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Abnormal transient operating procedures for
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symptoms and immediate actions, If a loss of
teedwater occurs }:t‘ 1S 2XPed ted Lo recognize 1t
pertorn t he ippropriate immediate actions and
then use the event-oriented loss-of-feedwater
procedure for determining follow-up actions. This

approach has several inherent drawbacks

At time zero, the operator must correctly
agnose the initiating event. He does this
mentally, based on training or prior experience

g several actions, depending on this

jation, he then refers to the event

"""!"11;”"l'\“:f" Y".i'

ts his diagnosis. If he
were to treat a small steam line break inside the
reactor building, but actually had a small loss of
coolant accident (LLOCA) inside the building, he
would be tracking through the wrong procedure
He would eventually recegnize this
misinterpretation; however, by then he would be
well into the transient and possibly confused
".‘lvqml(;rc S must be written to cover every
conceivable initiating event. If the operator
correctly diagnoses a loss of nennuclear
nstrumentation power and no procedure covers
that event, his actions will be based only on
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Hf more 7?1.”\ one event A'lV”!'”l][("\ to !h.

ransient, the operator will find himse!f working

WO Oor more procecures at the same tune. For

.
instance, if a main steam safety valve failed to
reseat following the loss of main feedwater. the

perator would have to use the loss of feedwater
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He can best protect the health and safety of the
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ATOG display

'he information required to identify and track

these symptoms is already available in power plant
control rooms. It simply consists of reactor coolant

system hot and cold leg temperatures, reactor
coolant system pressure, steam generator pressure
ind access to steam tables. The problem is how

these variables can be best displayed to give the

operator a simple and logical method of monitoring
tk symptoms of interest. The solution developed in
the ATOG is shown in Figure 1, which is basically
a pressure-temperature (P-T) display with a
saturation curve included. The area above and to
the left of this curve is the subcooled region. The
area below and to the right is the superheated
region. Reactor coolant system hot leg temperature

(Thet) and coid leg temperature (T.,4) are input to
this display and plotted as ‘unctions of reactor

coolant system pressure. sweam generator pressure

Figure 1

is also input. The saturation temperature for this
nput pressure is displayed as a vertical line. The
subcooled margin line accounts for potential
nstrumentation inaccuracies with the objective of
1ssuring subcooling above that line

A typical plant response to a reactor trip is

shown in Figure 2. For simplicity, only reactor

60 650

itlet temperature, F

Figure 2 Ty;

coolant hot leg temperature is plotted. With the
reactor coolant pumps running (forced circulation)
and the comparatively small amount of energy
being added to the coolant by decay heat, the cold
leg temperature is also expected to settle out close




to this hot leg temperature. Additionally, becauss
the AT across the steam generator tubes is small
both of these termperatures should approach the
saturation tempuiature of the secondary side of the
steam generator (SG T,,). The Figure also show
steam pressure moving from its pretrip value up t«
the steam safety valve setpoint and back to its

{

Figure 3A

Figure 38

{, and SG 1
the plant is

posttrip value. As long as Ty, 1
remain within a "“posttrip window
responding normally
With this type of display, the symptoms of
interest are highlighted and brought into focus for

the operator. Consider the example in Figure 3

Combinations of these symptoms are also easily

Figure 3C

recognized. Consider the example in Figure 4, taken
from the first twenty minutes of the TMI1-2

ansient

As shown by these examples, the sy mptoms of
interest can be combined simply and displayed on a
cathode ray tube. With a relatively few number of
input variables, the operator can monitor the real
time progression of the transient. If one such
display is used for each reactor coolant system loop
(because of possible asymmetric loop conditions)
li)"«ipvl.l?u! has a continuous ('Hmp’r!o record of
the entire event. This record allows initial
diagnosis F)‘r*”l\l' YM‘(H'.M k on corrective actions
and early detection of subsequent malfunctions

Other display arrangements of basically the same
fundamental parameters have been devi loped with
similar effectiveness, still relying on basic pattern:
of parametri change to indicate an overall [ll,ﬁizl

bill of health

ATOG organization

nce the symptoms are identified and a method of

monitoring those symptoms developed, the next

step is to reduce this information into something
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Figure 4B 5 to B minute

he primary ontinues to heat up along the

saturation hine while secondary temperature and
pressure drop At 8 minutes the primary-to
secondary AT 80 degrees Also, auxiliary

feedwater is first directed to ihe steam generators

useful to the operator. The Abnormal Transient
Operating Guidelines consist of two parts. The first
part is procedural guidanrce to be used in the
control room during transients. The second part, a
much larger volume, is a training aid explaining the
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Reactor coolant and s witlet temperature f

0 minutes

Primary-to-secondary heat transfer COUpiing S
now almost completely restored. Ty and 1 y are
approaching their normal posttrip values. However
the inadequate subcooling margin is evident

design bases for, and the use of, the procedures

Figure 5 cutlines the orgaaization of Part 1. The
immediate actions are common to every reactor trip
and must be performed regardless of the cause. The
vital system status verification is a short checklist
used to determine a baseline for possible operator
actions. This checklist considers instrumentation
power supplies, engineered safety features
activation system (ESFAS) status, steam line break
protection system status, etc. Included in this
checklist is a requirement to monitor the ATOG
display. If everything is normal, the plant has
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F igure 5

responded as designed and come to a steady post

trip condition No further action is required
However, if the operator diagnoses an imbalance in
one of the basic symptoms, he is directed to the
appropt

ectior eat the symntoms and do not require the

te section for follow up actions I'hese

operat determine the cause. It is v\;h-«‘h-ti.

however, that as he treats the symptoms he will

riginal problem

ing the symptoms will allow returning the

!

plant to a stable condition Thi le condition

could very well be abnormal « to what the

operator normally sees. Accore irious
cooldown procedures are provided give him
guidance on long-term recovery from these possible
conditions

Figure 6 outlines the organization of Part 11
Intended to give the operator a HHHUH;Y'!

understanding of Part |, it conveys the writer’s

Figure 6

intent as to why various steps are taken in Part |
Jt also describes, using many graphic examples, the
expected plant response information gathered
during the guideline development stage. Part 11 has
been written to aid the operator’s training and is
important to the guidelines because an intelligent
capable operator is a basic part of the plant
operating structure in which the guidelines are built
i.e., the guidelines try

te optimize the operator s

effectiveness instead of minimizing his impact)

Guideiine validation

Once written, the puh'ri'.lx‘ guldelines were tested
on a PWR simulator by imposing multiple
casualties and using the guidelines to recover
Guideline credibility was also established by back
checking the guidelines against event tree paths
and benchmarking event tree paths and computer
simulations against actual plant transients. The
event trees were also reviewed by the utility
operators to take advantage of their plant
experience. The draft guidelines were sent to the
plant site for walk-through drills to test their
applicability. Feedback from the operator to the
plant designer served to greatly reduce
communication errors and increase confidence in the
final guidelines

An important final step in validation involves
implementing the guidelines into the plant
procedures system. This implementation tests the
guidelines scope and appropriateness since they
must be a workable part of the overall plant
procedures system or their worth diminishes
Existing posttrip procedures must be checked

against the guidelines to determine the following

Necessary actions outside the development
program scope but needed for a posttrip
procedure in the same time frame. This assures
that, although everything may not be
considered, the adoption of ATOG does not
11»‘1'!"'.:\! 1IN any area the ‘ult'(]ll.u'_\ of ;)ru('vdnr‘w\
from the previous level. Some actions in the
previous procedures may be found good but not
necessary, and either be deleted or relegated to a
lower level of instruction. The goal is to
maximize simplicity

Actions that should be included in an instruction
for longer term action. Current posttirip
procedures include many necessary follow-up
not appropriate for ATOG, but
‘ncludd 4 somewhere. Three actions,

actions that ar
muss -
identification of these items, determination of
the form in which theyv should be given, and

optimization of the interface between the form in




which they are given and the ATOG, are
necessary to make ATOG a workable part of the
overall plant procedure system. Again, the goal
ie to maximize simplicity

Any posttrip procedures not accommodated by
ATOG, but which must remain intact. One goal
of ATOG is to eliminate these procedures, but
that goal has not yet heen proven consistently
attainabie. Any such procedures identified must
be entered in a manner compatible with ATOG
implementation

Although plant procedure . vary from plant to
plant, preliminary work indicates that portions of
all of the procedures, such as the following, may be

replaced by the ATOG

* Reactor-turbine trip

* Degraded electrical power
Loss of coolant/RC pressure
Steam supply system rupture
1.08s of steam generator feedwater
Steam generator tube rupture

Loss of reactor cooling flow - RCP trip

Summary

By using the Abnormal Transient Operating
Guidelines, the opcrator can enhance plant safety
by monitoring reactor posttrip parameters for only
a small number of symptoms and taking corrective
action as directed by the procedure. The guidelines
allow him to use one simple procedure for all
transients which start with a reactor trip. The
unique featuie of this approach is that it provides a
common starting point, independent of initiating
event, and leads the operator through a step-by-
step procedure to regain stable plant conditions
without having to identify either the cause of the
transient or any additional posttrip malfunctions




