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ABSTtACT

TITLE: "The Development of Symptoms-Oriented Operating Procedures"

AUTHOR: Roy Coiquhoun, P.Eng.

Until recently the formal treatment of control room, procedures

for nuclear power plant upset conditions has been event-oriented.

This orientation was not so much a reflection of power plant

operating practice, rather it was a reflection of design oriented

thinking - design basis events, therefore event-oriented proce-

dures. This singular event orientation is not common to other

professions, notably medical; there the stabilization of vital

functions via a symptoms-oriented approach has priority over

diagnosis and prognosis.

The demise of Three Mile Island, Unit 2, caused the American

Industry to recognize the pitfalls inherent in relying totally on

event-oriented procedures, and led to the initiation of a program

for the development of a symptoms-oriented approach for handling

upset conditions. The U.S. program has been independently

paralleled by a Canadian program. This paper describes the

development of the Canadian symptoms-oriented philosophy and

identifies the relevance of a generic symptoms based emergency

procedure to current operating practices.
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1. IHTftODOCTIOff

Until recently, the formal treatment of control room procedures

for nuclear power plant upset conditions has been event-oriented.

This orientation correlates with the history and development of

nuclear power plant design. Design history and development have

seen the advent of such concepts as the maximum credible acci-

dent, the single failure criterion and the design basis event.

Current design concepts recognize probabilistic criteria. The

development of PRA, probabilistic risk assessment, (REF.l),

followed closely on the heels of the now famous Rector Safety

Study, Wash 1400, (REF. 2), as it is commonly known. These works

are essentially event- and event combination-oriented.

Not unreasonably, the organization and development of nuclear

power plant operating procedures has also followed an event-

orientation. Such orientation implicity requires that the event

be diagnosed by the control room operator - to enable him to

select the appropriate procedure. Clearly, inability to identify

the event or wrong identification of the event will not produce

the appropriate procedure. It can readily be argued that the de-

mise of Three Mile Island Unit 2 resulted from such a state.

The Canadian nuclear program has stressed the importance of

operator training, based on fundamental knowledge. Such knowl-

edge has been the Canadian response to, "What if no written pro-

cedure exists for the prevailing conditions?" The Canadian re-

sponse has been to prepare specific incident procedures as

illustrative of the required operator actions to a diagnosed

event.

It is interesting to note that, what is referred to in Canadian

licensing jargon as, "classical analysis", does not play a domin-

ant role in incident or emergency operating procedures. The so
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called "conservatism" explicity dictated by the licensing domain

distorts reality to the extent of weakening the applicability of

the analysis to the operating domain. This criticism does not

apply to risk assessment analysis - SDM's, (safety design mat-

rices), are a form of risk assessment. Conservatism is clearly

irrelevant to risk assessment which must be as realistic as pos-

sible if valid risk comparisons are to be maintained, (Ref.l).

As a result of this, any properly conducted event-consequence

risk assessment will correlate closely with event-oriented

procedures.

The disadvantages or possible difficulties associated with inabi-

lity of the control room operator to identify (diagnose) the

event and the possibility of wrong identification have already

been mentioned. Other disadvantages of event-oriented procedures

include the proliferation of even more detailed variations of

event or event combination procedures and also the inability to

foresee, let alone produce procedures for, all events or event

combinations.

The events of March 1979 at Three Mile Island led to the conclu-

sion that operating procedures and operator training at that

plant were less than adequate, and also demonstrated the diffi-

culties an opertor faces during an upset, in attempting to digest

the significant information being presented among the flood of

control room alarms and indications generated. A widespread re-

view of Che U.S. nuclear industry showed that the situation was

general. Reference 3 summarizes some of the significant recom-

mendations of the "TMI - Lessons Learned Task Force", (REF.4) as

follows:

"There is a need to provide operator guidance for events

and conditions that previously were not foreseen,

analyzed, or prepared for. Satisfying this need

requires the development of a procedure format that
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transcends the limitations of the event-oriented pro-

cedure concept."

Reference 6, "Control Rooms-Improving Designs in France", states:

"A potentially important modification, which is now be-

ing assessed for possible application in control rooms

is the use of the physical state approach

. On this approach the operator is informed of

all the actions which need to be carried out on the

basis of the plant's physical condition only, regard-

less of the type of accident."

From the foregoing it can be seen that the symptoms-oriented

approach is clearly recognized in the U.S.A. and in Europe, and

that work there has paralleled the development of a symptoms-

oriented procedure concept in Canada.
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2. SYMPTOMS-ORIENTED RESPONSE (SO»)

SOR is based on the premise Chat for complex man-mechanism inter-

actions the mechanism has a limited number of vital functions

which dictate the required response. Stabilization of these

vital functions always has precedence over diagnosing the cause

of the event. Several non nuclear analogies are obvious.

Perhaps the most striking is the medical analogy, where the

stabilisation of breathing and circulation have precedence over

identification of cause. Similarly the vital functions of an

aircraft are elevation control, directional control and naviga-

tion (in order of priority). The ability of the human or a

computer to identify the likely cause of an event does not

detract from the concept of SOR, it merely complements it.

It is not difficult to identify the vital functions associated

with the radiological aspects of a nuclear power plant. Strictly

there is only one - retention and control of radioactive species.

This is often expanded in a simplified manner to:

a) Reactivity
b) Heat Sink
c) Containment

a) is of course strongly correlated with b) in that a shutdown

reactor produces a lower heat rejection requirement than one at

power. In many cases shutdown equates with "more safe" but the

correlation is not universal. Others, (REF.5), identify numerous

vital (or safety) functions but these can be reduced to the above

three.

SOR requires that these vital functions are addressed first and

in a given priority, regardless of the event. There is consider-



Page 8

able debate over the relative priority of addressing heat sink or

containment. The theorist often selects the former as having

priority, the pragmatist the latter.

Priorities and hierarchies are fundamental to a procedural

development of SOR. Several early publications on this topic,

notably Corcoran et al (REF.5), have ignored this, requiring the

operator to identify the "safety functions in jeopardy."

As there are priorities and hierarchies in the vital functions

themselves so there are priorities and hierarchies in the param-

eters which identify the health of the vital functions. Similar-

ly there are hierarchies in the corrective actions to be taken if

the parameter trend is unacceptable. There are also priorities

with respect to the acceptability of a rising or falling param-

eter trend.

The recognition and acceptance of the parameters, the corrective

actions, rising/falling trend priority and their hierarchial

priorities leads very quickly to the recognition that a generic

emergency procedure based wholly on symptoms can be developed.

This development is currently in progress with two Canadian util-

ities and, whilst control room application of such a generic pro-

cedure is not imminent, the concept has been developed to a level

which has confirmed all expectations.

In parallel with the development of a generic emergency proce-

dure, both utilities have formatted their incident or event-

oriented procedures in a manner which is consistent with the

adopted generic hierarchies. Specifically, regardless of the

incident, reactivity is treated before containment which is

addressed before heat sink. In addressing heat sink from an
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initial hot condition, steam generator pressure is addressed be-

fore primary inventory and pressure which have precedence over

steam generator inventory. Such standard formatting, of all

abnormal incident procedures, rationalized on the bases of state,

time constants and pragmatism, gives the operator a uniformity of

understanding in that, regardless of the incident, he has a con-

sistent six step procedure to follow.

These consistently formatted incident procedures have also

included corrective actions to any single, active and non random

failure again by addressing parameter response. The simplicity

with which the "single failure criterion" has been integrated

with these incident procedures attests to the value and appropri-

ateness of the symptoms-oriented approach.
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3. OPERATOft DECISION ALGOftlTM

Generic emergency and incident procedures have been discussed but

these represent a small proportion of the procedures applied by a

control room operator, both in terms of volume of paper and in

terms of frequency of use. Operating manuals, start-up, shutdown

and test procedures contribute a much larger proportion.

Figure 0 identifies the decision logic which will lead an opera-

tor to identify the appropriate course of action - without neces-

sarily first diagnosing the event. The majority of operating

space is covered by the portion to the top right of the figure.

Note that in this portion a "second or third shot" at corrective

action is permitted if the major parameters are "stable".

"Stable" is used in the sense of "trending in an expected manner

towards the desired set point". This "second shot" logic loop is

the only loop in the logigram.

The logigram identifies the decisions to be made when an event

has been diagnosed, when an event has been diagnosed and correc-

tive actions did not produce the required plant response (perhaps

due to wrong diagnosis) and when the control room operator is un-

able to diagnose the event.

The generic symptoms-oriented procedure acts as a safety net and

is not likely to be used frequently.

This paper has not dealt with how to choose the "major para-

meters" identified in Figure 0. It is evident however that they

are state dependent and must take into account the mass, energy

and momentum balances which relate to the plant state and the

vital functions. They include such parameters as pressure,

temperature and inventory (both primary and secondary).
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4. FUTURE DEVELOPMENTS

The principles and concepts inherent in adopting a symptoms

oriented response approach are fundamental and sufficient devel-

opment work has been done to prove them out. Internationally the

concept is recognized and accepted.

The future will see considerable fine tuning of the logic as well

as customizing it to specific stations.

Commissioning can play an important role in the development of

symptoms based operating procedures, as it is at this time that

the system responses and time constants assumed from design

analysis can be verified, and adjustments to the procedures made

as the plant goes into operation. Similarly shortcomings in

plant design can also be highlighted and improvements made before

the plant comes "on line." It is hoped in futurs work, that pro-

cedural development will be coordinated earlier and more closely

with related commissioning activities.

Two further areas of development are indicated: Operator Train-

ing, and Procedural Implementation.

To date, indications are that the development of such consistent

and ordered procedures is important to operator training.

A large area of development work relates to the control room

application of the generic procedure. Current thinking favours

"the use of the operator following instructions without question"

- remember that the generic procedure is only applied when he is

in a mess! This apparently harsh, almost military, approach is

softened by permitting the operator to leave the generic proce-

dure and resort to other more flexible procedures at any time.
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These, "policy and principle", decisions have to be debated,

reviewed and approved prior to implementation of the generic

emergency procedure concept. In addition, the software and hard-

ware aspects of application need to be addressed, including,

where necessary, additional parameter indications. There are

obvious correlations with the Safety Panel approach,(REF.6). At

present micro computers appear to offer very distinct application

advantages with or without hard wired input.

Cleary much is still to be achieved in this field and, also

clearly, the Canadian approach appears to be paralleling those of

the U.S. and Europe, perhaps with a stronger operational input.

20 April 1983

R. Colquhoun
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APPENDIX

Application of SyptoM-Oriented Keaponae to

Incident Procedures

INTRODUCTION

The following six figures illustrate respectively a typical event-oriented

procedure, a simplified generic, symptoms-oriented procedure, and an inci-

dent procedure formatted following the symptoms-oriented approach.

The event selected for comparison purposes is a loss of feedwater on a

600 MWe CANDU PHW station. The rationale, if not the details, is equally

applicable to other CANDU stations and to other fission reactors.

Figure 1.0

k The operator is required to diagnose the event. The diagnostic

information includes consequential plant responses and condition-

al (possible) indications.

Whilst the major objectives are identified they are given in a

general manner with few specifics, and certainly no formal

requirements, with respect to acceptable responses. The proce-

dure provides little guidance on the expected plant response.

Figure 2.0, 2.1 and 2.2

The operator is not required to diagnose the event. He is aware

that at least one major parameter - boiler level - indicates a

trend away from set point.
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The procedure is specific with respect to objectives, acceptable

responses and corrective actions. Although not detailed for rea-

sons of simplicity, the corrective actions are specified in a

hierarchy. Unlike Fig. 1.0, Figs. 2.0, 2.1 and 2.2 do not assume

that normally reliable plant processes will perform as expected.

Typically, it does not presume that turbine governor valves clos-

ing will always occur following a reactor trip. Of course many

of the actions are unnecessary when it is prescribed that feed-

water is lost. Note that actions All, A11C and A12 - Boiler

level below set point and falling, corrective actions to restore

boiler level and failure to do so - combine to identity loss of

feedwater.

Figures 3.0 and 3.1

As in Figure 1.0 the operator is required to diagnose (identify)

the event. However, the diagnostic indications are very specif-

ic. The conditional and plant response indications are dealt

with later. Given a loss of feedwater clearly a significant num-

ber of the non consequential acitons shown in Figures 2.0, 2.1

and 2.2 can be omitted. The consequential actions associated

with plant response cannot be omitted and they are retained.

They can however be very specific with respect to corrective

actions, as is shown. Note the emphasis on early stabilization

of major parameters - before the change of state (cooldown) is

selected. This early set of actions is important when it is

recognized that a superimposed transient (cooldown) can mask the

presence of additional faults as well as mask wrong diagnosis.

Clearly actions All, A11C and A12 of Figure 2.1 do not appear in

Figure 3.0.
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Corrective actions can only be specific for the consequential

actions. Actions A14C, A16C reflect the operator imposed change

of state and here the hierarchy of corrective actions used in the

pure symptoms-oriented response approach is retained.

Figs. 3.0 and 3.1 demand no additional activities which Fig. 1.0

omitted other than the establishment of acceptable responses.

They do however add the discipline of initially stabilizing the

major parameters and they do produce a perspective of overall

plant response which is common to all events, identified or not,

and which is reflected in many of the practices performed by con-

trol room personnel.

From a philosophical view point the advantages inherent in the

symptoms-oriented approach relate to recognizing the multidimen-

sional nature of the problem of abnormal incidents. The event-

oriented approach detracts from such a perspective and leads to a

degree of tunnel vision.
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