles apply anytime the
is full and pressurized. The guidelines may have to be
expanded to cover some things such as ESFAS in low pressure

bvpass before they would apply to pre-event initial

b . .
conditions a the way to cold shutdown. They now cover
post-reactor trip all the way to cold shutdown.
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No change. However, this is not important if the plant is

initially at power and within tech spec limits. The initial
equipment that is not in service will not affect the
structure of the gquideline )r he operator's response
3 Initial
Failure to trip (ATWS) will not be cons
Aé
Actual
' ATWS is considered to the following extent: the operator is
instructed to manually trip the Rx, 0ds
are on the and that neutron ¢ [f
not, he 1s instructed to start emergency boration
e. Initial
Instrumentation readouts whi provide the cperator with
information upon which he bases nis actions will be assumed
to read correctly. Instrumentation readouts which deqrade
ind become Diased because of adverse containment environments
Wi factored into the analysis and guidelines
Actua
. reliability of inputs to ATOG display cannot be
veremphasized Additionally, the ATOG display contains a
margin saturation line wh 3l Tows for expected
":‘,f ment errors inger x“’.;r‘r),: “,r“:“*"v‘s
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(3) The operator error to be assumed will not be random. He
will focus on the component to be manipuiated and not on
some other component that 1s unrelated. The event trees

1\
1)

will show two error situations: The operator fails to
take action entirely (no action regardless of the time):
or 2) An incorrect manipulation that results in the worst
condition, The analysis will be based on a selection of
one of the two circumstances.

(4) For evaluation purposes, the operator will not be assumed

1

to correct errors, even though information w'1l be
available.
Actual:
No Change.
]

Selection Criteria for Initiating Events*

a. Event occurs with some frequency and the operator action is

4

xpected (excessive feedwater, loss of off site power. loss

of main feedwater).

(4

The 2vent, while possible, is rarely seen, is confusing to

the operator and he is not sure how to recognize/mitigate

v

1

(steam generator tube rupture, small break LOCA)

c. The events cover 80%-90% of everything that can happen to the

RCS (overcooling, undercooling, loss of inventory).

Qa

The operator has time to recognize and do something about the

event, therfore, it makes sense to write guidelines (this

excludes major steam line breaks, major LOCA's. rod ejections

as initiating events to be studied. Many FSAR events are

lesign considerations, not operator action studies).

Included as initiating events were loss of main feedwater, loss of

offsite power, excessive main feedwater, small s*eam line break.

ind steam generator tube rupture,.
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Methodology for Construction of Event Trees

Event tree construction began by defining the main success
path. This is the plant normal response to the initiating event
with no subsequent faiiures. The path included all the steps
required to achieve the basic safety functions (reactivity
control, primary inventory control, etc.) and bring the plant to
steady state conditions. The equipment available to perform any
one safety function (and alternates based on failure of that
equipment) was defined on safety sequence diagrams (SSD's). An
SSD was developed (and reviewed by the the Utilities) for every
initiating event used for event tree construction. The SSD's
essent - ally provided the building blocks for the event trees.
A1l of these safety functions must be satisfied or steady state
1s not attained. The blocks on the main hranch were not intended
to be time sequenced, however, they should fol’ in a logical
order. For example, the correct operator response for high
pressure injection (HPI) control (turn it off or let it run)
depends, somewhat, on the ability of the plant to control

\

EFW). Therefore, HPI was normally

'
\

emergency feedwater

considered after EFW on the event trees.

ffter completing the main success path, failure paths were
jeveloped from the top of the tree downward (see assumptions used
for types of failures considered). In general, the failure paths
illustrated automatic system response based on plant design. The
orerator was added to the tree only when specifically required to
do something by an existing procedure (2.g.., open the PORV and

1

star® HPI on a complete loss of feedwater). Otherwise., the event

D

tree (roceeded as if the operator did nothing. (The guidelines

identif ' operator action
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- Containmen* Cooling Systems (failure to depressurize)

- BLDG Spray

DG Coolers

- Containment Isolation (failure

to 1soiate

- Boron Addition (inability to add boron)

Components for R. C. Pressire

- Pressurizer Heaters
- Pressurizer Spray
Analysis
1 he critical

jeveloping a thorough understand
iuring many varied abnormal tran
took several different forms.
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a. Existing plant casualty proc
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2. The basic transient ccde used for the computer simulation portion
of the ATOG program was TRAP 2. The version used for the
Arkansas Nuclear One guidelines had an equilibrium pressurizer
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model. Therefore, on transients with insurges into the

pressurizer, ihese insurge rates were used as input into the

1

r T ‘ 1
DYSID code (a non-equilibrium pressurizer mode and the reactor

m
o

coolant system pressure response was obtained. The combination

of these two codes was used as input in developing Part Il of the
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.0de was used to

¢

3 The origir ntent was to analyze the main success path. and
each single failure path off the main success path for each event
tree prepared for the lead plant (ANO-1 This lead to

51S. However. after conducting
some analysis, it was determined that several of paths among the
various event trees would yield repetitive results After
further examination, total number of analyzed paths was reduced.
Justification for not conducting computer analysis for additional
failure paths was provided
Additionally, each event tree path that ended in a LOCA was
"", “‘NP“‘"“ erar .,h“t ', ~?1() ]0) Ar' ’:'j -‘.l ’K -’, ng 5‘:‘ l
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5. Analysis of follow-on plants (after Arkansas Nuclear One) was
used to provide justification that their plant response closely
resembled that of the lead plant such that the AP&L gquideline
analysis could be considered generic (i.e. benchmark that plant
against AP&L). .\~ e th: event trees showed equipment
differences that were severe enough such that similarities were

In doubt, that event tree branch received computer analysis.

Simulator

The B&W simulator was utilized to:

l. Test varicus guideline ideas during the developmental phase.
2 1low operators (under observation of professional procedure
writers) to test various guideline formats and provide input on
quideline developnent.

3. Test and develop the ATOG display.

4. Test the final guidelines by inputing nultiple failure event tree

paths and using the guidelines to recover the plant.

Transient Information Document (TID)
After the engineer completed his analysis of the expected plant
response for a particular initiating event and subsequent failures he

documented the rasults in a transient information document (TID)

V)]

1

These documents, (1) tie the analyses phase to Part II of the

quicelines, (2) tie the follow-on plant analysis back to the ANO work

and (3) provide a traceable list of references uack to the ATOG input

material. A TID is produced for every initiating event for each

follow-on plant. The type of information contained in the TID is:
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Predicted Plant Performance

This section is the most important part of the TID. It
discusses how a plant will respond to a given event compared to
the lead plant. To make this comparison, the analyst utilized
four sources of information:

- TRAP2 analysis for ANO
- TRAP2 analysis made for follow-on plant
- Plant data documented in the TID, and

- Plant comparisons as documented in the TID

/1

The TID documents that (1) the lead plant analytical work
applies to the plant of interest directly, or (2) identifies the
expected plant responuve, if it is different.

Each of the appendices to ATOG, Part II discusses a
particular tran ient. This discussion includes a descr 'otion of
the general transiert (i.e., the event tree's main success path)
and the transient in conjunction with loss of one of the control
functions.

In order that the output from the TID's properly support the
Part I[ quideline, each TID provides:

- A description of how each section of the AP&L Appendix must be
changed to make it valid tor the plant unde~ consideration

and reasons for the changes:

- Additional information which the analist feels should be
included in the Appendix: and
A plant specific plot for each figure in the Appendix (if

different from AP&L)

Additional Pertinent Information

This section includes additional information which the

analyst feels is important to the transient evaluated.

N

or

example, the analyst studying Loss of Offsite Power may want to

1

J1sCuss components loaded onto the diesel generators.

References

This section includes a list of all references used in the
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Event vs. Symptom Oriented Procedures
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[f more than one erent contributes to th ransient. the operator
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prciedures was investigated S ) are based

heat transfer from the core , 001! and from the coola
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0 Cooldown fo!lowing ICC

-

Followup actions for ICC

i
2. The immediate actions are common to every reactor trip and must be

performed regardless of the cause. The vital system status 9

-

verification is a short checklist used to determine a baseline for
possible operator actions. This checklist considers instrumentation

power supplies, ESFAS status, stear line break protection system

status, etc. ne operator then monitors basic plant parameters for i

f everything is normal,

the pilant has responded as designed and come to a steady post-trip e
condition. No further action is required. However. if the operator
] r 1 ] - : 5 = . s
l1agnoses an imbalance in one of the basic symptoms. he is directed
to the appropriate section for follow-up actions. These sections "
treat the symptoms and do not require the operator to determine the A
-~ Y 1 - ~ 5 v o - = P ~ ‘=
ause. It 1s expected, however, that as he treats the syvmptoms he ,
1£3
L,
will find the original probiem
L Treating the s Dtoms i1l alle t lant ¢t h h - t t ) )
3 ating t symptoms w 11 low the plant to be brought to a stable
condition. This could very well be "off nurmal” from what the
- » - (r-‘
perator normally sees \ccordingly, various cooldown procedures are i

overy from th
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The ATOG guidelines are the most comprehensive emergency guidelines

+
14
o
-
(-
w
ad
|
k-i
(®
5
(1+]
w
3
|

[
Q.
<

v
< |
m
14
»<
»
.
3
Qo

cc + " + - Qe ] b g ~ + . - - - '
1ssued to the B&W plants ney are thorough 1n their coverage of the
e o~ e A A and Avs e 3 f£ip -+ :

events Cux gered an provide sign cant understanding of plant

b . 1 smd - in T - e 1 -~ 3 1a - i n 1 - P~

Lransient denhavior. ney snouid be 'mpiemented into pl!ant operation on a
b

Frioa hasis aind o‘rfﬂer ro+ ned ’_""‘A’*" operating experience
’ .




