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ABSTRACT

Effective, inexpensive, and realistic on-going training is required to keep all Naval

personnel proficient in their fields. Nowhere is this more true than in steam propulsion en-

gineering plants. The complex systems of valves, piping, and components require contin-

ual refresher for watchstanders to perform their jobs safely.

BoilerModel is a qualitative expert system designed using model-based reasoning

principles and implemented in Ada. It accurately models a 1200 psi D-type boiler and its

associated peripherals. The use of fundamental intra-component relationshivc ("first prin-

ciples") and constraint propagation result in compact code because there is no need for the

extensive rule base found in conventional expert systems. Implementation in Ada permits

the use of concurrent tasking to simulate simultaneous valve propagation found in real-

world boiler systems. Additionally, Ada's portability allows BoilerModel to be compiled

and run on virtually any machine, thereby making it an affordable and attractive comple-

ment to shipboard engineering training.
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. INTRODUCTION

The technical nature of most U.S. Navy jobs requires a substantial investment (in

terms of man-hours lost, equipment maintenance, materials, etc.) for initial training. On-

going training is also required to sustain a satisfactory level of proficiency. There is,

therefore, always a need for effective, realistic, and inexpensive complements to

conventional schooling to maintain competency. Nowhere is this more true than for the

training of steam propulsion engineering plant operators. The complex, almost Gordian

knot of valves, piping, and components is overwhelming to the novice and requires

continual refresher for qualified watchstanders to perform their jobs effectively and safely.

However, the Navy currently has only one computerized steam plant simulator (the

Propulsion Plant Trainer (PPT) in Newport, R.I.) and one non-specific stationary hot plant

(at Great Lakes Naval Station). "Hands-on" training for prospective division officers and

department heads is conducted at one of these two facilities, or onboard ships moored to a

pier.

A. STEAM ENGINEERING TRAINING PROBLEMS

Three problems are evident with the status quo. First, hands-on training focuses on

proper (i.e., non-catastrophic) operation of the plant. With the exception of the PPT, it is

too dangerous to both machinery and human life to impose actual casualty situations on

steaming boilers. Therefore, most casualty control training is either learned in the

classroom or is simulated. (Simulated casualty control is like kissing one's own sister; it

isn't quite the same thing).

The second problem is that training platforms are expensive to maintain. Machinery

at the hot plant and onboard ships breaks. The PPT undergoes physical changes to match
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real-world ship alterations, and these changes often require software updates. Additionally,

building a PPT for the West Coast (to fill the training gap) would be a multimillion dollar

expenditure. Both the hot plant and "school ships" burn fuel while training. This fuel could

be better used getting the ships and their crews underway conducting at-sea operations

(where they should be in the first place).

The third problem is that plant line-up changes and casualty restoration is very time

consuming. With the exception of the PPT (where restoration is instantaneous),

prospective engineering officers spend much of their time on the deckplates answering

questions from the instructors and not learning by doing. While this problem is non-

existent in the PPT, there is only one PPT. The few steam ships stationed in Newport are

virtually the only ones that can afford to ser i watch teams to the trainer.

B. RESEARCH QUESTIONS

The problems with current on-going fleet steam engineering training form the

background for the following questions posed by this thesis.

First, can an expert system be developed that effectively and efficiently models boiler

operation? If so, can it be designed in such a manner that it can be expanded to model the

entire steam plant?

Second, can such a model be constructed using qualitative reasoning such that it is

not limited by parameters and features specific to one platform?

Third, must a model-based expert system be written in Lisp or one of the other

traditional artificial intelligence languages, or can it be written in a general purpose

language such as Ada?

Fourth, can such a system be made inexpensively enough to make it an attractive and

affordable shipboard tool?
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BoilerModel was developed as part of this thesis to answer the questions posed. It is

a fairly uncomplicated qualitative model-based reasoning system whose domain is the

naval propulsion boiler. It is implemented in Ada. The cause-effect propagation of events

in the model-based paradigm is ideally suited for physical applications such as steam

generation plants. Model-based systems are beneficial in education and training because

they can progress through events causally in much the same manner as students learn. They

rely on how components work and how they are interrelated. Thus, plant scenarios can be

generated easily by students and abnormal conditions can be diagnosed confidently by

watchstanders.

C. THESIS OUTLINE

The second chapter of this thesis provides the reader with an introduction to model-

based reasoning and the differences between it and rule-based inference. The third chapter

serves as a literature review or survey of related work in the fields of qualitative physics

and model-based reasoning. The fourth chapter introduces the model domain (the

propulsion boiler system), including important cause-effect relationships. The fifth chapter

focuses on BoilerModel as an Ada implementation. The questions posed in this

introductory chapter will be answered in the body of the thesis; synopses of the answers

will be provided in the concluding remarks of the sixth chapter.
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U. A MODEL-BASED REASONING PRIMER

Expert systems today can be categorized in two general ways: as rule-based systems

or as model-based systems. Of course, designs may be hybrids, containing elements of

both. Rule-based systems consist of sets of known facts and rules in the problem domain.

These elements come from interviews with subject matter experts and domain-specific

technical documentation. An inference engine, some sort of program or production

language uses the rules and facts in the knowledge base to reason from input. Rule-based

systems are wholly dependent on the facts and relationships in the knowledge base;

therefore, the more facts and rules, (generally) the more robust the expert system. Model-

based systems approach the problem from a different tack. This chapter will examine what

model-based reasoning is, how it works and what utility it has in problem solving

situations.

A. REASONING FROM MODELS

Model-based expert systems have been written in many languages and for many

different architectures. Knowledge representation also differs from system to system to

suit the specifications of the designers and the needs of the users. However, all of these

systems have one thing in common: they reason from some sort of model of the domain.

While a rule-based system may reason exclusively from observed values to facts or rules

in its knowledge base, model-based systems reason from "first principles," rules which

describe the internal processes and causal relationships between components in the domain.

Since first principles are facts about objects and how they behave, they can reason from

observed values to real-world states simply by generating different system states,
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propagating these constraints through the first principles, and comparing the generated

sensor values with actual observed values.

"The essence of [the] model-based expert system approach is to generate a model
that acts as close to the real world as possible except when a measurement or
component fails. .. When the real world begins to act differently from the model,
we detect the discrepancy and diagnose the change using the model." (Fulton and
Pepe, 1990, pp. 52-3)

The Rube Goldberg drawing in Figure 2.1 (Kinnaird, 1968, p. 37) lightheartedly

shows the internal states and cause-effect relationships required to build a better mousetrap.
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Figure 2.1

The heart of the model is constraint propagation, which is to the model-based
reasoning system what the inference engine is to the rule-based system. Propagation uses
the relationships between components to establish a chain reaction when changes are made
to the system. Propagation continues to occur until all valid relationships have been
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explored. For example, consider the simple valve and piping arrangement in Figure 2.2 and

the corresponding valid set of steam pressure propagation relationships in Table 2.1

2

Figure 2.2
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VALVE I input - NORM
VALVE 1 output - VALVE 1 input (if open) /

NONE (if shut)
VALVE 2 input = NORM
VALVE 2 output = VALVE 2 input (if open) I

NONE (i shut)
VALVE 3 input = greater of (VALVE 1 output,

VALVE 2 output)
VALVE 3 output - VALVE 3 input (if open) /

NONE (if shut)
VALVE 4 input - greater of (VALVE 2 output,

VALVE 3 output)
VALVE 4 output - VALVE 4 input (if open) /

NONE (if shut)
VALVE 5 input - greater of (VALVE 1 output,

VALVE3 output)
VALVE 5 output - VALVE 5 input (if open) /

NONE (if shut)
VALVE 6 input = VALVE 4 output
VALVE 6 output - VALVE 6 input (if open) /

NONE (if shut)
VALVE 7 input = greater of (VALVE 5 output,

VALVE 6 output)
VALVE 7 output = VALVE 7 input (if open) I

NONE (if shut)
VALVE 8 input = greater of (VALVE 5 output,

VALVE 7 output)
VALVE 8 output - VALVE 8 i= (if open) /

NONE (if shut) . ..

STEAM SINK A value - greater of (VALVE 6 output,
VALVE 7 output)

STEAM SINK B value - VALVE 8 output

Table 2.1

Reasoning about what effect shutting VALVE 1, VALVE 3, and VALVE 7 has on

the values of STEAM SINK A and STEAM SINK B would simply be a matter of changing

the status of those valves and reevaluating the relationships.

Note also that the rules, although specific to the valves, effectively simulate the

function of the piping system. Moreover, the entire piping system is modeled. How well

a model simulates real-world connectivity, of course, depends on its applications. In

7



general, though, the more representative rules are of the relationships between components,

the more robust the overall model will be and the more diversified its potential applications.

Models themselves fall into two broad groups: quantitative and qualitative.

Quantitative models fall outside the scope of this research. Briefly, quantitative models

rely on mathematical or numerical rules and relationships to predict or monitor system

functions.

"A mathematical model could be constructed to model the function of a
grandfather clock, taking into account the oscillator length, gear size, and so on. A
numeric model could predict the position of the hands after a specific time interval."
(Fulton and Pepe, 1990, p. 51)

Qualitative models, on the other hand, describe domain components "in terms of

causal, compositional or subtypical relationships among objects and events." (Clancey,

1989, p. 10) There are several variations of qualitative models. ClassiIcation models

categorize observed patterns to describe processes. The process descriptions identify

events which occur over time and in diverse locations. Diagnosing infectious diseases is

one example of the use of classification models. Simulation models start from a set of

initial conditions and predict how the systems will change when the initial conditions are

changed. Functional models relate system behaviors and states to functional goals.

(Clancey, 1989, p. 13) White and Frederiksen (1989) discuss phenomenological and

reductionist models (see Chapter I.C. 1).

B. MODEL-BASED vs. RULE-BASED SYSTEMS

As discussed previously, rule-based systems are wholly dependent on facts and rules

in their knowledge bases. They cannot, in and of themselves, reason from cause to effect

unless the cause and effect happen to be rules accessible to the inference engine. Model-

based systems cmt baause cause-effect relationships are easily and naturally modeled as

first principles. This is especially important in applications involving physical systems

such as steam generation plants and electrical distribution systems. "Rule-based expert
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systems were never particularly suited to industrial monitoring applications." (Fulton and

Pepe, 1990, p. 48) Reasons for this fall into three general areas.

1. Sensor Failure

Control personnel in real-world industrial systems rely on information from

sensors to formulate decisions or perform diagnostics. A rule-based system would require

a set of rules mapping possible sensor readings to corresponding plant conditions. A

problem arises in that sensor indicators (such as thermometers, pressure gauges, etc.) can

themselves fail on occasion. A rule-based system would then be required to have in its

knowledge base a set of rules which would ascertain for any sensor reading whether or not

that data is correct. "According to current estimates, up to three-quarters of industrial

expert system rules do nothing more than verify sensor accuracy." (Fulton and Pepe, 1990,

p. 49).

Model-based systems, on the other hand, have only as many component

description and systems interrelationships as are necessary to define the domain. Out-of-

limits sensor readings due to faulty sensors can be accurately diagnosed in exactly the same

manner as out-of-limits readings due to plant malfunction: components upstream of the

sensor in the model are failed in various combinations until a match between model sensor

values and real-world sensor values is obtained. If the only match(es) between model and

actual system contain contradictory component state information, then the sensor must be

faulty (because it is assumed that the real-world system has been accurately and completely

modeled). In the simple valve and piping example introduced previously, if the sensor for

STEAM SINK A indicates a value of NONE, the expert system would only be able to

propagate to that result if certain combinations of valves were shut. The set of such

combinations is finite, and if no element of that set matches the known valve line-up, then

the sensor is determined to be faulty and in need of recalibration or replacement.

9



2. Number of Rules

The sheer number of rules needed to correctly predict plant performance or

diagnose faults in systems of even moderate size is enormous. Consider again the valve

and piping example. Given eight valves, each having a status of either open or shut, and a

constant value coming from the STEAM SOURCE, a rule-based system could require up

to 256 rules of the form in Figure 2.3.

If VALVE 1 is OPEN and VALVE 2 is OPEN and
VALVE 3 is SHUT and VALVE 4 is OPEN and

VALVE 5 is OPEN and VALVE 6 is SHUT and
VALVE 7 is OPEN and VALVE 8 is OPEN then

STEAM SINK A is NORM
STEAM SINK B is NORM

Figure 2.3

This plethora of rules presents four problems which are resolved when model-

based systems are used. First, as the number of rules/facts increases, the chances of

implementing an exhaustive rule base decreases. "A traditional expert system relies on

expert experience likely to be deepest concerning common failures; the uncommon failure

is doomed to obscurity and may not be properly diagnosed." (Fulton and Pepe, 1990, p. 55)

During the interview process, the expert may not remember or even be familiar with

obscure casualty situations which may occur. The completeness and accuracy of the rule-

based system is very dependent on the experience of the experts and the questions posed by

the designers. Since the model-based approach is founded on first principles which

describe component behavior and are essentially independent of expert experience, this

problem is obviated. Large components can be broken down into smaller actual or virtual

10



components to the point where cause-effect relationships are manageable, accurate, and as

complete as necessary.

Second, in a large rule-base there may exist some rules which contradict each

other, or in concert with each other produce inaccurate results. There may also be rules

which are just not correct. "As the number of objects in the system increases, it becomes

very difficult for the expert to predict accurately what state each sensor will be in for each

possible failure." (Fulton and Pepe, 1990, p. 49) Moreover, determining which rules failed

in a particular situation can be very difficult because there is no necessary link between

inter- intra-component behavior and knowledge base elements. A model-based system's

network of behaviors, because it focuses first on component or subcomponent behavior and

then on relationships, does not grow increasingly more complex as the modeled system

grows (although the number of components and inter-component relationships that must be

modeled does grow). Additionally, pinpointing faulty device behaviors or relationships is

as simple as tracing through the state tables for a device as values propagate. Determining

where errors existed in this project was never a problem; fixing them, of course, was a

different story.

Third, a large rule base is expensive in terms of time spent in development.

Since such a system would require extensive contact between design personnel and subject

matter experts, there would exist a large period of time in which the expert system was in

production. Additionally, as the real-world system changes, experts (who do not work for

free) would have to be consulted for modifications to the rule base. Although some time

lag between conception and implementation would also exist for a model-based system,

picking the brains of experts for facts or rules to support all contingencies is unnecessary.

Only when new components (which have not been previously modeled) are added will

there be a substantial time drain. "Since rules are not created... the component knowledge

11



base simply is modified to reflect the changes, [and] a task is no more difficult than altering

a set of schematics." (Fulton and Pepe, 1990, p. 55)

Fourth, the addition of new components in rule-based systems increases

exponentially the number of new rules needed. In the now familiar valve and piping

example, adding a ninth valve would increase the exhaustive rule set from 256 to 512 (or

29) if a rule-based system were used. Changes to a model-based system would be limited

to information about that valve's input and output and changes to the valves immediately

upstream and downstream of it (effectively re-linking the system).

3. Human Expert

Model-based systems more closely simulate how human experts diagnose

faults or predict system behavior. When there is incomplete or conflicting information

available, human experts rely on what data is available and formulate hypotheses upon

which future actions (repair work, casualty control measures, etc.) are based.

"Generating rules to compensate for even a subset of the possible partial data
situations is an onerous task that catastrophically increases the required number of
rules. It is highly improbable such an effort will ever provide complete scenario
coverage." (Fulton and Pepe, 1990, p. 49)

Model-based reasoning closely approximates the cause-effect reasoning

mechanism employed in human learning. The study of mathematics and science is fraught

with facts and figures which are used in problem solving (a cause-effect exercise). The

non-quantitative world is also understood analytically. A foreigner unfamiliar with

baseball will learn the game more quickly by watching (and doing) than by just memorizing

facts and rules.

C. UTILITY OF MODEL-BASED SYSTEMS

Model-based systems are ideally suited for industrial, system oriented applications

such as electrical circuitry training and steam plant monitoring. In applications such as

12



these, model-based systems can be conceptually true to real-world configurations without

causing immense complications during real-world modifications. Model-based systems

are well suited for use in the realm of training and education. "When novices

spontaneously attempt to understand how physical systems work, they use constructs such

as 'causality,' 'mechanism,' and 'purpose'." (White and Frederiksen, 1989, p. 84) Models

are also well suited for fault diagnosis; artificially "failing" components and propagating

the new values in order to match the abnormal real-world status can be done quickly and

will exhaust all casualty conditions in a well-modeled system.

Model-based expert systems are not well suited for domains in which a complete and

accurate model cannot be created. Poor quality cause-effect relationships result in poor

quality diagnoses and predictions which may endanger life and equipment. Model-based

systems also require real-world sensors to provide enough information for reasonably

accurate diagnoses. If such sensors are missing and cannot be installed, only partially

accurate and downright useless conclusions will be formulated by the expert system, and a

rule-based system may be the best bet.

13



III. LITERATURE REVIEW

A. INTRODUCTION

Qualitative model-based reasoning systems have their foundations in the qualitative

physics/commonsense reasoning pioneered in the late 1970's and early 1980's by de Kleer,

Brown, and Forbus (Iwasaki, 1989). Reasoning systems based on cause-effect relationships

were developed during the same period, and some systems have evolved beyond the

drawing board and are in use today. The end use of model-based reasoning systems to date

have been in the areas of intelligent tutoring systems and fault diagnosis. Several systems

ranging from the pragmatically spartan to the graphically complex will be examined here.

B. QUALITATIVE PHYSICS FOUNDATIONS

Three distinct yet complementary ways of qualitatively explaining the effects of

physical laws on systems and devices were developed in the late 1970's and early-to-mid

1980's. They focused on devices themselves (ENVISION), processes between devices

(Qualitative Process Theory), and system behavior (QSIM). Additionally, World

Qualitative Modeling System (WQMS), published in 1990, uses elements of all three

camps. The four systems will be discussed in tx; section.

1. ENVISION

ENVISION was developed by de Kleer and Brown at the Xerox Palo Alto

Research Center (Iwasaki, 1989). It takes a device or component centered view of a system;

the system as an entity consists as an integration of many thoroughly specified and

described component parts. Of primary concern are the individual devices and their

interconnections. To this end, the devices have to be isolated and their functions carefully
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defined to infer nothing about the workings of the system in which they are located. These

two considerations are more formally known as the. Locality Principle and the No-function-

in-structure Principle. Although it is impossible to adhere strictly to these principles when

describing a component, they serve as ideals toward which the description should be aimed

(Iwasaki, 1989, p. 363).

The connections between devices, called conduits, are assumed to transmit

information instantaneously and equally when there are multiple conduits between

components.

Device behavior is divided into inter-state and intra-state behaviors and is

predicted using the qualitative functions (equations) in the definition of the device.

Prediction is based on propagating known values through the equations of the device,

producing both a logical cause/effect link and new facts. Once the intra-state behavior of

the device has been determined, all possible future states of that device can be taken from

a table that is indexed by the values of state variables and contains all legal states for that

device. Prediction of system behavior, then, is an exercise in determining all logical

transitions between the possible future states along conduits.

2. QPT

Qualitative Process Theory (QPT) was developed in 1982 by Forbus at

Massachusetts Institute of Technology (Iwasaki, 1989). His Qualitative Process Engine

uses information about objects and processes to reason about which processes will occur,

what they will affect in the system, and when they will stop (Iwasaki, 1989, p. 371).

Physical systems are represented as objects which have certain defined interrelationships

and processes which are the sole means of changing state in the system. Examples of

processes in QPT are heat flow, boiling, and evaporation.
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Individual views in QPT are "views of objects that focus on the enabling

conditions of their behavioral characteristics" (Iwasaki, 1989, p. 372). For example, water

in a boiler and water flowing through a nozzle would have different individual views

because the same object, water, behaves differently in the two situations. Individual views

have four parts:

(1) the individual obiect(s) involved;

(2) the auantiy condition, which is a statement defining quantities of individuals,

generally with respect to each other,

(3).cndigon , which ae conditions other than quantity conditions which must

hold true for the individual view to be valid. For example, in order for a container to hold

a liquid, the container must be capable of holding a liquid (Iwasaki, 1989, p. 373);

(4) relations, which are further truths regarding attributes of the individual(s). For

example, the individual view of water in a nozzle would have a relhationship (mass flow

rate, or ?A) between the specific density of the water (p), its velocity (i), and the cross-

sectional area of the nozzle (A):

= pxAxi (eq 3.1)

Processes must include the individuals necessary for the process to be

activated, what events/circumstances will trigger the process, and what changes will be

brought about when a process has been run.

Behaviorofa system based on a given set of objecandnulafmshivs can

be predicted. Individual views are created and relevant processes ae acdred. Processes

can then start and stop, creating new individual views and removing antiquated ones. Tae



Qualitative Process Engine "detects the processes that must take place in a given situation

and predicts their course." (Iwasaki, 1989, p. 381) This sequence of events involving

processes and individual views which describes a possible direction in which the system

may move is referred to as a history.

3. QSIM

Qualitative simulation (QSIM) was developed by Kuipers in 1985 (Iwasaki,

1989). QSIM takes a device, functions that describe the behavior of that device, and initial

state facts and produces future states into which the device may transition based on the

given information. "Given an initial qualitative state for each functicri, QSIM first

generates all possible successor states for each function."(Iwasaki, 1989, p. 382) QSIM

conducts a breadth-first generation of potential future states, filtering out those that are

either redundant or inconsistent with the given facts.

The qualitative state of a function (behavior) is defined as a pair consisting of

a qualitative value of the function and its direction of change (essentially the first derivative

of the function with respect to time). Once a layer of possible future states of a device is

generated, qualitative constraints can discriminate between valid and invalid states by

restricting the range of qualitative values of a function and by limiting or forcing direction

of change (Iwasaki, 1989, p. 386). Qualitative constraints are predicates which express

some type of qualitative relationship among functions and can thus act as mechanisms to

exclude impossible or contradictory states. Similarly, the qualitative constraint predicates

act to eliminate illogical directions of change. Consider the constraint pr, dicate ADD(fg,h)
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where f(t) + g(t) = h(t). Figure 3.1 (Iwasaki, 1989, p. 387) lists the possible valid directions

of change and excludes those which would invalidate the predicate:

inc std dec

inc inc inc any

std inc std dec

dec any dec dec

Figure 3.1

The use of qualitative constraints applied to both elements of the qualitative

state pair has the potential to reduce substantially the list of future states for a device.

4. WQMS

World Qualitative Modeling System (WQMS) was developed in 1990 by

Gaglio, Giacomini, Ponassi, and Ruggiero (Gagio, et al., 1990). WQMS (1) models its

domain using Forbus' QPT principles, (2) provides an interface for the user to input values

and write results to a file, (3) provides a shell from which various active system views are

processed, and (4) uses and Envision (ENV) simulator as well as QSIM simulator to move

through the network of possible system states. The difference between the two is that ENV

implements a depth-first search while QSIM uses a breadth-first search. Thus, ENV

sacrifices the thorough examination of successive states provided by QSIM, but does not
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get bogged down computationally when used for complex systems. The user is given the

option of choosing between the two simulators at the beginning of a session.

WQMS was written in the production language OPS5 for the following

reasons: First, production rules have the same conceptual structure as processes and

individual views. Second, the inference engine of OPS5 can be used. Third, the efficiency

of implementation is increased through the use of a rete matching algorithm, which

provides several views or processes which satisfy the same conditions. "An important

feature of OPS5 is its efficiency, due to the way in which rules are grouped in the conflict

set by the rete match algorithm." (Gaglio, et al., 1990, p. 42) The rete match algorithm

matches database elements against rules rather than rules against elements, making it easier

to keep track of which rules apply and which do not when a database element is changed.

Individual views "represent a static situation in the evolution of a

phenomenon." (Gaglio, et al., 1990, p. 43) In other words, they represent the things which

are true when the system is in a particular state. Views and processes appear to be easily

written in OPS5 ad can also be coded somewhat generically. For example, the view which

describes the heating process for water can also describe the heating process for steam.

Working memory initially contains the facts input by the user. Since each

individual view corresponds to a rule, if the facts in the working memory support all the

criteria of a view, one is created by the firing of a rule. Likewise, processes are activated

when all the conditions for the process are true.

Two biological systems, cell growth and blood glucose dynamics, have been

modeled using WQMS.
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C. MODEL-BASED REASONING IN EDUCATION AND TRAINING

1. Model Development

A fundamental problem for students beginning the study of physics or

advanced applied mathematics is a lack of conceptualization abilities and an unhealthy

reliance on formulaic solutions. Research by White and Frederiksen (White and

Frederiksen, 1989) contends that since traditional teaching relies on the use of quantitative

laws in problem solving, and algebraic reasoning is substituted for underlying causal

effects, there is a lack of connection between a student's instinctive notions of causality and

the quantitative reasoning employed by textbooks and instructors.

White and Frederiksen employ the concept of an articulate microworld which

combines qualitative modeling of electrical circuit behavior within the framework of an

intelligent tutoring system (White and Frederiksen, 1989, p. 85). It is the primary vehicle

in solving problems where the student is required to formulate mental models to understand

domain phenomena and to solve problems. Models of system behavior progress from

broadly qualitative and analogous to quantitative based on the student's progress and

success in mastering the concepts and system generated test problems of lower level

models.

White and Frederiksen discuss two distinctive types of qualitative models:

phenomenological models and reductionist models. Their phenomenological models create

systems that reason about gross circuit behavior. The first of these models adopted a

"device-centered" view of causality (see ENVISION). System changes are reasoned from

the perspective of individual components. The major drawback of the device-centered

model is that it does not readily and intuitively model important laws that gmwn circuit

behavior (such as Ohm's Law or Kirchoff's Current and Voltage Laws). Sm te system

reasons in a component-by-component fashion, the overall electrical process is not clearly
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seen. This is not necessarily a bad thing when this model is viewed from the perspective of

a new student thoroughly unfamiliar with electrical theory. However, since the spirit of the

articulate microworld is to have different models for different levels of comprehension,

other model methodologies must be used.

A "process-centered" phenomenological model was developed to describe the

effects that system changes have on the system as a whole. A change in state of a

component initiates a process in which all other devices within the affected part of the

system ask whether or not they are affected by the change. If so, they alter their states

appropriately. While the process-centered model shifts the focus from the component to the

system as a whole, it still only describes (as opposed to explains) physical laws.

Reductionist models attempt to explain how changes is a system occur. These

models split a system or component up into small, easy to understand parts and analyze the

effects of a system change to the relationships between the parts. By reducing a device to

smaller and smaller components, a more continuous cause/effect "chain" can be developed

to explain why laws work as they do. Of course, care must be taken in deciding how far to

reduce a device; the advantages of qualitative explanations lie in their relative simplicity.

Phenomenological, reductionist, and quantitative models work together in

what White and Frederiksen describe as model evolution. "The evolution of knowledge can

be captured as a progression of increasingly sophisticated causal models that are qualitative

early on but that can later be mapped into quantitative models as students' understanding

progresses."(White and Frederiksen, 1989, p. 94). They appear to fit very well with the

notion of an adaptive cognitive model in the intelligent tutoring system field because they

can be ordered into a hierarchy resembling how human beings learn things.
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2. STEAMER

The STEAMER project was initiated in 1979 and developed through 1984 by

Hollan in collaboration with several others, principally Hutchins and Weitzman (Hollan, et

al., 1984). The domain of STEAMER is a Navy steam propulsion plant and its goal is to

explore the use of artificial intelligence software and hardware in computer aided

instruction (CAI). It is written in LISP.

Central to the development of STEAMER is the idea of mental models, the

models people use to think about complex systems. "Without richer and more detailed

understandings of the nature of these models, instructional applications will be severely

limited." (Hollan, et. al., 1984, p. 15) Graphical interface is very important because the

variations of how system interactions are presented are also variations on the level and

direction of instruction. STEAMER presents an interactive, inspectable simulation; the

user is permitted and encouraged to explore and inspect how system functions perform.

"Interactive inspectable simulations have the potential of being major mechanisms for

supporting the development of understandings of process." (Hollan, et. al., 1984, p. 15).

The domain area was chosen because the designers had access to a detailed

mathematical simulation model of a 1200 psi steam plant. It is not strictly a qualitative

model, but a quantitative one which presents information qualitatively. Another not

insignificant factor in domain choice was "the potential for adequate research funding."

(Hollan, et. al., 1984, p. 17) Moreover, a simulation restricted to user interaction via a

keyboard, monitor and other peripherals is more cost effective than alternative plant

simulations, which may cost as much as $7 million (Hollan, et. al., 1984, p. 17).

STEAMER uses dynamic interactive graphics as diap nines which can

represent the plant as the user would see it onboard a ship or as ma expt woa explain

certain complex relationships (such as changes in a pneumatic convol loop). Th user has
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the ability to alter plant parameters either by manipulating the devices that affect those

parameters or by changing the parameters directly. Either approach allows the user to

observe the effect that his or her change has on the plant.

A graphical editor allows a user to put "pieces" of a plant together. As these

pieces are connected, LISP code is created for the new system. "In a number of tryouts of

STEAMER in Navy schools, we have found that a short period of training is all that is

required for instructors to begin to use the editor productively." (Hollan, et. al., 1984, p.

23).

The project developers contend that the difference between STEAMER and

other AI efforts centers around its deep commitment to graphics in both the presentation

and the editing. That may have been true in 1984; however, it needs to be reexamined

today. The developers also contend that STEAMER-like systems provide a "qualitatively

different and superior form of training." (Hollan, et. al., 1984, p. 26) It does employ model-

based reasoning, but its foundations are quantitative. The display engines provide

reasonable methods of extracting qualitative information from the quantitative data.

3. Intelligent Maintenance Training System (IMTS)

The Intelligent Maintenance Training System was developed by the

Behavioral Technology Laborator;es at the University of Southern California, funded in

part by the Office of Naval Research (Towne, et al., 1990). It is an interactive graphical

simulation that allows the user to build a system using a sort of graphical tool box. The user

can then specify behavioral rules for each component in the new system. IMTS is

implemented in Lisp.

IMTS simulations are built from generic objects contained in an object library.

There are currently about 150 objects in the library. Scenes, which are screen-sized

subsections of the simulation, are built from objects using the screen editor. When objects
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are connected, basic rules regarding the interconnection are automatically generated.

Generic objects come pre-coded with behavioral rules indexed by the possible states for the

object. Each state has certain conditions which must be true for the state to be true, and

certain effects which happen as a result of being in that state.

A user can create objects using a generic object authoring utility. After the

object is drawn in its various states using conventional computer graphics, a rule definition

must be specified. As in the generic objects, the rules must spell out conditions for each

state and the effects each state propagates. Rule definitions can only be in terms of object

input and output points (called ports) for both generic and created objects.

An important note is that scenes will not always act the way they are supposed

to when first constructed. Common errors include unconnected ports in generic objects and

inaccurate or incomplete rule definitions for created objects. IMTS is a simulation

authoring system; it cannot incorporate first principles for specific systems (e.g., IMTS

cannot assume that the output of Pump 'A' is the input for Valve 'B' because 'A' and 'B'

may not exist together in any random system) (Towne, et. al., 1990, p. 38).

Simulations of varying levels of complexity can be created in IMTS. Simple

models that mask system details can be developed for novices and more detailed (and more

accurate) scenes can hone skills of advanced students. IMTS has never claimed to be a

usefal diagnostic authoring system. However, since the accuracy of any system is entirely

dependent on the system author, there is no reason why a highly detailed and accurate

model cannot be used (in conjunction with diagnostic code) to help pinpoint problem areas.

As of April 1990 there have been 11 different simulations built in IMTS. One

very large one called Bladefold represents the mechanical, electrical and hydraulic

processes for folding a helicopter's main rotor blades. It consists of 14 scenes containing

300+ specific objects and has provided a realistic training environment for advanced

students (Towne, et. al., 1990, p. 40).
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The major drawback of IMTS is its implementation. In order to reduce the

most complex simulation in Bladefold from four minutes to 15 seconds, IMTS was recoded

using machine-dependent direct-addressing techniques. As a result, the current version of

IMTS can only run in the Xerox Interlisp Environment. Effective training in IMTS, then,

can only be accomplished with heavy investment in a machine that is fast becoming

archaic.

4. GTS

Generic Training System (GTS) was developed by Inui, Miyasaka,

Kawamura, and Bourne (Inui, et al., 1989). Its goal is to effectively use artificial

intelligence technology and qualitative reasoning techniques to build an individualized

intelligent tutoring system. (Inui, et. al., 1989, p. 59) It is written in a variety of languages:

Franz Lisp, OPS5, PEARL (Package for Efficient Access to Representations in Lisp) and

Flavors. GTS combines knowledge representation schemes used in heuristic (rule-based)

systems and qualitative models to offer a more robust training platform than traditional

computer aided instruction systems.

Knowledge representation in qualitative simulation is implemented using the

objec:-oriented features of the Flavors package. Constraints among objects are encoded as

methods and are imbedded in the object descriptions (Inui, et. al., 1989, p. 63). Since the

GTS project model is a power distribution system (PDS) containing many individual

components, the device-centered approach proposed by de Kleer and Brown in ENVISION

(called Device-Centered Ontology in GTS) was used as the model design strategy.

Objects are fitted into a hierarchy which uses the inheritance principles of

Flavors. All objects in the PDS domain are subclasses of the basic switch. The design of

this hierarchy, however, is not top-down but bottom-up. Each device is identified (such as

transformers or disconnect switches) and common attributes of devices are used to create
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or abstract superclasses. The abstraction continues until an indecomposable superclass, the

switch, is formed. It is the most abstract object and contains all the "common" feature of

all subclasses (Inui, et. al., 1989, p. 63).

The qualitative model is integrated into the ITS framework through the Model

Based Tutor. It was originally thought that a student would need textual based instruction

(from the Text Based Tutor layer) before model-based instruction could be used. However,

system tests showed that the graphic displays and other model-based features variably

mixed with text presentation offered the best results. The mix can vary from primarily text-

based for entry level students to primarily model-based to offer more insightful

explanations of difficult concepts for advanced students.

GTS is generic enough in principle to be used in a wide variety of intelligent

tutoring domains. Since it relies heavily on model-based reasoning concepts, the domain

should be one which is adaptive to those concepts. The power distribution prototype that

developed as GTS developed has been expanded into a Power Distribution Training

System currently in use at the Osaka Gas Training Center.

D. MODEL-BASED REASONING IN DIAGNOSTICS

1. ODS

Ontological Diagnostic System (ODS), written in LISP in 1989 by Gallanti,

Stefanini, and Tomada (Gallanti, et al., 1989) relies on knowledge of formal design

principles and an understanding of physical laws behind system operation to diagnose

malfunctions. Like most model-based systems, the goal of ODS is to provide a deep

knowledge network instead of a shallow knowledge base found in rule-based expert

systems. However, unlike other model-based systems, ODS does not determine faults by

failing likely components, allowing their new values to propagate through the model and

then compare the new model values with the observed system values. Instead, ODS uses
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models of the faulty behavior of devices to determine faults. The claim of ODS designers

is that using these faulty models reduces the complexity of fault diagnosis, thereby making

the whole process more effective and practical (Gallanti, et al., 1989, p. 143).

When a measurement value from an actual system sensor fails to meet

established constraint values, the ODS diagnostic process is initiated. Discrimination

among all possible causes of the malfunction is effected by propagating the corresponding

malfunction models through the qualitative constraints and comparing the computed results

with observed values.

The center of the diagnostic process is an algorithm which uses qualitative

constraints as benchmarks with which it compares faulty-model generated values. The

diagnostic machine considers the system input variables, design parameters affected by the

malfunction, and other non-affected design parameters.

ODS designers claim superior performance when compared to an expert

system based on empiric knowledge of the same domain (in the test case, a steam

condenser). The better performance is due, in part, to the fact that the rule based system

relied only on knowledge available in the plant control room while ODS fault models

utilized parameters which, while not directly measurable, can affect plant operation (such

as head loss through a section of piping). The intent of the ODS designers was to show that

plant operators (who rely solely on observable measurement values) have not developed

diagnostic skills tying unobservable measurements to observed ones (Gallanti, et al., 1989,

p. 147). No surprise there.

ODS typically performed fault diagnosis in tenths of minutes on a Symbolics

3640 machine with 4 megabytes of main memory (Gallanti, et al., 1989, p. 148). No

comparison was made between ODS and any other model-based fault diagnostic system.

Such a comparison would have been a better gauge of performance than that with the rule-

based (empiric knowledge) system.
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The biggest stumbling block for ODS is its assumption that all possible

component malfunctions can be modeled. "Fault and/or malfunction models are usually

identified for most subsystems of industrial plants." (Gallanti, et al., 1989, p. 145) This

may be true for simple devices or subsystems such as a light switch or even an electrical

pump, but becomes exponentially more difficult for a device as complex as a propulsion

boiler. Boiler malfunctions can be modelled efficiently only by breaking the boiler down

into component parts simple enough for an exhaustive set of malfunction models to be

developed. By that point, propagation of faulty models would be virtually the same as

propagation of component values in traditional model-based reasoning systems.

2. Hoist

Hoist is a causal reasoning expert system based on qualitative physics. It was

developed by Whitehead and Roach in 1990 (Whitehead and Roach, 1990). Hoist's

domain is fault diagnosis in the lower hoist of the Mark 45 Naval gun turret. It reasons

about machine failures from a functional model of the device, and is thus a model-based

reasoning system.

The Hoist developers highlight three major shortcomings of rule-based expert

systems in fault diagnosis. First, they cannot handle unanticipated faults. These faults are

elsewhere referred to as "non-intuitive anomalies." (Fulton and Pepe, 1990, p. 55) Second,

the development of a rule-based expert system is time consuming and there will, therefore,

be a lag between the implementation of an actual real-world system and its corresponding

expert system. Third, updates and design modifications may lead to incorrect or

incomplete conclusions in the rule-based system. Hoist was designed for troubleshooting.

"A repair expert might have some general rules for isolating faults, but s/he does
not follow these rules exclusively, as shallow reasoning expert systems would imply.
Instead, s/he understands the purpose of the machine and knows its expected
behavior." (Whitehead and Roach, 1990, p. 109)
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Unlike some other model-based expert systems, Hoist's first principles are

cause-effect relationships between actual pieces of hardware and do not attempt to describe

actions in terms of qualitative versions of physical laws. Since it models the gun turret at

a high level of abstraction, some parts of the system cannot be accurately described.

However, Hoist designers feel that the level of abstraction is generally sufficient enough to

give a true rendering of the system as a whole.

Hoist is implemented in a language called WIF (What IF), which is based on

counterfactual logic. WIF takes a "what if" introduced by the user and assumes it will

contradict known facts. The model then generates all known worlds (states) which could

exist is the counterfactual clause were true. This is ideal for troubleshooting because

instead of matching symptoms to some set of rules, diagnosis starts by introducing

suspected fault conditions and ascertaining whether or not the fault state can be reached

given the "truth" of the suspected fault.

Hoist runs into combinatorially explosive situations when it is tasked to isolate

multiple faults. However, the designers claim that heuristic searches through the "fault

space" can reduce the effect of the explosion. (Whitehead and Roach, 1990, p. 116)

3. Mathematical Models and Uncertainty Theory

In the late 1980's, Lutcha and Zejda developed a fault diagnosis system for

chemical processing units based on mathematical models (Lutcha and Zejda, 1990).

Chemical production plants experience large financial losses when abnormal conditions

force a shutdown. Moreover, the potential for loss of human life and the release of toxic

chemicals is greatly increased. Development of a rule-based expert system was not

considered well suited for chemical processing units because the operator expertise was

deemed either inadequate or non-existent in many new and modified chemical processes.
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Lutcha and Zejda proposed that all chemical processes, even the most complex,

could be broken down into smaller, easier handled subsystems. These subsystems could be

sufficiently described by mathematical equations founded on the principles of energy and

material conservation (Lutcha and Zejda, 1990, p. 32). These mathematical equations,

called governing equations, are expressed in terms of measurable variables, such as

sensors. Sensor values a-e inferred to be discrete, and a set structure is used to keep all

possible sensor fault states. Governing equations common to more than one subsystem

provide the articulation points which link subsystems together into the original chemical

process.

Since processes are broken down into sub-ystems, each of which is described

by only a few governing equations, Boolean logic can be used to determine which sensor

will fail given any other values in the mathematical models. These "other values" are actual

measurement values from the processing unit. Problems arise when measurement noise

causes the diagnosis to fluctuate oetween two or more faults. Lutcha and Zejda's solution

to this problem is to introduce a certain level of belief of failure to each sensor for each

discrete level of failure using Shafer-Dempster probability mass distributions (p.m.d).

Take the p.m.d. for one governing equation (Lutcha and Zejda, 1990, p. 34):

ml (HI', H1
0 , Hj', F) = (0.8, 0.2, 0.0, 0.0) (eq 3.2)

The certainty of some sensor state F being true is 0.8 if the result of the

governing equation is higher than normal or 0.2 if the result of the governing equation is

normal. The latter assumes that another sensor state may be counterbalancing F and further

information (i.e., from other governing equations) is necessary to pinpoint the fault. So,

while straight Boolean reduction results in only one fault (which may fluctuate with
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fluctuating plant parameters), uncertainty theory assumes all faults are present and assigns

a degree of belief (or weight) to each one (Lutcha and Zejda, 1990, p. 35).

Lutcha and Zejda programmed this system using Turbo-Pascal because of its

ease in handling data structures and real number types. They are currently working on

exploiting both shallow and deep knowledge in for an even more robust expert system.
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IV. THE BOILER SYSTEM

Model-based reasoning is ideally suited for developing an expert system for a steam

generation plant. As with any model, the better understood the system to be modeled, the

more complete and robust that model will be. To that end, this chapter will focus first on

the subcomponents that comprise the boiler system and how they work together. The

second part of the chapter will examine what casualty conditions may arise and what their

causes are.

A. BOILER FUNDAMENTALS

A 1200 psi steam plant is a complex arrangements of valves, piping, and components

whose proper operation and interaction are critical to the operation of steam powered Naval

vessels. The heart of the plant is the 1200 psi D-type boiler.

"Boilers use thermal energy obtained from the combustion of fuel oil to change
feedwater into superheated steam for use in the operation of the main engine, the
turbogenerators and the main feed pumps. A portion of the superheated steam is
desuperheated for use in the operation of auxiliary equipment." (Propulsion Plant
Manual, 1978, p. 1-1)

It should be noted that although BoilerModel was developed based on the boiler and

plant configuration of the FF-1052/1078 platform, the implementation is strictly qualitative

(e.g., values of "LIFT_SAFE_HI" instead of "1385 psig" for lifting safety valves). Thus,

the same model (with minor piping configuration changes) can be used for any Navy

propulsion boiler.
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1. Boiler Parts

The boiler components covered in this section are illustrated schematically in

Figures 4.1 and 4.2.

Feedwater To atmosphere

Safeties

Steam drum

4Furnace (shaded)

Downcomers

" Main steam loads

Water drum and desuperheater

Figure 4.1
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Fuel

Fuel manifold

Figure 4.2

The steam drum is the largest pressure component of the boiler (Propulsion

Plant Manual, 1978, p.1-20). It is physically located at the top of the structure. The steam

drum is separated into two sections. The bottom half receives feedwater from the main feed

pumps, which are external to the boiler itself. The top half receives saturated steam from

the generation tubes.

The water drum is another large vessel which acts as a header, directing boiler

water up the various generating tubes. The water in this drum acts as an indirect cooling

medium for the desuperheater.

The downcomers are pipes which connect the steam drum to the water drum.

They reside in the air casing which separates the exterior boiler surface from the furnace

wall. Since they do not come into contact with direct heat and suffer virtually no casualties,

the downcomers were not explicitly modeled in this project.

The generation tubes provide a conduit for boiler water to travel frm the water

drum back to the steam drum. These tubes come into direct contact with combustion gases

in the furnace and are the primary places where water becomes steam.
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The superheater is a tube bundle which receives saturated steam (steam at its

boiling temperature for a given pressure) which becomes superheated as combustion gases

flow past the tubes.

The desuperheater is located inside the water drum. It is also a tube bundle and

uses the surrounding water to reduce the temperature of some of the superheated steam.

The fuel manifold, located on the boiler front, consists of valves and piping for

four burners. Atomized fuel is mixed with combustion air from the forced draft blowers

(external to the boiler) in the burners and is sprayed into the furnace.

The boiler furnace is a brick and refractory enclosure through which the

generation tubes and superheater pass. When the boiler is on-line, the furnace is the home

of a very hot fireball of burning fue (cartesy of the burners).

The safety valves are located on top of the steam drum. They are adjustable,

spring-shut valves that lift to relieve excess drum pressure and reseat below lifting pressure.

Without safeties, the steam drum would be subject to accidental rupture, and the boiler

room would be a more dangerous place to work.

2. The Boiler in Action

Figure 4.3 is a schematic of the major fireroom systems and main steam loads.

The main feed pumps provide relatively cool water to the boiler steam drum.

Because of the lower temperature of the feedwater (compared to the temperature of the

steam-water mix in the generating tubes), it falls naturally down the downcomers to the
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water drum. It should be noted here that very pure "feedwater" becomes "boiler water"

in the steam drum, where chemicals are injected to maintain pH and phosphate levels.

6 .2 Main Summ Suop

5 Enaiam, Bunkhed Stop
6 Aux Mdcinry Rn Bulkheoad Stop

MainFood7 Maom Feed Pomup Stoa Supply

79 Famsed Dzaft Blower Stem Supply
10 Auiuer
11 150piReducer Supply
12 Piic Masker Supply
13 MdniaedS~qp
14 FoodwatrControl Valve
is manual Check Vul".

11316 Air Sbuim7 17 Ait Ragiat
IS Fuel Oil ServicPUUnpDischarp
19 Fueal oil Cuenurl Vaiw

Plaiui Mawter 222 Fuel Mangfold
Air~aropmiasr 21 Fueleifed

414 ~ ~ 1 4valve open
NValw shat

12] 
10

11 04I
Fiur 4.3

The~~~~~~~~~~~~~~~~~~ bo2rwtri0eietdb h aerdu wihat samnfl)u
th vriusgeertig ans Ntualcicuaton wic elesonth dffrece7

desiis ewenwae du wtr n sem rm tam s h mtvefrc ehn ti
redirection.~~~ ~ ~ Th ae ntegnrtn ue rced obi si lw hog h ue
to~ ~ ~ ~~~~~~~~~1 th2o1afo h ta rm nanralyfntoigbie sft avssu)

16 is 36



there is only one place for the steam to go: to the superheater. The superheater has several

passes, and as the steam flows through them, its temperature is raised above its boiling

temperature (i.e., it is superheated). Superheated steam, also called main steam, is then

available for the main engines, feed pumps, and tubine generators which require the high

enthalpy from superheating.

Many steam systems, however, do not need steam at such a high temperature,

so some of the superheated steam is directed to the desuperheater, which uses boiler water

in the water drum to cool the steam some 300 degrees. From the desuperheater, the

auxiliary steam is used for all other steam loads, including heating systems, laundry and

scullery operation, atomization steam, and forced draft blowers.

Fuel is provided to the fuel manifold by the fuel oil service pump. It is

atomized by steam and mixed with just the right amount of air to burn cleanly and

efficiently. Combustion air is provided by turbine driven forced draft blowers via an air

register assembly at the burner front.

B. BOILER CASUALTIES

Many abnormal conditions may face a boiler operator. Most, if left unchecked, will

cascade into more severe casualties, resulting in equipment damage and/or loss of life. This

section will examine some of the more common boiler casualties along with their

symptoms, indications, and possible causes.

1. Fuel on Deck

Normally, all fuel supplied to the burner front is consumed by the fireball in the

furnace. Occasionally, though, unburned fuel may leak from the atomizer to the furnace

floor. The cause of this problem usually resides with the atomizer itself; it has not been

tightened sufficiently or is partially clogged by water or sediment. Occasionally, fuel will

drip on deck when the boiler is secured using the Fuel Oil Quick-Closing Valve. There are
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three types of Fuel on Deck casualties, but only one, Unburned Fuel on Deck with Fires

Secured, is currently incorporated in BoilerModel.

Fuel in this condition evaporates rapidly because of the residual heat in the

furnace. The evaporating fuel will fog the boiler periscope mirror. A large amount of fuel

vapors in the fire box presents a potentially explosive situation.

2. White Smoke

A precise mixture of fuel and air is required for clean combustion (i.e., no

smoke and minimal soot build-up on tubes). When the mixture becomes unbalanced and

there is too much air flow, a white smoke condition may result. White smoke will appear

orange in color through the boiler periscope, and billows of whitish-grey smoke will come

from the stacks topside. Additionally, superheater temperature may be lower than normal.

In this condition, unburned fuel in an aerosol state (from the excess air) travels up the stack.

Since the stack is not a clear, straight path up from the furnace, the aerosol may be diverted

into eddies and may cool down enough for fuel to condense onto hot surfaces, resulting in

a boiler explosion. Sixty seconds is considered the maximum time a white smoke condition

may exist uncorrected. The likelihood of a boiler or stack explosion increases greatly after

that point.

3. Black Smoke

When the fuel/air mixture becomes too fuel-rich, a black smoke condition will

occur. This is indicated by a blacked-out periscope and large amounts of dark exhaust from

the stacks. Although not as dangerous and time critical as a white smoke casualty, black

smoke increases the amount of soot on tubes and along the stack wall, and increases the

likelihood of a stack fire.
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4. Low Water

Water is not only the working fluid in the boiler system; it is also the cooling

medium for the generation tubes and the superheater. A low water condition will arise

when there is greater flow out of the boiler than there is flow in. A malfunctioning

Feedwater Control Valve is frequently the culprit in a low water casualty. The primary

indicator for this casualty is an alarm which sounds when steam drum water level drops to

-6 inches (i.e., six inches below normal water level). Before and after the alarm sounds,

steam drum level can be tracked directly via a gauge glass on the steam drum. As water

level continues to drop, tube ends and eventually the tubes themselves are deprived of their

cooling fluid and become subject to deformation to the point of rupture.

5. High Water

More water supplied to the boiler than steam flow out will result in a high water

casualty. High water is not as catastrophic to the boiler as low water, although it may result

in the carryover of water (and with it, chlorine ions) into the superheater. Since the

superheater is made from stainless steel, it is subject to chloride stress corrosion at high

temperatures. The worst effects of a high water casualty are seen in turbine driven

equipment. A slug of water carried out of the boiler can shatter the blading of a turbine

rotating thousands of revolutions per minute. High water is indicated by an alarm when

steam drum water level reaches +7 inches.

6. Ruptured Tube

A ruptured tube occurs when there is inadequate heat transfer from tube surface

to cooling medium. A frequent cause for a ruptured tube is a low water condition, but other

causes include improper boiler water chemistry and fouled watersides. A ruptured tube is

a catastrophic casualty; the boiler cannot be immediately restored. Moreover, ruptured

tubes often inflict collateral damage on other nearby tubes and on the furnace brickwork.
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A loud hissing, fogged periscope, and sudden drop in steam drum pressure are indicators

of a ruptured tube condition.
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V. AN ADA IMPLEMENTATION

From its earliest conception, BoilerModel was meant to be an Ada project. Several

factors, including speed, maintainability, and portability contributed to this decision;

however, the main consideration was the Department of Defense's embracement of Ada as

a linguafranca for future programming applications. This chapter will first examine the

scope of the BoilerModel implementation. Next, it will assess the value of Ada as an

artificial intelligence tool. Finally, the model implementation and results from a test run

will be critically reviewed.

A. SCOPE OF THE MODEL

The original plan for Boiler!_3del was to write and implement it on an IBM-type PC

using Meridian Software's AdaZ (later OpenAda) compiler. An early version of

BoilerModel was written and did run with AdaZ; however, the variable stack used by the

compiler later proved to be inadequate for the number of global variables (and the size of

the data structures in which these variables were instantiated) in the current version of the

model. With virtually no changes to existing code, the model was transferred to a Sun

SPARCstation and the Verdix Ada compiler. The number and size of global variables did

not adversely affect that compiler.

BoilerModel models a somewhat simplified 1200 psi D-type boiler, along with valve

and piping systems to and from major loads and supporting auxiliary equipment. Although

all propulsion boilers operate the same in principle, BoilerModel's architecture comes from

the FF 1052/1078 class platform. For the purpose of this implementation, boiler steam

loads are assumed to be "receive-ready" and boiler auxiliaries are assumed to be "supply-

ready." This simply means that if, for example, the boiler is on-line and an open path to the
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Engineroom for main steam exists, then the steam will be used in the Engineroom (even

though, at present, there is no such end-user in the model). Likewise, if there is an open

piping path from the Fuel Oil Service Pump, then fuel will flow to the boiler regardless of

the fire status of the furnace.

Assumptions like these have their problems. For example, the Main Feed Pumps on

a frigate are steam driven. However, since they have not been fully modeled here, they will

still operate when steam flow from the boiler is secured. The "receive-ready" and "supply-

ready" assumptions should be viewed as temporarily undeveloped components in a larger

propulsion plant model. They currently serve as a test harness for the boiler.

The Automatic Boiler Control (ABC) systems were not included in this model; they

are complex enough to comprise a separate project. Since they are measurable, interacting

physical systems, they can also be implemented in a model-based reasoning system to work

with BoilerModel.

Finally, a valve which does not exist on the real-world boiler was included in this

model. The Virtual Superheater Outlet was added so the user could observe the effects of

stopping all steam flow from the boiler. A later version of BoilerModel should contain a

more versatile user interface which would allow the user to change more than one valve

status or characteristic per scenario. That versatility is currently lacking.

B. ADA IN ARTIFICIAL INTELLIGENCE

The typical benchmark in artificial intelligence technology is "adequacy"-- does the

system provide acceptably correct answers or diagnoses in an acceptable amount of time or

detail? Programs have generally been prototyped in one of the standard Al languages, such

as LISP, and once developed, translated into a more efficient language (e.g., C or Pascal).

(Baker, 1987, p. 39)
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Ada provides an alternate solution. Its rich data types, capability for multitasking,

and strong typing requirements are some of the reasons Ada can and should be used from

initial program development through implementation of the final product.

"Ada is a language that directly embodies many modern software engineering
principles and is therefore an excellent vehicle with which to express programming
solutions. Ada not only encourages the use of good design and programming
practices but.., it can actually enforce such practices." (Booch, 1987, p. 4)

This section will focus on the characteristics of Ada which can make it a preeminent

artificial intelligence tool.

1. Data Types and Strong Typing

Virtually anything that can be modeled can be modeled using Ada types. There

are four categories of Ada types: scalar types, composite types, access types, and private

types (Booch, 1987, p. 104). Scalar types describe values consisting of a single component.

They include integers, reals, and enumeration types (e.g., characters or Booleans).

Composite types deal with objects that are logically composed of different components,

such as array and record types. Access types are dynamically created and destroyed objects

that may, by reference, belong to more than one other object. Access types are known as

pointers in C and Pascal. Private types allow the developer to explicitly define the structure

and value of a type and provide for the user only those operations necessary for the

manipulation of object attributes consistent with design. The integrity of an object declared

as a private type is thus ensured (Bennett, 1991, p. 33).

Ada is a strongly typed language. This means that variables of a certain type

can assume only those values which are appropriate for that type. Additionally, operations

performed on a variable must be predefined in the type definition for that variable type. For

example, suppose the enumeration type MEASUREMENT_VALUE was declared (with

HIGH, LOW, and RESULT instantiations of that type) and a programmer wrote the

following line of code:
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RESULT:= HIGH + LOW;

The compiler would reject the program because enumeration types have no defined

addition operator. Other languages, such as Lisp, would allow such a line of code to

compile, but would yield some unpredictable result if that line were invoked. Ada is thus

a more difficult language in which to write a compilable program, but that program will

yield correct and consistent results when run. The advantage here lies in the fact that

compiler errors are usually identified by line; debugging is a matter of correcting that error

(which may not be a trivial exercise). Run-time errors do not explicitly identify which

section of the program was at fault and can lead to hours of line-by-line examination of

code.

Ada data structures range from the common (linked lists) to the reusable

(generic program units). They can be used as abstractions of real-world objects or as

logical groupings for related types. Their versatility is limited only by the typing

constraints of their component types and the memory constraints of the compiler. Because

they can be precisely tailored for a given application, they are ideal for use in model-based

reasoning systems which depend on accurate component definition and inter-component

connectivity.

2. Multitasking

An Ada task is one of the primary program units of the language (along with

subprograms and packages). Tasks may or may not communicate with other program units,

and may be assigned different priorities. All tasks, however, have one thing in common:

they are designed for concurrent processing. A machine with three processors can run three

tasks from the same program at the same time. A machine with am e 4= 1 m must

rely on an implementation-dependent scheduler which may not necessarily be "fair"

(Booch, 1987, p. 282). Moreover, most Ada compilers contain some sort of time-slicing
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algorithm that can be used to simulate concurrent processing (the state of the task when its

time slice has expired is saved and it is at that point that the task will resume when it gets

a new slice).

There are two general classifications of tasks: actor tasks and server tasks.

Actor tasks are not called (or "entered") by any other tasks or program units and are thus

continuously active. They may, in turn, activate other tasks with visible entry points.

Server tasks have entry points but cannot activate any other tasks. Tasks which are hybrids

of these two types can be created. (Booch, 1987, p. 283)

Care must be taken to ensure that tasks do not inadvertently corrupt variables

shared with other tasks. For example, Task A uses the value of a variable x in

computations. It must be guaranteed that if Task A is preempted by a higher priority task

or its time slice has expired before the end of the task, then no other task will corrupt x

before Task A can complete its computations.

In a steam generation plant, several events occur simultaneously. Steam flows

through piping systems at the same time as fuel is supplied to the boiler at the same time as

feedwater is pumped into the steam drum. Ada tasks are outstanding tools for modeling the

cause-effect relationships in such a system. For example, when fires go out in a real-world

boiler, steam flow out of the generation tubes is immediately reduced. Two tasks, one

which concerns itself with boiler fires management and another which monitors steam flow

through boiler tubes could run independently yet share a common variable: boiler fire status

(changeable only by the fires manager). Now, instead of having the disjointed nest of if and

case statements and an unrealistic sequence of events common in a sequential processing

system, one can realistically model events which occur concurrently.
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3. Portability and Speed

A machine-dependent artificial intelligence application is useful only as long

as the particular machine is available, affordable, and multi-purpose. Similarly, programs

written in languages lacking a common standard are neither easily maintained nor readily

integrated into other applications written in different dialects of the same language. Lisp

and C are languages in which portability can be a problem. C is generally portable, but

libraries vary from implementation to implementation. Since C is a language of functions,

this can be a difficult problem to overcome (Baker, 1987, p. 40). Lisp has traditionally been

very nonportable (Baker, 1987, p. 40), although efforts have been made to standardize

Common Lisp. Ada is currently the most portable, "although at present this portability is

limited by the availability of Ada compilers and support environments." (Baker, 1987, p.

40) Since an Ada compiler may only be authorized for use in DoD applications if it

conforms to the ANSI/MIL-STD-1815A requirements promulgated by the Department of

Defense, it can be a time and money consuming proposition to build a compiler. There are,

however, several more on the market since Baker (1987), and they are affordable. Ada's

portability was put to the test during the development of BoilerModel. Code for an early

version of the project that had compiled and was successfully running on an 80286 machine

was transferred in ASCII format to a UNIX based Sun system. No changes to the code were

needed for it to compile and run on the new system.

Ada generates code which, while probably somewhat slower than C code, is

markedly faster than Lisp. This comes as no surprise; "Lisp programs are great consumers

of memory and often CPU time." (Baker, 1987, p. 39) One of the design considerations for

Ada was real-time control (for use in embedded systems). To that end, one of the three

goals established by the Ada language teami was efficiency. "Any language construct

whose implementation was unclear or required excessive machine resources was rejected."
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(Booch, 1987, p. 54) Ada's speed would be of great advantage in real-time expert systems,

such as autonomous vehicle control and robot sensor processing.

4. Readability and Maintainability

An argument can be made that Ada code is easier to read than Lisp code for

most people raised on traditional programming (Baker, 1987, p. 43). Its English-like

syntax (no car's or cd's, thank you), minimal use of parentheses, and modular design

certainly enhance its appeal. If the language is more readable, then it will probably be more

maintainable. "Since Ada is a highly structured language, it is easy to maintain the original

structure of the system while modifying pieces." (Booch, 1987, pp. 422-23) Of course, the

bottom line as far as readability goes will probably be personal preference. Ada supporters

claim that an Ada program can be understood easily and translated into other langu ages

(Baker, 1987, pp. 39, 40). In fact, this claim is used to promote the general utility of the

language. Can Lisp supporters make such a claim?

C. ADA vs. LISP -- A CASE-BASED COMPARISON

An early version of BoilerModel (hereafter referred to as ProtoBoiler to differentiate

it from the final version) that did not incorporate Ada's tasking constructs was compared

to the same program written in Lisp. The code for both these programs can be found in

Appendix C. It should be noted here that the Lisp program was written as functionally as

possible to ensure that the comparison fairly evaluated an Ada program against a Lisp

program as they are conventionally written. Tables 5.1, 5.2, and 5.3 synopsize the results

of the test. The Lisp code was written and run in the Allegro Common Lisp environment

in both an uncompiled and a compiled version. The difference in speed is at the expense

of storage (16.2 K vice 36.7 K). Since memory is no longer a consideration for all practical

purposes, this trade-off is worthwhile. Additionally, both Lisp versions have time for

"garbage collection" and "non-garbage collection" use of the CPU. Garbage collection
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means that when usable memory is full, the processor stops what it is doing to recover

unreferenced memory (Baker, 1987, p. 40). Although garbage collection does vary

depending on system usage, it is a real time consumer which must be taken into

consideration. The Ada compiler performs garbage collection only once, at compile time.

All comparisons were made at the same time of day, with similar system loads.

ADA

TIME (SEC)

VALVE TRACE USE SYSTEM TO4AL

FOCV Y 0.3 1.3 1.6

FOCV N 0.0 0.1 0.1

MSS Y 0.1 0.3 0.4

MSS N 0.0 0.0 0.0

FEED STOP Y 0.0 0.3 0.3

FEED STOP N 0.0 0.1 0.1

TESTI* Y 0.7 2.3 3.0

TEST1* N 0.0 0.2 0.2

Storage: code 15799 bytes

executable 229376 bytes

* TESTI closes FOCV, then DESUP-IN, then MSS

Table 5.1
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UNCOMPILED LISP

NON-GC TIME GC TIME
(SEC) (SEC)

m m -
VALVE TRACE USER SYSTEM USER SYSTEM TOTAL

FOCV Y 9.3 2.9 0.9 0.9 14.0

FOCV N 1.0 0.8 0.0 0.0 1.8

MISS Y 3.0 4.7 0.0 0.0 7.7

MISS N 0.8 0.7 0.0 0.0 1.5

FEED STOP Y 2.9 4.6 0.0 0.0 7.5

FEED STOP N 0.7 0.8 0.0 0.0 1.5

TEST1* Y 17.6 5.9 1.7 1.1 26.3

TESTI* N 1.7 0.6 0.0 0.0 2.3

Storage: code 16228 bytes

*TESTI closes FOCV, then DESUP-IN, then MSS

Table 5.2
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COMPILED LISP

NON-GC TIME GC TIME
(SEC) (SEC)

I m 1 I
VALVE TRACE USER SYSTEM USER SYSTEM TOTAL

FOCV Y 3.7 2.3 0.0 0.0 6.0

FOCV N 0.2 0.1 0.0 0.0 0.3

MSS Y 1.1 0.6 0.0 0.0 1.7

MSS N 0.2 0.0 0.0 0.0 0.2

FEED STOP Y 1.0 0.6 0.0 0.0 1.6

FEED STOP N 0.2 0.1 0.0 0.0 0.3

TEST1* Y 7.5 4.1 0.0 0.0 11.6

TESTI* N 0.6 0.2 0.0 0.0 0.8

Storage: code 36710 bytes

TEST1 closes FOCV, then DESUP-IN, then MSS

Table 5.3

Four test cases were used in the comparison. The first three propagated changes

when one valve was closed (Fuel Oil Control Valve in case 1, Main Steam Stop in case 2,

and Main Feed Stop in case 3). The fourth case closed three valves (Fuel Oil Control Valve,

Desuperheater Inlet, and then Main Steam Stop). The four cases represent the major

systems integrated in ProtoBoiler. Each case was run with "'ace" an ad "mac off.

"Trace" enables the user to watch the propagation of values as they occt.. Wik "trae"

off, the user would only see the initial and final plant statuses.
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The Ada program ran consistently faster than either Lisp version. "TESTI," which

closes multiple valves, ran almost nine times faster than uncompiled Lisp and almost four

times faster than the compiled Lisp version (all three with "trace" on). The Ada code

required 15.8 K storage versus 16.2 K and 36.7 K for the uncompiled and compiled Lisp

versions, respectively. The executable Ada program (which runs independently in the

UNIX shell) required 229.4 K. The Lisp code requires the Allegro environment to run.

Although, as previously asserted, memory is not a big concern in the test environment (Sun

SPARCstation with UNIX operating system), the size of the executable code or all systems

required to run the program may be a consideration for other machines. PC's running MS-

DOS or PC-DOS may be limited to executable files less than 640 kilobytes.

D. DATA TYPES AND STRUCTURES IN BOILERMODEL

The code for BoilerModel can be found in Appendix A. The prominent data types

used are simple enumeration types, arrays, and records. The main data structure used is the

linked list. This section will examine in detail BoilerModel's two major records, VALVE

and BOILER. In the course of this examination, all important data types and structures

used in this implementation will be covered.

1. VALVE Record

Type VALVE is a record that contains all the information and parameters

necessary for valve operation in BoilerModel. Each valve in the system is an instantiation

of an access type, VALVEFIR, which points to a valve record. The valves in

BoilerModel are connected in a linked list structure. The fields of type VALVE will be

discussed in this subsection.
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a. VALVE_ID

VALVE_ID is an instantiation of a previously declared enumeration

type, INDEX. It permits identification of an individual valve in the user trace function

since the name of an access type instance cannot be output.

b. UPSTREAM and DOWNSTREAM

UPSTREAM and DOWNSTREAM are arrays of type VALVE_PTR.

They contain pointers to the valves which are immediately upstream or downstream of each

valve. Normally, there is only one valve in each of these arrays; however, some valves,

such as MAIN_STEAM_STOP, act as distributors for several downstream systems or

receivers from multiple sources and thus require several valves in one of the two arrays.

c. COUNTED

The list containing the valves is circularly linked to allow monitoring by

a procedure that checks for flow in the system (to be discussed later). The Boolean

COUNT is used to prevent endless cycling through the list when a single traversal is

needed.

A NEXT

NEXT is the VALVEPTR that acts as the connector in the linked list of

valves.

e. STAT US

The STATUS of a valve is either OPEN or SHUT. OPEN and SHUT are

instances of the enumeration type MEASUREMENTVALUE. PREV_STATUS is the

status of a valve the last time the propagation task looked at it.
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f. Pressure and Flow

Pressure and flow in and out of a valve are maintained as distinct fields.

They are of type MEASUREMENTVALUE and can take on the values of NONE, LOW,

NORM, HIGH, and LIFTSAFE_HI. Each input and output pressure and flow has a

corresponding "PREV"field which holds the value its counterpart held the last time the

propagation task looked at it.

g. SYSTEM

Each valve belongs to one of four systems: STEAMSYSTEM,

AIR-SYSTEM, FUEL-SYSTEM, or FEED_SYSTEM. All systems are arrays of

VALVEPTR. Since it is possible that propagation of values can occur concurrently in two

systems, this field allows the value of COUNTED to be reset in one system without

affecting any other.

2. BOILER Record

Type BOILER is a record of other records. Its constituent members consist of

STEAM_DRUM and WATERDRUM (instances of type DRUM), SUPERHEATER,

DESUPERHEATER, and GENERATION-TUBES (instances of type TUBE), and

FURNACE (an instance of type BOILERFURNACE). The field types (DRUM, TUBE,

and BOILERFURNACE) will be discussed in this subsection.

a. DRUM

Type DRUM is a record whose fields are all instantiations of type

MEASUREMENTVALUE. WATERLEVEL may take on the values NONE,

LOWALARM, LOW, NORM, HIGH, and HIGHALARM. PRESSURE, FLOWIN,

and FLOWOUT are similar in nature to their counterparts in type VALVE. TEMP

(temperature) can assume the values LOW, NORM, or HIGR It has no meaning for the
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water drum (where it is not measured in a real-world boiler), and is not shown on the boiler

status display. There are "PREV_" values for all these fields, as in type VALVE. These

values, however, are not used for propagation purposes, but are used in determining

whether an updated boiler status needs to be displayed.

b. TUBE

Type TUBE is a record that contains values for input and output flow and

temperature of a tube. There is a Boolean, RUPTURE, that is set when a tube is ruptured.

There are "PREV_"values for all these fields. One final element of type TUBE is another

Boolean, DIRECT_HEAT_CONTACT. The procedure that checks for a ruptured tube

must first ascertain whether or not the tube in question comes into direct contact with

flames or combustion gases. If it does not (as is the case of the desuperheater), a rupture

due to inadequate flow through the tube will not occur.

c. BOILERFURNACE

Type BOILERFURNACE contains much of the data needed to

correctly diagnose or propagate casualties. Real-world boiler operators rely heavily on

information directly or indirectly observed from the furnace. The BOILER_FURNACE

fields are detailed in this subsection.

(1) DECKSTATUS. DECKSTATUS indicates whether or not there

is fuel on the deck of the furnace.

(2) FIRMNGRATE. FIRINGRATE measures the intensity of the

boiler fireball, and varies directly with fuel manifold input pressure. FIRINGRATE is one

of the controllers of steam drum pressure. It may take on the values of NONE, LOW,

NORM, and HIGH.
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(3) EXPLOSION. EXPLOSION is a Boolean that indicates the

presence or absence of a boiler explosion.

(4) PERISCOPE. The boiler periscope can give an indication of a white

or black smoke condition or fuel on deck. PERISCOPE can assume the values of CLEAR,

BLACK, ORANGE, or FOGGED.

(5) FIRES_LIT. FIRESLIT is a Boolean indicating the status of boiler

fires, and thus the boiler itself (a boiler is considered off-line when fires are extinguished).

(6) FIREAPPEARANCE. Boiler fires may appear FANSHAPED

(normal) or IRREGULAR. IRREGULAR fire appearance indicates a smoke condition, an

air problem, or a fuel problem.

(7) Previous Values. The above fields have corresponding "PREV_"

fields to facilitate boiler status display updates.

E. BOILERMODEL TASKS

Four tasks drive BoilerModel: PROPAGATE, STEAM_DRUM_MANAGER,

FIRESMANAGER, and TUBE-MANAGER. They are all actor tasks, each embedded in

a loop statement. Thus, once activated, they continually perform updates and constraint

propagation. Since they are all of the same priority, they are scheduled using an

implementation-defined First-In, First-Out ready queue.

It should be noted here that the main procedure of any Ada program is an implicit

task. Procedure MAIN in BoilerModel is no different. It is assigned a higher priority than

any other task so it can perform boiler and plant initialization before propagation begins

(unpredictable and erroneous results occurred when MAIN was assigned a priority equal to

the other tasks). MAIN provides user interface by querying the user about what valve status
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or characteristic to change and displaying boiler status when a boiler parameter has been

changed.

This section will describe the function of the four explicit tasks that are the

workhorses for BoilerModel. The structural relationships of program units can be found in

Appendix D.

1. PROPAGATE

Task PROPAGATE takes a look at current and previous status, pressure, and

flow for each valve in the linked list of plant valves. If a current and previous parameter of

a valve do not match, it must mean that some value was propagated to that valve and must

continue propagating until it reaches a sink (user) or a dead end. To do this, PROPAGATE

calls procedure PROPAGATEVALVEVALUES.

PROPAGATE_VALVEVALUES first determines whether the valve under

consideration is open or shut. If it is open, then output pressure and flow are assigned the

same values as input pressure and flow (much the same as in the simple valve and piping

arrangement in Figure 2.2) If, on the other hand, the valve in question is shut, then output

pressure and flow from that valve is reduced to nothing. Additionally, a determination must

be made as to whether there is flow in the parent system with that valve shut.

PROPAGATE-VALVE.VALUES calls procedure CHECKFORFLOW to make that

determination.

CHECKORFLOW recursively moves upstream one valve and then

performs a depth-first search for an open path to a sink. If such a path is found, one of the

input paramenters, FLOW (a Boolean), is set to true, otherwise, it remains false.

In the case that no path can be found from source to sink in a system, an

overpressurization will occur. Procedure OVER_PRESSURE moves recursively upstream

from the original valve, propagating HIGH output and input pressures. Task
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PROPAGATE will pick up the lack of output pressure and flow from a shut valve and

conduct normal propagation of values downstream.

Procedure PROPAGATE_VALVE_VALUES does two final things. First, it

resets all "PREV_" values for the affected valve. Second, it assigns the output pressure and

flow of the subject valve to each of the valves immediately downstream. Task

PROPAGATE will pick up the changes to these new valves next time through its loop; thus,

constraint propagation through a valve and piping system is effected.

2. STEAM DRUM MANAGER

Task STEAM_DRUM_MANAGER regulates water level in the boiler steam

drum. To do this, it compares the flow into the steam drum with the flow out. The flow

through the boiler tubing itself is controlled by another task, TUBEMANAGER. If there

is more flow into the boiler than flow out, water level will increase first to a HIGH

condition and then to HIGHALARM (signalling a High Water casualty). If the flow out

of the boiler is greater than the flow in, water level drops to LOW, and then to

LOW_ALARM (a Low Water casualty). NORM water level is the equilibrium condition.

STEAM_DRUMMANAGER also controls safety valve operation. If the

input pressure to the VIRTUAL_SHOUTLET is HIGH, then steam drum pressure will

rise to LIFTSAFE_HI and safety valves will OPEN. Safety valves are small in

comparison to stop valves (such as the Main Steam Stop and Auxiliary Steam Stop) on a

real-world boiler. Consequently, steam drum pressure cannot drop from LIFT_SAFE_HI

to NORM instantly. To realistically simulate the slower drop in pressure,

STEAMDRUMMANAGER calls procedure INCREMENTAL-DECREASE.

INCREMENTAL-DECREASE drops steam drum pressure from LIFTSAFE_HI to

HIGH to NORM with delays at each drop. Safety valves will not shut until steam drum

pressure is NORM because safety valves reseat at a lower pressure than they lift.
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Delay statements, which have the effect of blocking and rescheduling a task,

have been added at various points in the tasks. Since the routine to display boiler status is

called from procedure MAIN (an implicit task), strategically placed delays permit a more

comprehensive view of boiler changes.

3. FIRES MANAGER

Task FIRES_MANAGER controls steam drum pressure by regulating firing

rate based on fuel manifold output pressure. In a real-world boiler, an Automatic

Combustion Control (ACC) system regulates fuel and air pressure (and therefore firing

rate) to maintain normal steam drum pressure. The ACC system is one part of the

Automatic Boiler Controls system which was not incorporated in BoilerModel. However,

to mirror real-world boiler operations as closely as possible, boiler firing rate (more

accurately, Fuel Oil Control Valve output pressure) changes only when steam drum

pressure varies from NORM. When drum pressure is greater than NORM, firing rate

decreases; when steam drum pressure drops below NORM, firing rate increases. When

steam drum pressure reaches NORM, firing rate becomes NORM. In a real-world steam

generation system, NORM depends on the boiler loads (NORM is greater when the ship

travels at higher speeds, for example). So, even though the boiler firing rate may not

change quantitatively during the transition from abnormal to normal steam drum pressure,

it does change qualitatively to reflect the new normal fuel and air demand for the changed

steam load.

The boiler furnace parameters are also controlled by FIRESMANAGER via

a set of constraints. The constraints constitute the necessary preconditions for furnace

values to be other than normal. For example, if there is a path for fuel into the boiler and

the fuel is being supplied and fires happen to be extinguished, then the furnace deck will

have fuel on it and the periscope will be fogged. How the constraint values come to be is

58

. .. . . .. . -- - -., mmm m ',m s mm



of no concern to FIRESMANAGER; only the cause-effect relationships across the

furnace subcomponents is regulated. Hence, fuel pressure of NONE to the boiler can result

from task PROPAGATE, while a fire appearance of NONE and LOW steam drum pressure

are effected by task FIRESMANAGER.

4. TUBE-MANAGER

Task TUBEMANAGER controls the flow of water and steam through the

boiler, from the Manual Check Valve output to the Main and Auxiliary Steam Stops.

Figure 5.1 is a schematic representation of boiler flow. TUBEMANAGER ensures

connectivity by assigning values for component input flow based on the appropriate

component output flow.

Mutlual Boiler Bonae
Check N- o Steamn Do Water
Valve Drum DrumTI

VilF r .. : -

valves ie

IF steam
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Figure 5.1
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TUBE_MANAGER calls procedure RUPTUREDTUBE_CHECK for each

of the boiler tube bundles. If the flow into a tube is less than the flow out for an extended

period of time, then tube temperature will rise. If the tube is actively exposed to

combustion gases (i.e., FIRES_LIT:= TRUE and DIRECTHEAT_CONTACT:= TRUE),

then a rupture will occur if flow is not normalized.

F. RESULTS

The results of a comprehensive test run of BoilerModel can be found in Appendix B.

The user interface permits the user to choose between changing a valve characteristic or a

valve status. The characteristics that can be changed are input flow and input pressure.

Each can be changed to none, low, norm, or high. Altering a characteristic allows user

control over what values will propagate and where propagation will start. A change in

valve status more accurately mirrors how an operator can effect changes to the plant: by

opening or closing a valve. Both methods of change were undertaken in the test run.

In all cases, the end results of propagation match the expected results in a real-world

boiler system. This is a good thing, but could have been accomplished without difficulty

using a rulc-based expert system. The model-based nature of BoilerModel, however,

permits the user to incrementally trace changes as they propagate through the system.

Moreover, at any point in time the plant status is relatively accurate; events occur and are

displayed in correct relation to other events. (e.g., propagation of low steam pressure

through the main steam system can occur only after the user can see that something

happened to change steam drum pressure). One of the test cases, shutting the Feedwater

Control Valve, will be examined in this section.

When the Feedwater Control Valve (FWCV) is shut, two things happen that initiate

the causal chain of events. First, since shutting the FWCV in BoilerModel eliminates the

sink for the Main Feed Pump (see Figure 4.3), pressure becomes backed up from the
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FWCV to the pump. Second, no pressure and no flow is propagated from the FWCV

through the Manual Check Valve and into the boiler.

No flow into the boiler with normal flow out results in a low steam drum water level.

Water level continues to drop until it reaches LOWALARM (indicating a Low Water

casualty). Since there is virtually no more water in the steam drum or water drum at this

point, the generation tubes will rupture (because they have no cooling medium). Steam

drum pressure drops as a result of the tube rupture, and this reduced steam drum pressure

(first LOW and then NONE), is propagated through all the steam piping systems. The

periscope becomes fogged from the escaping steam in the furnace.

The volume of steam through the superheater and desuperheater drops to zero, and

this change in flow is also propagated through the steam systems. Boiler fires are still lit

and the superheater has no steam flowing through it. Like the generating tubes, it requires

this flow to carry heat away. Without the flow, the superheater also ruptures.

The chain of events which occurred when the Feedwater Control Valve was shut

accurately reflects what could happen in a real-world boiler if the same valve were shut and

not immediate or controlling actions were taken.
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VI. CONCLUSIONS

Model-based reasoning is an effective and efficient method for implementing steam

plant engineering training. BoilerModel accurately represents physical components and

executes concurrent real-world activities. It provides a usable output that shows how

values are propagated through various systems. Answers to the questions posed in the

thesis introduction will be examined in this chapter, along with other observations'

problems encountered, and recommendations for future work in this area.

A. QUESTIONS ANSWERED

1. Boiler and Steam Plant Modeling

Expert systems can be developed to efficiently and effectively model a

propulsion boiler system. Rule-based systems could conceivably be built to correctly

diagnose all casualty situations, but they have several shortcomings. First, they cannot

reason beyond the limits of their rule bases. They are, therefore, limited by the knowledge

of subject matter experts. Second, the number of rules required for such a system would be

enormous because a great deal of them would be required to verify sensor accuracy.

Moreover, the large number of rules would slow the expert system down (possibly to the

point of uselessness). Third, modifications to the system (including expansion into a steam

plant-wide domain) could require substantial alterations to the rule base. Such changes

might result in redundant or contradictory rules.

BoilerModel is a streamlined expert system that does not rely an a bank of rules

to determine plant status. Instead, it uses cause-effect relations and itn.mponent

behavioral rules to propagate values to their logical conclusions. Since BoilerModel places
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all emphasis on components and propagation along component connections, modification

is simply a matter of modeling new devices and connecting them into the existing system.

Therefore, expanding BoilerModel into a larger steam plant model is only as difficult as

modeling the additional components.

2. Qualitative Modeling

Designing BoilerModel in the qualitative paradigm posed no problems. In fact,

it may have been easier than doing so using actual FF 1052/1078 plant parameters because

inexact state descriptions (HIGH, NORM, etc.) require no complicated mathematical

formulae. Moreover, qualitative modeling of this project carries two advantages over

mathematical or numerical modeling. First, BoilerModel can be used effectively as is by

engineering personnel assigned to ships with different types of propulsion boilers and

different plant configurations. The general sequence of events that occurs when the

feedwater inlet to the boiler is shut is the same for all steam propulsion plants; only the

parameters vary. Additionally, because of the component-oriented nature of model-based

systems in general and the modularity of BoilerModel in particular, the code can be

manipulated to add and remove components or to rearrange valves and piping

configurations with very little difficulty. So, although BoilerModel is based on a frigate's

steam generation system, it can be modified to match any other steam platform.

The second advantage a qualitative boiler model has over a mathematical one

is that the real-world users of the model are plant operators, not mechanical engineers.

Although both officer and enlisted watchstanders must know some plant-specific

parameters, no one is required to know all of them. One reason is that there are many

measurable parameters. Instead of requiring an operator to remember them all (and

possibly forget some), engineering guidelines dictate the use of markers (such as red tape)

on measuring devices (gauges and thermometers) to indicate the maximum acceptable high
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or low values. A watchstander can then scan his or her gauge board and observe the

relationship of the actual value to the max (or min) for that sensor. In other words, the

watchstander makes qualitative observations; values are low, high, or normal with respect

to the delimiting marker.

3. Modeling in Ada

Ada proved to be a versatile modeling tool. It provided fairly tight and very

fast code. It can be used procedurally or functionally, and is very portable. Lisp code, on

the other hand, ran considerably slower than Ada code in the case-based comparison.

Moreover, the Lisp code proved more difficult to troubleshoot because it produced run-

time errors which, while traceable (using the Lisp "trace" function), were not nearly as easy

to locate and correct as compile-time errors in Ada.

Lisp is one of the dominant expert system modeling languages. Should it

remain so? To answer yes, a Lisp proponent must provide clear advantages for that

language over other contenders. This thesis proposes Ada as a language for use in thefidl

development of artificial intelligence applications, from prototype to finished product. The

only thing Ada lacks is true inheritance in object-oriented programming. That is only

temporary; at least one preprocessor, Classic-Ada, allows full use of object-oriented

techniques. When tools such as this one are widely available and become a defacto part of

the DoD standard, then Ada will truly be an all-purpose language.

4. Affordability

Since BoilerModel was developed in Ada, affordability for shipboard use is

based on three considerations. First, the initial purchase of an Ada compiler for the PC or

Macintosh that can handle the large, numerous global variables inherent in the model.

Since Ada is so portable, very little modification to existing code would be required for a

changeover from UNIX to MS/PC-DOS or the Macintosh operating system. Second, ships
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must be equipped with the hardware necessary to run the executable version of

BoilerModel. Specifically, PC's or Mac's (preferably laptop versions) need to be

accessible to engineering personnel. Third, if this model is to grow any larger than it is,

someone needs to make it happen.

The first two considerations involve minimal costs that can easily be reconciled

in any budget. The third consideration may involve man-hours (years) diverted toward

project development, although some costs can be defrayed by using available research

institutions (such as the Naval Postgraduate School).

B. OTHER OBSERVATIONS AND PROBLEMS

Observations were made and problems encountered during the design and

development of BoilerModel that were not directly tied to the thesis questions. They will

be discussed in this section.

1. Compiler Problems

As detailed in an earlier chapter, BoilerModel's complement of global

variables prevented the use of Meridian's standard sized Ada compiler for the PC. This

proved to be only a temporary snag; Ada's portability resulted in trouble free transfer to the

Verdix Ada compiler on the Suns (although the user-friendly Meridian editing environment

was sorely missed).

2. Incomplete Model

The boiler is probably the single most complicated component to model in the

steam plant. There are several valves and subsystems that exist in real-world boiler systems

but have not been built into BoilerModel. The reason for this lies with the goal to get a

working model in Ada completed first. The supporting boiler systems (most notably the

Automatic Boiler Control systems) can be added later. To its credit, BoilerModel provides
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a detailed representation of a propulsion boiler that accurately propagates value changes to

their logical conclusions.

3. Naval Reserve Training

Roughly twelve FF-1052 class frigates are scheduled for reclassification as

"FT," or Frigate Trainers. Their function will be to train Naval Reservists on their weekend

drills in a non-adversarial environment. Since the typical reservist is not exposed to more

than roughly sixteen hours of shipboard duties per month, a portable, computerized trainer

could maximize casualty control training while minimizing well-intentioned "mistakes"

typical of undertrained deckplate sailors.

4. OPPEILOE

All ships must undergo two periodic engineering inspections: the Operational

Propulsion Plant Examination (OPPE) and the Light-Off Examination (LOE). Normally,

sufficient underway time is allotted for OPPE preparation; however, since part of the exam

is materiel readiness, a substantial amount of work at a repair facility is also required.

Light-Off Exams are required after extensive yard periods, during which the ship cannot

get underway to conduct realistic training. A shipboard training complement like

BoilerModel could constructively use the inport time to prepare watchstanders for these

inspections.

S. Other Propulsion Piants

Steam ships are fast becoming an anomaly. With the decommissioning of the

Knox class frigates, the Adams and Farragut/Coontz class guided missile destroyers, and

the battleships, the only steam driven platforms left will be auxiliaries, cruisers, some

amphibious ships, and a handful of aircraft carriers. However, the concepts of model-based

66



design employed in BoilerModel transcend propulsion type and can therefore by applied to

both gas turbine and diesel plants.

C. FUTURE WORK

Future work in BoilerModel can extend in several (non-mutually exclusive)

directions. First, the boiler itself should be modeled in greater detail, incorporating

subsystems (ABC, ACC, etc.) not included in this implementation. This would provide

greater reliability as a diagnostic tool and greater accuracy as a training system.

A natural follow-on to the first suggestion would be to expand the scope of

BoilerModel to cover the entire engineering plant. The groundwork for value propagation

through valves and piping systems has already been laid, and the most complex component

(the boiler) has already been modeled. Pumps can be modeled as classes in an object-

oriented approach. This would be very useful because, although all pumps share certain

characteristics, different types (centrifugal, positive displacement, jet) move fluids

differently and therefore have varying intra-component relationships.

A third suggestion for future research is to incorporate BoilerModel into some sort of

training or diagnostic system usable in the fleet (hopefully while there are still steam plants

to operate). Since BoilerModel relies on model-based reasoning principles, little time need

be spent interviewing experts regarding boiler operations. Energies can be devoted to

developing an effective student model and a useful student interface.

A final suggestion for future work would be to incorporate BoilerModel (and any

improvements to it) into the Argos paperless ship project as a stand-alone training module.

The focus for this work could be a graphics and sound replacement for the textual user

interface presently implemented. Boiler operation would then be realistically modeled and

realistically presented. As a side effect, a sharp video presentation would probably enhance

the appeal of the model to potential users.
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APPENDIXK A (BoilerModel CODE)

with SYSTEM;
use SYSTEM:
package VALVES.AD.PIPING is

type INDEX is (VSH, MSS, ASS, DESUP.JN, SH-PROTJN,
SAFETIESAIR-REG, SHUTTERS, FUEL..MAN, FOCV,
FO...RECIRC, FOSP...DISCH, FEED-.STOP, FWCV,
MAN..CHK, BLEED, AUG. FDBJlN, ONEYIFTYJlN,
PMACJIN, ERBLKHD..STOP, AMR.BLKHD-.STOP,
MFP-STM..SUP);

typ MEASUREMENT-VALUE is (NONE, LOWALARM. LOW, NORM,
HIGH, LIFSAFELII, HIGH..ALARM, UEL...ON-DECK,
NO-FUEL-N.DECK. ORANGE, BLACK CLEAR,
FOGGED, FAN-SHAPED, IRREGULAR, OPEN, SHUT);

type VALVE;
type VALVEFiR is access VALVE;
type VALVE_PTRARRAY is array (1..10) of VALVEYTR;.

type SYSTEM_ARRAY is array (POSITIVE range o>) of VALVE.YTR

TRACE: BOOLEAN:= FALSE;

type SYSTEM_.ARRAYPTR is access SYSTEM&.ARRAY;,

STEAMSYSTEM: SYSTEM...ARRAY...Fr:= new SYSTEhLARRAY(1.. 14);
AIR.SYSTEM: SYSTEM..ARRAY-FrR:= new SYSTEM...ARRAY(1.2);.
FUEL-SYSTEM: SYSTEMARRAY_FIR= new SYSTEMARRAY(1.A);
FEED...SYSTEM: SYSTEMARRAY.YTR- new SYSTEM..ARRAY(l..3);

type VALVE is

VALVE-JD. INDEX;
UPSTREAM: VALVEPIRARRAY;
DOWNSTREAM: VALVEPIWARRAY;
COUNTED. BOOLEAN:= FALSE;
NEXT: VALVE_IR;
FREV-STATUS: MEASUREMENT-VALUE-m OPEN;
STATUIS: MEASUREMENTYALUE=m OPEN;
PREVJNqPUT-PRESS: MEASUREMENT-VALUE:= NORM;
INPUT-PRESSURE: MEASUREMENTVALUE:m NORM;
PREV-INPUT-FLOW: MEASUREMENT-VALUEm= NORM;
PREV-OUTPUT-FWOW: MEASUREMENT-VALUE- NORM;
9NPUT-LOW: MEASUREMENT-VALUE:= NORM;
OUTPUT-PRESSURE. MEASUREMENT -VALUE-= NORM;
FREV UWrrUT PRESS: MEASUREMENT _VALUE:m NORM;
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OUTrPUTFLOW: MEASUREMENT _ALUE:= NORM;
SYSTEM: SYSTEMARRAYPTR;

ajid record;

VIRtTUAL-Sf! OUTLET: VALVE flR= new VALVE;
MAN-STEAM-.STOPR VALVE-ITRh= new VALVE;
AUX...SThAM_$..STP VALVEPTR:- new VALVE;
DESUPERHEATER INLET: VALVEYMR= new VALVE;
SUPERHEATER-ROTECTION3IE: VALVELPTR:= new VALVE;
SAFETY-YALVES: VALVEJFTR:= now VALVE;
AMREGISTERS: VALVEYFR.= new VALVE;
AIR..SHLTrERS: VALVE.Y TR:= new VALVE;
FUEL-4ANIFOLD: VALVE-PTR:= new VALVE;

UEL_01L..CONTROLVALVE: VALVE-PIR:= new VALVE;
FUEL...RECIRC: VALVEPTR:= new VALVE;
f4OSVC-PUMPDISCH: VALVEPTR:= new VALVE;
FEED..STOP.VALVE. VALVEPTR:m new VALVE;
FEEDWATER-CONTROLVALVE..yrR:= new VALVE;
MANUALCHECKVLV: VALVEPIR:= new VALVE;
BLEEDER: VALVEPIR:,= new VALVE;
AUGMENTOR: VALVEPTR:= new VALVE;
FDBJNLET: VALVE-PTR:= new VALVE;
ONEFWYNLENIT: VALVEYIPR:ui new VALVE;
PMACJNLET: VALVE.YT:= new VALVE;
ER...BULKHEAD-STOP VALVELPTR: new VALVE;
AMR-BULKHEADSTOP. VALVEPM:- new VALVE;
MNPSTM...SUPPLY: VALVEPR:= new VALVE;

Procedure FEL..SYSTEM-ARRAYS;
Procedure ASSIGN-VALVE..ORDER;
procedure SHOW-VALVESTATUS (AFFECTED: in out VALVE-PR);-rcdr IBrrALE-LANT;
procedure CHECK.YORFLOW (VALVE"JN: in out VALVE..PTR;

FLOW: in out BOOLEAN);
Procedure OVER-PRESSURE (AFFECTED: in out VALVELYTR);
task PROPAGATE is

pragm PRIORITY(I);
end PROPAGATE;

end VALVES.ANDPIPING;
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with TEXTjo,

use TE)CUO"

packag body VALVES-.AND-.PIPING is

package INDEX_10 is new ENUMERATION-IO (INDEX);
use INDEX JO;

package MEASUREMENTJO0 is new ENLUMERATION-10
(MEASUREMENT VALUE);

use MEASUREMENT-Ia.

- Procedur FIL..SySTENLARRAyS till steam, fuel, air
- and feed system wrays with the valves in those systems

pocedure FILL,_SYSTEIVLARRAYS is

begin
STEAMSYSTEM( 1):- VIRTUAL..SH...OULhET
STEAI&.SYSTEM(2):= MAIN..STEAM..STOP;
sTEAm..sysThm(3): AUX..$TEAM-S.TOP;
S7EAM_.SYSTEM(4):- DESUJPERHEATERJ NLET,
STEAM..SYS1EM(5):= SUPERHEAThRJyROTECTIONJNLRET;
STEAMSYSTEM(6):= SAFETYY ALVES;
STEAM-.SYSTEM(7):m BLEEDER;
STEAM-.SYSTEM(S):= AUGMENTOR;
STEAM_.SYSTEM(9):= FDB..INLET;
STEAM-.SYmTM(I0):= ONEfUrYJN.EI';
STEAM_.SYSTEM(1 1):- PMACJNLET;
STEAMSYSTEM(12):= ER-.BULKHEADSTO]P;
STh-AM...SYSTEM(13):- AMBULADSTOP,
STEAM..SYS7EM( 14):- Pl STM..SUPPLY;

AER..SYSTEM(1):- AIR..SHUTFERS;
AIR..SYSThM(2):= AIR_.REGISTERS;

FUELSYSTEM(1):- OS VC-PUMP-V.ISCH;
FUEL..SYSTEM(2):- FUEL..01L..CONTROL.yALVE;
FUEL-SYSTEM[(3):- FUEL-RECIRC;
FUEL..SYSTEM[(4):- FUEL-MANIFOLD;

FEED...SYSTEM(1):- FEED-.STOPYALVE;
FEED..SYSTEM(2):a' FEEDWATER..CONTROL;
FEED..SYSTEM[(3):- MANUAL...HECKYLV;

end FILL..$YSTEM-.ARRAYS;
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-- Poccdur ASSIGNVALVE_.ORDER, fill the upstream and
-downsucun arrays of each valve with those valves which
-are immediately upstream and downstream
-(respectively)

procedure ASSIGNVALVEORDER is

VmUA.SHQ.unET.DOWNSTREAM(l):- MAIN-.STEAM..SO~

VIRIUAL..jILOUTLETDOWNSTREAM(2):= DESUPERHEATERJNLEr,
MAIN-STEAMSTOP.UPSTREAM(I):- VIRUASHOLJ ET;
MAIN-STEAM_.STOPDOWNSTREAM(I):= ER-BULKHEAD_.STOP;
MAIN_.STEAMSTOP.DOWNSTREAM(2):= AR.BULKHEADLSTOP;
MAlN STEAMSTOP.DO WNSTREAM(3):= MFP..STNoLSUPPLY;
DESUPERHE-ATERJNICr.UPSTEEAM(l):= VIRTUAL..SHLOLITLET;
DESUPERHEATERNEJ)OWNSTREAM(l):- AUX-.STEAM-,STOP.,
DESUPMRHE*ATERNLE.DOWNSTREAM(2):- BLEEDER;
AUX..STEAM-SrOP.LJPsTREAM(l):= DESUPERHEA7ERINLE;
AUXSTEAMSTOP.DOWNSTREAM(l):= AUGMENTOR;
AUX_.STEAM_.STOP.DOWNSTREAM(2):. FDBJNLE;
AUXSTEAM..$TOP.DOWNSTREAM(3):- ONEl_FIFTY_INLET
AUX...STEAMSTOP.DOWNSTREAM(5):- PMACINLET;
AIRREGISTERS.UPSTREAM(l):= AIR.SHUTTERS;
A1R-.SHUTTERS.DOWNSTREAM(l):= AMR-.REGISTERS;
FUEL-4ANEFLD.UPSTREAM(l):= FUEL_..1L..CONTROLVALVE;

FLEL..01L..CONTROLyVALVE.UPSTREAM(1):= FQ.SVC-tJUvW..DISCH;
FUEL..0L-CO-NTROLYALV.DOWNSTREAM(l):= FUEL-MANIFOLD;
FUEL-OL.CONTROLVALVEJDOWNSTREAM(2):= FUEL..RECIRC;
FUEL..RECIRC.UPSTREAM(I):- FUELOIL_-CONTROLVlALVE;
FUEL-.RECIRC.UPSTREAM(2):- REL-MANIFOLD;
POSVCPJMPDISCH.DOWNSTREAM(l):= RJEL-OL-.CONTROLYALVE;
FEEDSTOPYALVE.DOWNSTREAM(l)m FEED WATERCONTROL;
FEEDWATE.R.CONTROLUPSTREAM( 1):- EED-STOP VALVE;
FEEDWATER-CONTROLDOWNSTREAM(l).= MANUAL.CHECKY-LV;
MANUAL..CHECKVLV.UPSTREAM(I):= FEEDWATER..CONTROL;,
BLEEDER.UPSTREAM(l):. DESUPERHEATERINLET;
AUGMENTOR.UPSTREAM(l)-= AUX_$TEAM..STOP,
FDBJLtM.UPSTREAM(l):- AUX-STEAM-SFOP;
ONEYFFTYNLET.UPSTREAM(I):=- AUXSTEAM-.STOP,
PMAC-NLET.UPSTREAM(l):= AUX...STEAM-.STOP,
ER..BULKHEAD-.STOP.UPSTREAM(l):- MAIN-STEAM..STOP
AMR-.BULKHEAD...STOP.UPSTREAM(I):= MAINSTEAMvLSTOP.
MFP-STM...SUPPLY.UPSTREAM(1):- MAIN-.STEAMSTOP;

end ASSIGN-VALVELORDER;
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- procedure SHOW-VALVE-.STATUS provides a ura= to the user
- (if deujied) to show the effects of propagation after a system change

ismade -

prmcedure SHOWYALVESTATUS (AFFECTED: in out VALVEYF) is

ROW..COUNT: NATURAL:= 1;

NEWJINE;

SEL-COL(17);
PUTC'STAThJS");
SET-COL(24);
PTCINPUT PRESS");
SETCOL(40);
PUTCINPUT FLO";
SET-.COL(52);
PUTCX"OIrP PRESS5");
SET-COL(67);
PUFLOW");
SET-COL(17);

SET...COL(24);

SET-.COL(40);
PUTC-;
SET-.COL452);

SET-.COL(67);
PM("-");
NEWJINE;
PUT(AFFECrED.VALVEL]D);
SET-.COL(17);
PUT(AFFECTED.STATUS);
SET_.COL(24);
PUT(AFFECTEDDNPUTYPRESSURE);
SET-.COL(40);
PU(AF DNPMFLOW);
SET-.COL(52);
PUT(AFFECTED.OUTPUT-PRBESSUR-E);
SET..COL(67);
RY1(AFFECrED.OUTPUTr.YLOW);
NEWLME
delay 0.0;

end SHOWYVALVESTATUS;
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- Procedure INITALIZE_PLANT sets the valves in the plant to
- the cowect setting for steady-state staming. It also identifies each
- valve with anID (for printing or reference) and identifies the
-- system with which the valve is associted

pocdure INITIALIZEJ'LANT is

begin
VIRT AL.SHOUTLET.VALVEID:- VSH;
VIRTWAL-.SHOLTrET.NEXT:= MAIN-STEAvLSTOP;

A VIR UAL..SHOUTLET.SYSTEM:- STEAM-LSYSTEM;
MAIN...STEAI&.STOP.VALVE-WD:= MSS;
MAINSTEAM_.STOP.NEX:= AUXSTEAMSTOP,
MAINSIhAM..STOP.SYS7EM:= STEAM..SYSTEM;
AUX..STEAM-SrOP.VALVEJD:)= ASS;
AUX-STEAM.ONX: DESUPERHEATER-INLET;
AUXSTEA&.STOP.SYSTEM:- STEAM-.SYSTEM.
DESUPERHEATER.INLET.VALVEJD:= DESUPIN;
DESUPERHEATERjINLET.NEXT:= SUPERHEATER-PRO7EC'flONJINLET;
DESUPERHEATERJINLETSYSTEM:= STEAM-.SYSTEM;
SUPERHEA ,TER-PROTECTIONJINLET.VAL VE-1D:= SH-YROTJIN;
SUPERHEATER.Y R0TECTI0NJNLET.NEXT:= SAFETY-VALVYES;
SUPERHEATER-PROTECrIONJNLUr.PRV.STATUS:= SHUT;
SUPERHEATER-PROTECflONJNPLET.STATUS:= SHUT;
SUPERHEATERPROTECTINjNLET.SYSTEM:= STEAMSYSTEM;
SUPERHA1ER-ROTEHONLET.OTFPLY-LOW:= NONE;
SUPERHEATERPROTECHIONJ LET.PREVOT1UTFLO)W:= NONE;
SUPERHEAhRPROTECrIONjULET.OUPUrYRESSURE:= NONE;
SUPERHEAERPROTEcnONJLET.PEV-OUPUYRESS:= NONE;
SAFETY...ALVES.VALVE-DM- SAFETIES;
SAFETY-YALVES.NEXT:= AIR&HSTERS;
SAFETYyALVES.fl&EV..STA7hS:= SHUT;
SAPETY-YALV.SSTATUS-- SHUT;
SAFETY-VALV' S.SYSTEM:= STEAMS$YSTEM;
SAFFTYYALVES.OUTPUTLOW:- NONE;
SAP TY-Y.ALVE&.PREV..OUPUT-LOW:= NONE;
SAP TYYALVES.OUrPUTryRESSURE-= NONE;
SAPYYALVESPEV...OUrTrtRESS:- NONE;
AIR..REGISTERS.VALVE-D.= AM-REG;

* A1R.REGJSTERS.NEXT:=- AIR.SHUTFERS;
AIR.REOISTERS.SYSTEM:m AIRSYSTEM;
AR.SHUYFIERS.VALVE-Zth SHU71tERS;

* AI.SHUTrTERS.NEXT:=- FUEL..MANIPOLJD,
AIR..SHUTTERS.SYSTEM:= AIR.SYSTEM;
FUIEL-MANIFOLD. VAL VE ID:- FUEL-MAN;
FUELMANIFOLDNMEXm UEL-..QL_.CONTROLVALVE;
FUEL-MANIFOLD.SYSTEM:- FUELSYSTEM;
PEL-.OICONTROL3 -ALVE.VALVEJID= R)CV;
FUELOILCONTROL.YALVE.NEXT:-= FUEL..RECIRC;
FIJELOELCONTROLYtALVESYSTEM:- FUEL-SYSTEM;.
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FUELRECRCVALVEJD:= P0_RECIRC;
FUEL-REClRC.NEX(T:= P0_SVCPUMPDISCH;
FUEL RECIRC.PRE V-STATUS:= SHUT.
FUEL..RECItC.STATUS:= SHUT;
FUE..RECIRC.OUTPUT-LOW:- NONE;
FLIEL...RECIRC.PREV...OU7hUT_-FLOW:= NONE;
FUEL.RECIRC.OUPUT_.PRESSURE:- NONE;
FLJEL -RECIRC.PREV..OUPUITPRESS:= NONE;
FUEL RECIRCSYSTEM:= FUEL-SYSTEM;
P0_SVC_PUMP..DISCH.VALVEID:= FOSP_-DISCH;
FO.,.SVC..PUMP-.DISCH.NEXT= FED..STOP.YALVE;
FCLSVCYPUMP_.DISCH.SYSTEM:- FUELSYSTEM;
FEEDSTOP.YVAL VE.ALVELID:= FEEDSTOI,
FEED STOP3_ALVENEXT:= FEEDWATERCONTROL;
FEED STOPYAL VE.SYSTEM:= FEEDSYSTEM;
FEEDWATER&CONTROLVALVE-JD:= FWCV;
FEEDWATER...CONTROL NEXT:- MANLJAL...CHECKYLV;
FEEDWATER_CONTROLSYSTEM:= FEEDSYSTEM;
MANUAL...CHECKVLV.VALVEjDD:= MANCHK;
MANUALCHECK_VLV.NEXT:= BLEEDER;
MANUAL_CHECK_VLV.SYSTEM:= FEEDSYSTEM;
BLEEDER.VALVE-jD:= BLEED;
BLEEDER.NEXT:= AUGMENTOR;
BLEEDER.PREV..STATUS:= SHUT;
BLEEDER.STATUS:- SHUT;
BLEEDER.OUTPUTFLOW:- NONE;
BLEEDER.PREV OUTPUTFLOW:= NONE;
BLEEDER.OUTPUTK1ESSURE:= NONE;
BLEEDER.PRE V.OUTPUT-PRESS:= NONE;
BLEEDER.SYSTEM:- STEAM-SYSTEM;
AUGMENTOR.VALVEJD:= AUG;
AUGMENTOR.NEXT:= FDBJNLET;
AUGMENTORSYSTEM:- STEAM-.SYSTEM;
FWBJNLET.VALVEJD:- FDBIN;
FDBjNL.ETNEXT:- ONEIFr7Y-NLET;
FDBJNLET.SYSTEM:= STEAMSYSTEM;
ONE-FfIYJNLET.VALVEID:= ONEJF7YJN;
ONE.FFYfJNLETNEXT:= PMACJqL.ET*
ONE.FfYRLET.SYSTEM:w STEAM-SYSTEM;
PMAC3IEIM.VALVEID,= PMACJN;
PMACJN4LETNEXT:= ERBULKHEAD...TOP.
PMACLET.PREV-STATUS:= SHUT;
PMACjNLETSTATUS:- SHUT;,
PMACJNLET.OtnTPVTFLOW.-= NONE;
PMACIN4LETPREV..0UT?U _FLO)W:= NONE;
PMACJNLET.OUTflUTPRESSURE:= NONE;
PMACLET.PEVOUPUT_PRESS:= NONE;
PMACJNLET.SYSTEM:- STEAM-.SYSTEM;
ERBULKHEAD..STOP.VALVE-D:- ER-.BLKHDSTOP,
ERBULKHEAD-STOPNEXT:= AMR-BULKHEADSTOP*
ERBULKHlEAD-STOP.SYSTEM:w STEAMSYSTEM;
AMR)BULKHEAD..STOP.VALVEJD=- AMRBLKHIDSTIOP,
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ARBULKHEAD: STOP.NExT:= mFPSTMS~UPPLY;
AMR.BULKHEAD-STOP.SYSTEM:= STEAMSYSTEM;
MFP...STMSUPPLY.VALVEID:= MFP..STMSUP;,
MFSTMSUPPLYNEXT:= VIRTUALSH_OUrhET;
MFP...STMSUPPLY.SYSTEM:= STEAM_ SYSTEM;

end IWlTALIZELPLANT;

-Procedure CHECK .FORYFLOW ascertains whether or not
dmthr is still a flow path in a system after a valve's status has

-been changed

procedure CHECKFORFLOW(VALVEJIN: in out VALVLyrR;
FLOW: in out BOOLEAN) is

COUNT, COUNT2:. NATURAL:= 1;

begin
VA1NEIN.COUNTED:= TRUE;
if VALVE-JN.STATUS = OPEN and VALVEINDOWNSTREAM(1) =null then

FLOW:= TRUE;
else
if VALVE_-IN.STATLJS = OPEN then

while VALVEIN.DOWNSTREAM(COUNT) /-- null loop
if VALVEJIN.DOWNSTREAM(COUNT).COUNTED = FALSE then

CHECKFORFL-OW(VALVEJ-N.DO)WNSTREAM(COLJNThFLOW);
end if;,
COUNT:= COUNT + 1;

end loop;
end if-,
if FLOW - FALSE then

while VALVEJN.UPSTREAM(COUNT2) /= null loop
CHECKyFORFLOW(VALVEJN.UPSTREAM(COUN12), FLOW);
COUNT2= COUNT2 + 1;

end loop;
end if;

end if;
end CHECICFOR-FLOW;

-Procedure OVER-PRESSURE will create an overpreassmizazion
in asystm which is supplied pressure but which has no flow

Procedure OVER-PRESSURE(AFFECTED: in out VALVELTR is

COUNT: NATURAL:= 1;

begin
if AFFECrED.INPUT.YRESSURE < HIGH and AFFECTED. VAL yELID 1=SAFETIES then

AFFECTED34INPPRESSURE:= HIGH;
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while AFFECTED.UPSTREAM(COUNT) /= null loop
AFFECFED.UPSTREAM(COUN'I).OUTPUT-PRESSUIRE:= HIGH;
if AFFECTED.UPSTREAM(COUNT).STATIJS = OPEN then

OVERYRESSURE(AFFECrED.UPSTREAM(COUN1));
end if,
COUNT-= COUNT + 1;

en lo;
if TRACE - TRUE then

SHOW-.VALVE..STATUS(AFFECIED);
end if-,
AFFECTEDYREVJ1NPUTPRESS:= AFFECTED.INPUTY.RESSURE;

end if,
end OVER-PRESSURE;

-Procedure PROPAGATEVALVE,_VALUES propagates
-new system values through the upstream/downstream lattice
-when a valve's status has been changed. It calls
-CHECKYFOR..FLOW and OVERPRESSURE (as needed)

procedure PROPAGATE-VALVEYALUES (AFFECTED: in out VALVELPTR) is

COUNT: NATURAL:= 1;
FLOW: BOOLEAN:= FALSE;

begin
if AFFECTED.STATLJS a OPEN then

AFECTED.OUTPUTYIPRESSURE:= AFFECTED JNPYF PRESSURE;
AFFECTED.OUTPUTLOW:=- AFFECTE1DNPUT-FLOW;
if TRACE = TRUE then

SHOW-YALVESTATUS(AFFECTED);
end if;

else
AFFECED.OTUT-FLOW:= NONE;
AFFECTED.OUTPUTFYRESSURE:= NONE;
if TRACE = TRUE then

SHOWYVALVESTATUS(AFFECTED);
end if;
CHECK_..R)RLOW(AFFECTED. FLOW);
if FLOW - FALSE then

OVER-YRESSURE(AFFECTED);
end if,
for i in L.AFFECTEDSYSTEM'LENGTH loop

AFFECIEDSYSTEM?i).COUNTED:= FALSE;
end loop;

end if.
AFECEDPREVSTATUS:= AFFECTED STATUS;
AFFECIED-PREV-INPTyRESS:u. AFFECTED INPUT.YRESSURE,
AFFECTED.PRE VJNPUTFLOW:= AFFECTED.INPUT.. FLOW;
while AFFECTED.DOWNSTREAM(COJNT) /= null loop
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AFFECTED.DOWNSTREAM(COUNT).INPUT FLOW:= AFFECTED.OUTPUTFLOW;
AFFECrED.DOWNSTREAM(COUNT).INPUTPRESSURE:=

AFFECTED.OUTPUTPRESSURE;
COUNT:= COUNT + 1;

end loop;

end PROPAGATE_VALVE_VALUES;

- Task PROPAGATE continuously monitors all valves in the
-- system and calls PROPAGATEYALVE_VALUES whenever
- input pressure, input flow, or output flow changes, or when
-- a valve's status is changed

task body PROPAGATE is
CURRENT: VALVEPTR:= VIRIUALSHOUTLET;

begin
delay 1.0;
loop

if CURRENT.STATUS /- CURRENTPREV_STATUS or
CURRENT.INPUT_PRESSURE /= CURRENTPREVJNPUT_PRESS or
CURRENT.NPUTFLOW /= CURRENTYPREV_INPUT_FLOW then

PROPAGATE.VALVEVALUES(CURRENT);
end if-
CURRENT:= CURRENT.NEXT;
delay 0.01;

end loop;
end PROPAGATE;

end VALVESANDPIPING;
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with VALVESAND-PIPING, SYSTEM;
use VALVES,..AND-PIPING, SYSTEM;
package BOILERMODEL is

typ DRUM is
record

WATER..LEVEL: MEASUREMENTYALUE;
PRESSURE~ MEASUREMENTYALUE;
FLOWIN: MEASUREMENT-VALUE;
FLOW.-OUT: MEASUREMENiL VALUE;
TEMP. MEASUREMENT-.VALUE;
PREVWATERLEVEL: MEASUREMENT_-VALUE;
PREVPRESSURE: MEASUREMENTVYALUE;
PREV-FLOWJIN: MEASUREMENT VALUE;
PREVFLOW..OUT: MEASUREMENT VALUE;
PREVJTEMP: MEASUREMENT._VALUE;

end record;1

type TUBE is
record

FLOW-IN: MEASURE? NT.VALUE;
FLOWUT: MEASUREMENTYALUE;
RUPTURE: BOOLEAN:= FALSE;
TEMP MEASUPSEMENTYALUE;
PREVFLOW-IN: MEASUREMENTLVALUE;
mRVYOwOur: mEAsuRmENLVALUE;

PREV-RUFEURE: BOOLEAN:- FALSE;
PREVLTEMP: MEASUREMENTYALUE;
D[RECT-J{EATCONTACT: BOOLEAN;

end record;

type BOILER.YURNACE is
record

DECK-STATUS: MEASUREMENTYALUE;
FRNO-.RATE: MEASUREMENT-VALUE;

EXPLOSION: BOOLEAN:= FALSE;
PERISCOPE bWASURENMENT-VALUE;
FIRtES.LIT: BOOLEAN:- FALSE;

FE..APPEARANCE: MEASUREMENTYALUE;
PREV..DECKSTATUS: MEASUREMENTVALUE;
PREV.YIRING...RATE: MEASUREMENTYALUE;
PREV..EXPLO)SION: BOOLEAN:= FALSE;
PREVPERISCOPE: MEASUREMENTVALUE;
PREVFWRESjJT: BOOLEAN:= FALSE
PREVjmIE..APPEARANCE: MEASUREMBENLVALUE;

end record;

78



type BOILER is
record

STEAM-DRUM: DRUM;
WATER DRUM: DRUM;
SUPERHEATER: TUBE;
DESUPERHEATER: TUBE;
GENERATIONJUBES: TUBE;
FURNACE: BOILER-FURNACE;

end record;

ALPHABOILER: BOILER;

procedure INITIALIZEBOILER (BLR: in out BOILER);

procedure INCREMENTALDECREASE (BLR: in out BOILER);
task FIRESMANAGER is

pragma PRIORITY(1);
end FIRESMANAGER;
task STEAM-DRUMMANAGER is

pragma PRIORITY(I);
end STEAM_DRUM_MANAGER;
task TUBE.JdANAGER is

prgnaPRIORrTY(1);
end TUBE_-MANAGER;
function GREATEROF (X, Y: in MEASUREMENTYALUE) return MEASUREMENTVALUE;
function LESSER-OF (X, Y: in MEASUREMENTVALUE) return MEASUREMENTVALUE;
procedure RUFIRED_TUBECHECK (BLR: in out BOILER; X: in out TUBE);
procedure DISPLAY_BOILERSTATUS (BLR: in out BOILER);
procedure RESETBOILERPREVIOUS_VALUES (BLR: in out BOILER);

end BOILERMODEL;
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with TEXT-JO, VALVES-ANDPIPING, SYSTEM;
use TEXT-1O, VALVESAND-PIPING, SYSTEM;
packg body BOILER-.MODEL is

package TRUTH is new ENUMERATIONJO(BOOLEAN);
use TRUTH;
packag MEASURE is new ENUTMERATIONJIO(MEASUREhMNT..yALUE);
use MEASURE;

- Task STEAM-DRUMMANAGER takes the water flow into the
- boiler, comnpares it with steam flow out of the boiler and generates
- high/lw water level armn conditions based on that comparison. It also
- lifts safeties if thee is no flow out of the boiler. STEAM-P.RUM_.MANAGER
- also calls procedure INCREMEENTAL..DECREASE if safeties are open.

task body STErAIMDRUM-MANAGER is

begin
delay 1.0;
loop

ALPHA-BOLESTEAM-..RUM.FLOW..JN:= MANUALCHECK-VLVOUITPUTFLOW;
if ALPHA-.BODLERSTEAM..DRUMYLW -IN = NORM and

ALPHA....OL STEAM-DRUMFLOW OUT - NORM the
ALPHA-BOLR.STEAM-DRUM.WATEREVEL:= NORM;

elsif ALPHA..BOILE.STEADRUM.FLWN >
VIRTUAL..._SH.OUILET.OUTPUT LOW then

ALPHA BOLER.STEAMDRUM.WAERLEVEL.:= HIGH;
delay 0.5;
df ALPHABROL .STAM-.DRUM.FLOW-OLT - NONE then

ALPHA...BOJLE.STEAM-.DRUM.WATERLEVEL:- HIGHALARM;
eid if;

elifALPHA-)OLRM.STEAMDRUM.FLOWIN <
APHA-BOlR-STEA..DRUMFLWWOUT
or (ALPHA..BOLR.STEAMDRUMvLFLW N = NONE and
ALPHA-BOLRMSTEAMoDRUM.WATERLEVEL > LOW) then

ALPHA.BOURMSEAMDRUM.WAERLEVEL:u LOW;
delay 0.5;
if ALPHA..BOLRSTEAM-lDRUMAW IN - NONE then

ALPHA-.BOR.STEAM)DRUM.WATER LEVEL:= LOW..ALARM;
end if;,

end if;
delay 2.0,
if VIRUAL..SILOUTLETINPUT-PRESSURE = HIGH then

ALJPHA.BOILE.STEAM-DRUIM.PRESSURE:= LIF-SAFELTI;
delay 0.0;
SAFETY-VALVES.STATUS:= OPEN;

end if;
delay 2A),
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SAFETYYALVESJlNPUT_-PRESSURE:-= ALPHA..BOLER.STEAMDRUM.PRESSURE;
VIRTUAL.SH-OUTLET.INPUryRESSURE:=

ALPHA-BOIE.STEAM.DRUMJ'RESSURE;
delay 2.0;
if SAFETY3VALVES.STATUS - OPEN thea

SAFETY-VALVES.RNPUTT-FLOW:= NORM;
INCRENMALJ)ECREASE(ALPHABOLER);

end if-,
delay 2.0;

end loop;,
end STEAM..DRUM-MANAGER;

-Task FIRES J4ANAGER controls firing rate by controlling the output

-of th fel oil control valve based on steam drum pressure

task body FIRES_MANAGER is

delay 1.0;
loop

if ALPHA..BOILER.FURNACE FIRJNGRATE /-- NONE then
ALPHABOH.ERFqRNACEFffNG_.RATE:=

FUEL_.MANIFOLD.OU7TPULPRESSURE;
end if;
if ALPHABOILER.FURNACE.FIRINGRATE - NONE then

ALPHA.BOILERFURNACEflRESLT:= FALSE;
ALPHA-BOILERFURNACEFIR.APEARANCE:= NONE;
ALPHA-BOLER.STEAMDRJM.TEMIFh= LOW;
ALPHA-R.OILER.GENERATION. JBES.7EMP. LOW;
ALPHA..BOILERSUPERHEATER. rEMP.- LOW;
APHA-OWDESUPERHEATER.TEMP-= LOW;

end if;.
if ALPHA_.BOILERFURNACEFRJG..RTE - NONE then

ALPHA-.BOILER.STEAM..DRUM.PRESSURE:= LOW;
elsif ALPH&.BOILE.GENERATIONJTUBES.RUPTURE or

ALPHA.BOILER.SUPERHEATER.RUPTUR or
VIRTUALSH..OUTE.INPIr_FLOW - NONE then

if ALPHA-BOILERSTEAM-DRUM.PRESURE > LOW the
ALPHA-.BOLR.-STEAM-P.RUMYRESURE.= LOW;
delay 20.0;.

endif,
ALPHA-BOLRMS7 ADRUMvL9MESURE:= NONE;

* end if;
if FUELMANIFOLD.STATUS a OPEN and

JUEL-MANIFOLD.NPULTPRESSURE /z NONE and
ALPHA..BOIERSTEA?.DRUMnFLWN /- NONE then

if ALPHA.BOLRMSTEA&.DRUMYR.ESSURE > NORM then
FUEL-.OI..CONROLyALvE.OUwtMrPRESSJRE:= LOW;
delay 2.0;
if AL.PHA..BORU RNACE.FIR1NG RATE /- NONE then
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if VIRUAL...$HOtMMrINPUr-RESSURE < HIGH then
APHABOERSTEAMDRUM.PRESSURE:= NORM;

ond if,
else

ALPHA..BOUILRFURNACE.DECK-.STAflJS:= FUELOQNDECK,
ALPHA&BOLER.FURNACE.PERISCOPE:= FOGGED;

and if,
el1i1 ALPHA-BOILERSEAM-)RUMPRESSURE < NORM then

FUEL-OIL-CONTROL-YALVE.OUTPUTYPRESSURE:= HIGH;
delay 2.0-
if SAFETY-VALVES.STATUS J-- OPEN and

ALPHABOLERYFURNACE.FIRINCLRATE /= NONE then
APHAOLSTAMDRMPRESURE:= NORM;

end if,
if ALPHA..BOILEILFURNACE.FIRES..L1 = FALSE then

ALPHA..BOIRRNACEDECK.STATUS:= FUEL..0N_.DECK,
end it;

elsif ALPHA-BOLER.STEAM&.DRUM.PRESSURE -NORM and
FUEL-MANFOLD.OUWLTFYRESSURE 1=NORM and
FUEL-ANIFOLD.OUWT..PRESSURE I-NONE and
FUEL-MANIFOLD.STATUS - OPEN then

FUEL-OL-.CONTROL..-VALVE.OUTPUTYPRESSURE:=
LESSER..0F(LOW, FO-.SVCY-UMP-.DISCH.OUTUT-PRESSURE);

endif-,
end if,
delay 0.0,
if ALPHA-BOU ERA VRNACE.FIRING..RATE /= NONE and

AJ&-REGISTERS.OUTPTF.FLOW = NONE then
ALPHA..BOILER.FURACE.F[E-.APPEARANCE:= IRREGULAR;
ALPHA- BOILRYFURNACERISCOPE:= BLACK;

end if;
delay O0,
if ALPHABOLEFURNACEFIRIG-.RATE /m NONE and

AIR.REISTERS.OUWUTJLOW = NONE and
ALPHA.BOUILERRNACE.DECKSTA7hS = FUEL-0N-.DECK then

ALPHABOLRRJRNACEEXFLOSION:= TRUE;
endif-,
delay 0.0;,
if FUJEL, MANWFOLD.OLrTVT..YLOW < AIR..REGISTERS.OUTUT-YLOW then

ALPH&BOILERYRNACLEMISCOPE.= ORANGE;
ALPHAOiYRNAC~E.MAPPEARANCE=- IRREGULAR;
ALPHA BOLE RSUPMRHEATERLTEMP-n LOW;
delay 60.0;
ALPHA.BOILERFURACE.EXPLA)SION:= TRUE;

end if,
delay 0.0;
if FUEL _MANIFOLD.OUTIPUTYRESSURE /-- NONE and

FUEL.3dANIFOLDOTPI.TF-RESSURE <
AIR_.REGISTERS.OUTFTRESSURE and
ALPHA..BOILER.FURNACE.FING..RATE Im NONE then

ALPHA..BOIR.FURNAFYEflRAPPEARANCE:= IRREGULAR

82



delay 10.0;
ALPHABOILER.FURNACE.FIRINGLRATE:= NONE;

end if;
delay 0.0;

end loop;
end FIRESMANAGER;

- Procedure INCREMENTAL._DECREASE reduces steam drum pressure
-- in the event of safeties lifting

procedure INCREMENTALDECREASE (BLR: in out BOILER) is

begin
loop

case BLR.STEAMDRUM.PRESSURE is
when LIFTSAFEHI =>

delay 2.0;
BLR.STEAMvDRUM.PRESSURE:= HIGH;
SAFETYALVES.INPUTPRESSURE:= BLR.STEAMDRUM.PRESSURE;
delay 0.0,

when HIGH =>
delay 2.0;
BLR.STEAMJDRUM.PRESSURE:- NORM;
SAFETY..VALVESINPUTPRESSURE:= BLR.STEAMDRUM.PRES SURE;
SAFETYVALVES.STATUS:- SHUT;
SAFETYVALVES.OUTPUTLFLOW:= NONE;
delay 0.0;
exit;

when oders =>
null;

end c e;
end loop;

end INCREMENTALDECREASE;

- Function GREATER_0F compares two MEASUREMENTVALUE's'
- and returns the one with the greater value

function GREATER-OF (X, Y: in MEASUREMENTVALUE) return
MEASUREMENTVALUE is

VALUE: MEASUREMENTVALUE;

begin
ifX >Y then

VALUE:= X;
else

VALUE:= Y;
end if,
return VALUE;

end GREATER_OF;
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- Function LESSEROF compares two MEASUREMENT_VALUE's
-- and returns the one with the greater value

function LESSEROF (X, Y: in MEASUREMENTLVALUE) return
MEASUREMENTVALUE is

VALUE: MEASUREMENTVALUE;

begin
ifX <Ythen

VALUE:= X;
else

VALUE:= Y;
end if.
return VALUE;

end LESSEROF;

- Procedure RUPTUREDTUBECHECK looks for less input flow
- to a tube than output flow, or when there is no input flow. Since
- flow tluough a tube cools the inner surfaces of the tube, no flow or
-- severely restricted flow will result in a ruptured tube

procedure RUPTUREDTUBECHECK (BLR: in out BOILER; X: in out TUBE) is

begin
if BLR.FtRNACE.FIRES LIT then

if X.FLOWIN = NONE then
delay 10.0,
if X.FLOWOUT - NONE then

X.TEMPUE HIGH;
if XDMECTHEATCONTACT then

X.RUVTURE:= TRUE;
end if,

end if-.
elsif XFLOWIN < X.FLOWOUT then

delay 20.0;
if X.FLOWjN < X.FLOWOUT then

X.TEMP:= HIGH;
if X.DIRECTHEATCONTACT then

X.RUPTURE:= TRUE;
end if,

aid if;
end if;
if X.RUPTURE then

BLR.FURNACEPERISCOPE:= FOGGED;
end if,

end if,
end RUP TRED UBECHECM
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- Tak TUBE~vIANAGER controls flow out of the boiler, depending
- on water input to tubes and whether or not a tube ruptur has occurred

task body TUBEJdANAGER is

begin
delay 1.0;
loop

ALPHA.)OLER.STEAM..DRUM.FLOW-IN:=
MANUAL_CHECKVLV.OUWPU1LFLOW;

ALPHABOILER.WATERDRUM.FLWJN:=
ALPHA_-BOILER.STEAM-DRUM.FLOW-JN;

ALPHA_.BOILER.WATERDRUMNIW..OUT:=
*ALPHA_-BOILER.WATE&DRUMFLOWJIN;

ALPHA..BOILER.GENERATIONTUBES.FLOW-JN:=
ALPHABOILE.WATERDPRU?~tFOW-OUT;

if ALpHA3OILERJRNACE.FlRINCLRATE = NONE then
delay 10.0;
ALPHA..BOILER.GENERATION.1lJBES-FLOW..OUT:= LOW.

else
ALPHA.)OILER.GENERATION_1lJBES&FLOW-OUT:=

ALPHA.,BOILER.GENERATIONtTUBE&FLWJN;
end if,
ALPHABOILER.S'fhAMDRUM.FLOWOUT:=

ALPHABOL R.GENERAIONJUBESFLWOUT;
delay 1.0;
RUVMMMREDUBE-.CHECK (ALPHA_-BOILER,

ALPHABOlLER.GENERAT1ONTUBES);
ALPHA-..BIERSUPERHEATERFLWJN:=

ALPHABOSTAMDRUMFLWOUT;
SAPETY-VALVESJNPUTFLOW:= ALPHA..BOILER.STEAMDRUM.r-LOWOUT
ALPHA-BOILER.SUPERHEAThRflWW.OUT:=

ALPHA-BOILERSUPERHEATER.FLWIN;
delay 10,
RUVTREDMBE,_CHECK (ALPHABOILER, ALPHA BOILER.SUPERHEATER);
VIRTUAL..SH-OUTLET.NITFLOW:=

ALPHA..BOILER.SUPERHEATERFLOWOUT;
if VIR UAL..SHOUTL.ET.STATUS - OPEN then

VIRTUAL_.SfLOU1hET.OUTPUT.YLOW:=
VIRTlJAL..SH-OUTLET.IPUT-FLOW;

else
VlRTUAL..SH_0.UTLE.OUTPUT.YLOW:= NONE;

end if,
ALPH&.BOILER.DESUPERHEAThR.FLOW-JN:-

VIRTUAL-SH_.OIILET.OUTPUTLFLOW;
MAIN.STEAM-STDP.INPU7TJLOW:- VIRTUAI.,SH_0U.TlLET.OUTPUTFLOW;
ALPHA.BOELER.DESUIPERHEATELFLW_-OUT:=

ALPHA..BOILERDESUPERHEATERAFOW_IN;
AUXSTEA&.STOP.INPUT...ROW:=

ALPHA-OILER.DESUPERHEATERJPLOWOUT;
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delay 1.0;
RUPTRED-UBECHECK (ALPHABOILER.

ALPHA..BOILERDESUPERHEATER);
delay 0.0;

end loop;
end TUBE-.MANAGER;

-Procedure RESETBOLER_PREVIOUSVALUES sets the values
-of "prey)'" fields to dhe value of the corresponding non-"prev." field.
-See BOILER record specification for further clarification -

procedure RESEL BOILER-PREVIOUSYVALUES (BLR: in out BOILER) is

bei
BLRt.STAM-DRUM.REV.WAIhR..LEVEL: BLR.STEAI&.DRUM.WATEKLEVEL;
BLR.STEAMDRUMPREVYRESSURE := BLR.SThAM.DRUMPRESSURE;
BLR.STEAW-DRUMYREVFLOWIlN= BLR.STEAMDRUM.FLOWJN;
BLR.STEAM-l)RUM.PREVYFLOW..OUT: BLR.STEAM-DRUM.FLOWO0UT;
BR.STA...DRUMPREVffETMP-- BR.STEAM..DRUM.TEMP-,
BLR.WATEK..DRUNLPREVFLOWIN:- BLR.WAThR-.DRUMFLOWJlN;
BLR.WATER_.DRUM REV_ LW...UT: BLR.WATEKDRUl&FLOWOUT
BLR.SUPERHEATERPREV!LOW-JN -aBL.R.SLJPERHEAThLFLOW..JN;
BLR.SUPERHEATERPREVLOW..OUT: BLR.SUPERHEATER.FLOW..9UT;
BLR.SUPERHEATER.PREV-.RUPTURE := BLR.SUTPERHEATER.RUPTURE.
BLR.SUPERHATERREiV_TEMP:m BLR.SUPERMEATER.TEMP;
BLR.DESUPEREATR.PREVJLOWIN := BLR.DESUPERHEATER.FLOWJlN;
BR~.DESUPERHATER.PEVYLW-.OUT: BLR.DESUPERHEATE-"R.FLWOUT;
BLRt.DESUPEREMATR.PREVRUPTURE :- BLR.DESUPERHEATER.RUPTURE;
BLR.DESUPERHEATERPREV..TEMP -= BLR.DESUPERHEATER.TEMP;
BLR.OENERATIONTUBES.PREV.YFLOWN := BLR.GENERATION..JUBES.FLOW~jN;
BLRt.GENERAT1ONTBESPREVYLOWOUT.-

BLR.GENERA11ON _TBESFLW.PI 7
BLRt.GEERA1ON-.1UBESPREV..RUPTURE :- BLGENERATION_UBES.RUPTURE;
BIRt.GENERAIONJTUBESPREV-N1P := BLR.GENERAT1ON..YUBES.TEMP;
BLRNACEPREV.DECKSTATUS a BLRFURNACE.DECK..STAT'US;
BLRYFLRNACE.PREVFIRING..RATE -w BLR.FURNACE.FIRINGRATE;
BLRYUNACE.PREVEXPLOSION: BILRYURNACEXEXPLOSION;
BLR.FURNACE.PREV-PERISCOPE a BLRYUIRNACEJ'ERISCOPE;
BLRJt7RNACE.PREVJIlRES..LIT := BLRFURNACE.FIRESL1T;
BLRNACERV1REAPPEARANCE: BLR.FURNACEIRtE_APPEARANCE;

end RESET BORLER-PREVIOUSYALUES;

-Procedure INITIALI3ZE-BOILER sets all boiler components to normal steady
-state steaming values

procedure IN[T[AL1ZEBOILER (BLR: in out BOILER) is

begin
BLR.STEAM-DRUM.WAThR.LEVEL:= NORM;
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BLR.ST EAMDRUM.PRESSURE:- NORM;
BLR.STEAM...RUM.FLOW-JN:= NORM;
BLR.STEAM..DRUM.FLOW_,OUT:- NORM;
BIASTEAM..DRUMTEMP:= NORM;
Bi (t.WATERDRUMYLO WJN:= NORM;
BLR.WATRDRUMFLOW..OUT:= NORM;
BLR.SUPERHEATERYLOWIN:= NORM;
BLR.SUPRHATRLOW..OUT:- NORM;
BLR.SUPERHEATR.RUTURE:= FALSE;
BLR.SUPERHEATER.TEMPh- NORM;
BLRt.SUERHEATRDECTHEATCONTACT= TRUE
BLR.DESUPERHEATER.FLOWjN:= NORM;
BLRt.DE.SUPERHEATERFLWW...UT:= NORM;
BLRt.DESUPERHEATER.RUPTURE:= FALSE;
BLR.DESUPERHEATER.TEMP= NORM;

*BRi.DESUPERHEATER.DIRECTHEAT.-CONTACr:,= FALSE;
BLRt.GEERA7lON..11BEF.LOW-jN:- NC!RM;
BLGENERATION-TUBES.FLOW&OU T:= NORM;
BLR.GENERA11ON.ThBES&RUPTURE.2. FALSE;
BLR.GENERATION..1UBESTEMP*= NORM;
BLR.GENERATONTUBESIECJIEAT-CONTACr= TRUE;
IL.R.FURNACE.DECK-.STATIJS:- NO_FUJEL_-ONDECK;

BLR.FURNACE.FIRING-RATh:= NORM;
BLR.FURNACE.EXPLOSION:- FALSE;
BLR.FURNACE.PERISCOPE:= CLEAR;
BLR.URNACE .FIRES-LIT:= TRUE;
BLR.FURNACEYPREM.APPEARANCE:= FANtSHAPED;
RESELBOLRPREVIOUSVALUES(BLR);

end IN17IALZE.YOULE

- Procedure DISPLAYBOILER-STATUS shows the values of boiler parameter.
- Some may not be measurable in real life, but their display heme demionstrates more fully the
-- causal chain of events

procedure DISPLAY-BOLERSTAThJS(BLRL in out BOILER) is

begin
if (BLR.SIEAWDRUM.WATER..LEVEL 1

BLRLSTEAM...DRUMPREV_-WATER-LEVEL or
* BLR.STEAM.DRUM.PRESSURE /-- BLSTEAMDRUMvLPREV-PRESSURE or

BLR.STEAWDRUM.FLWJN /=
BLSTEAM.DRUM.PREVFLOWIN or
BLR.SIEAMDRUM.FLOW...OUT 1=
BLR.STEAM-DRIMYRE V3LOW-OUT or
BLILSTEAM-P.RUM.TEMP /= BLILSTEAM..DRUMPREV..TEMP or
BLR. WATER...DRUM.FLO W-IN -
BLR.WATIER_,DRUM1PREV.YLOWIN or
BLILWATER-DRUM.FLOW..OUT 1=
BLRLWATER..DRUMYREV.YLWO-UT or
BLR.SUPRHEATER.FLOWjN/--
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BLR.SUPERHEATER.PREVJFLOW-JN or
BLR.SUPERHEATER.FLOW-OUT 1=
BLR.SUERHATERPREV,LOW..UT or
BLR.SUTPERHEATIER.RUPTURE /=
BLR.SUPERHEATER.PREV-RUPTURE or
BLR.SUPERHEATER.TEMP /= BLR.SUPERHEATERPREV-TEMP or
BLR.DESUPERHEATER.FLOWJN /-
BLR.DESUPERHEATER.PREVYLOWjN or
BLR.DESUPERHEATER.FWWOUT /-=
BLRLDESUPERHEATER.PREVYFLOW..OUT or
BLR.DESUPERHEATER.RUP'rURE /-
BLR.DESUPERHEATERJPREV..RUPTURE or
BLR.DESUPERHEATER.TEMP /= BLR.DESUPERHEATER.PREV_.TEMP or
BLR-GENERATONTUBESFLOWjN I--
BLR.GENERATION..YUBESPREV.YLOW-IN or
BLR.OENERATIONTU BESAODW..OUT 1=
BLR.GENERATIONJTUBESPREVYFLWWOUT or
BLR.GENERATIONTUBES.RUPTURE /--
BLR.OENERATION-UBESPREV.RUTURE or
BLR.GENERATIONJTUBES.TEMP /=
BLR.GENERAIONJTUBES.PREVJ-EMP or
BLR.FURNACE.DECK..STA IUS /--

BLRYURNACE.PREV_,DECK..STATUS, or
BLRFURNACEYIRING-RATE /- BLRFURNACE.PREVYIRINGRATE or
BLRYURNACEYEXLO)SION /w BLR.URNACE.PREV-EXPLOSION or
BLRYURNACE.FIRESXrr /= BLR.FURNACEPREVYFIRESLrr or
BLR.FURNACEPJSCOPE /= BLRYURNACE.PREV-PERISCOPE or
BLRYFURNACEM-APPEARANCE 1=
BLRJRNACE.PEVIREAPPEARANCE) then

NEW-LLiNE;
SET-COL(30);
PUT-JNECPLANT STATUS-BOILER");
NEW-LIE;
PUTC'ROHLER STEAM DRUM WATER LEVEL:")
PUBLRSEAMDRUM.WATERLEVEL);
SET-COL(45);
PUTC'BOILER STEAM DRUM PRESSURE:");
PUT BR.STEAM-DRU&PRESSURE);
NEW.LZ4E
PUTCBOILER STEAM DRUM FLOW IN:.)
PUT(B ,R.STEAM-P.RUMYLWJN);
SET-.COL(45);
PUT(C1OU STEAM DRUM FLOW OUT:")
PUT(B JLTEAM-DRUM.FLOW-.01T);
NEWLM
PiyrC'BOwE STEAM DRUM TEMP-")
PUT(BLR.STEAMRUM.TEMP);
NEWLJNE(2);
PU("BOILER WA7TER DRUM FLOW IN:;
PUT B~.WATER..DRUM.FLOW jN);.
SET-COL(45);
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PLTFC'BOILER WATER DRUM FLOW OUT:.)
PUT(BLR.WATER-P.RUM.FLOW OQUI)
NEWLLINE(2);
PUTC'SUPERHEATER. FLOW IN: )
PLr(BlRt.SUPRHEATERFLOW-JN);
SET-COL(45);
PUTCSUPERHEATER FLOW OUT:')
PUT(BLR.SUERHEATERFLOW..0U1);
NEW-LINE;
PUT("SUPERHEATER RUPT URE: j;
PUTr(BLR.SUPERH EATER.RUPTURE);
SET-COL(45);
PUTC'SUPERHEATER TEMP. )
PUT(BI.R.SUPERHEATER.TEMP);
NEW..LINE(2);
PUTC"DESUPERHEATER FLOW IN:'");
PUT(BLR.DESUPERHEATERlFO WiN)
SET-.COL(45);
PUTC"DESUPERHEATER FLOW OUT:'");
PUT(BLR.DESUPERHEATERFLOWW..OUI);
NEWLLINE;
PUTC'DESUPERHEATER RUPTURE:")
PUT(BLR.DESUPERHEATER.RUPTURE);.
SET-COL(45)-;
PUT("DESUPERHEATER TEMP:'");
PUT(BlRt.DESUPERHEATER.TEMP);
NEW..LINE(2);
PUTMC'ENERATION TUBES FLOW IN:")
PIUr(BL.R.GENERATIONJUBESlO W-IN);
SET-.COL(45);
PUTCGENERATION TUBES FLOW OUT: )

PUT.B.GENERATIONTUBES.FLOW-OUT);
NEWLINE;
PUT("ENERATI1ON TUBES RUPTURE: 1
PU(BLR.GENERA71ON-TUBESRUPTrE);
SET-C01(45);
PUTC'ENERATION TUBES TEMP- 1
PUT(LR.GENERATIONJUBESTEMP);
NEWLNE);
PUTC'FURNACE DECK STATUS: j
PUF(BLR.FURACE.DECK..STATUS).
SET-COL(45);
PUTC'IRING RATE: 4)

PUr(BLR.FURNACEIRING..RATE);
NEW-LINE
PUTCBOWE EXPLOSION: ')
PUT(BLRYFURNACE.EXPLOSJON);
SET...CO1(45);
PUT'ERISCOPS 4);

PUT(BLR.FURNACE.PERISCOPE);
NEW-LNE
PUrTFIRES LIT: ");

89



PUT(BLR.FURNACE.FIESJ.I);
SET..COL(45);
PUrTPR APPEARANCE: 44);
PUT(BLR.FURNACE.FIRE-APPEARANCE);
NEW-LINE;
for iin 1..80Oloop

PM(,-');
end loop;
NEW-LINE.
for iin l..80 loop

PUTC/')
end loop;
NEWINE;
for iin l..80 loop

PUTC-');
end loop;
NEW...LINE(2);
REsET..BoILERPRVIOUS-YALUES(BLR);

ead if-,
end DISpLAy...BOHLER..STATUS;

end BOILE&MODEL;
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with TEXT-1O, VALVE&-AND!IPING, BOILERLMODEL, SYSTEM;
use TEXT-JO, VALVESANDLIPING, BOILER_MODEL, SYSTEM;

poedure MAIN is
VALVEL.OFJNf TREST: INDEX;
CURRENT: VALVELPR:= VIRTUAL_-SHOUTLET;
CHOICE, NEXLCHOICE, LASTI_CHOICE: CHARACTER;
pragma PRIORITY(2);
pacage INDEXJO is new ENUMIERATION-JO(INDEX);
use INDEXJO;

begin
FILL...YSTEM-.ARRAYS;
ASSIGNYALVE-ORDER;
INMTALIZE_BOILER(ALPHA..BOILER);
INITIALIZE-PLANT;
TRACE:= TRUE;
PUTrC'CHANGE VALVE (C)HARACTERISTIC OR (V)ALVE STATUS?");
GET(CHOICE);
NEWLJNE;
PUTC'ETER VALVE TO CHANGE: )
OET(VALVE_.OF_INTEREST);
while CURRENT.VALVEID /= VALVE_OF _INTEREST loop

CURRENT:= CURRENT.NEXT;
end loop,
if CHOICE=- 'C' or CHOICE = 'c' then

PUrr("CHANGE INPUT (F)LW OR INPUT (P)RES SURE?");
GET(NEXT-CHOICE);
NEWLINE;
PUTC-CHANGE TO (N)NE, (L)OW, N(O)RM, (H)IGH?");
GET(LAST-CHOICE);
NEW-LINE;
if NEXT-CHOICE = 'F or NEXT-CHOICE ='r then

case LAST.XHOICE is
when 'N' I'n' -> CURRENTINPUT..FLW:m NONE;
when 'L'1I'1' -> CURRENTJNPUTFLOW:- LOW;
when'0,160w => CURRENTINPUT FLOW:= NORM;
when 'H' I'h' => CURRENT.INPUT.YLW:= HIGH;
when others => null;

end case
clsif NEXLCHOICE = 'P' or NEXT..CHOICE = 'p' then

came IAST..CHOICE is
when 'N' I'n' -> CURRENTINPUTPRESSURE- NONE;
when 'L'1I'1' => CUJRRENT.INPUT_.PRESSURE:= LOW;
when 'O'I 'o' => CURRENTINPUTPRESSURE:= NORM;
when 'H' I'h' => CURRENTINPUT-YRESSURE:= HIGH;
when others-m> null;

end case
end if,

elsif CHOICE - 'V' or CHOICE - 'v' then
if CURRENT.STATUS - OPEN then

CURRENT.STATUS:- SHUT;
clu

CURRENT.STATLJS:- OPEN;
end if.
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end if,
loop

DIAYOERSTATUS(ALPH.BOLER);
delay 0.5;

end loop;
end MAIN;
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APPENDIX B (BoilerModel TEST RESULTS)

CHANGE VALVE (C)HARACTERISTIC OR (V)ALVE STATUS?v

ENTER VALVE TO CHANGE: fwcv

VALVE STATUS INPUT PRESS INPUT FLOW OUTPUT PRESS OUTPUTFLOW

FWCV SHUT NORM NORM NONE NONE

VALVE STATUS INPUT PRESS INPUT PLOW OUTPUT PRESS OUTPUT FLOW

FEEDSTOP OPEN HIGH NORM HIGH NORM

VALVE STATUS INPUT PRESS INPUT FLOW OUTPUT PRESS OUTPUT FLOW

FWCV SHUT HIGH NORM NONE NONE

VALVE STATUS INPUT PRESS INPUT FLOW OUTPUT PRESS OUTPUTFLOW

MAN..CHK OPEN NONE NONE NONE NONE

PLANT STATUS-BOILER

BOILER STEAM DRUM WATER LEVEL: NORM BOILER STEAM DRUM PRESSURE: NORM
BOILER STEAM DRUM FLOW IN: NONE BOILER STEAM DRUM FLOW OUT: NONE
BOILER STEAM DRUM TEMP. NORM

BOILER WATER DRUM FLOW IN: NONE BOILER WATER DRUM FLOW OUT: NONE

SUPERHEATER FLOW IN: NORM SUPERHEATER FLOW OUT: NORM
SUPERHEATET RUPTURE. FALSE SUPERHEATER TEMP: NORM

DESUPERHEATER FLOW IN: NORM DESUPERHEATER FLOW OUT: NORM
DESUPERHEATER RUPTURE: FALSE DESUPERHEATER TEMP: NORM

GENERATION TUBES FLOW IN: NONE GENERATION TUBES FLOW OUT: NONE
GENERATION TUBES RUPIURE: FALSE GENERATION TUBES TIMP: NORM

FURNACE DECK STATUS: NOFUELONDECK FIRING RATE: NORM
BOILER EXPLOSION: FALSE PERISCOPE: CLEAR
FIRES LIT TRUE FIRE APPEARANCE- FAN-SHAPED
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PLANT STATUS-BOILER

BOILER STEAM DRUM WATER LEVEL: LOW BOILER STEAM DRUM PRESSURE: NORM
BOILER STEAM DRUM FLOW IN: NONE BOILER STEAM DRUM FLOW OUT: NONE
BOILM STEAM DRUM TEMP: NORM

BOILER WATER DRUM FLOW IN: NONE BOILER WATER DRUM FLOW OUT: NONE

SUPERHEATER FLOW IN: NORM SUPERHEATER FLOW OUT: NORM
SUPERHEATER RUPTURE: FALSE SUPERHEATER TEMP: NORM

DESUPERHEATER FLOW IN: NORM DESUPERHEATER FLOW OUT: NORM
DESUPERHEATER RUPTURE: FALSE DESUPERHEATER TEMP: NORM

GENERATION TUBES FLOW IN: NONE GENERATION TUBES FLOW OUT: NONE
GENERATION TUBES RUPTURE: FALSE GENERATION TUBES TEMP: NORM

FURNACE DECK STATUS: NOFUEL_ON1DECK FIRING RATE: NORM
BOILER EXPLOSION: FALSE PERISCOPE- CLEAR
FIRS IT: TRUE FIRE APPEARANCE- FAN-SHAPED

PLANT STATUS-BOILER

BOILER STEAM DRUM WATER LEVEL: LOWALARM BOILER STEAM DRUM PRESSURE: NORM
BOILER STEAM DRUM FLOW IN: NONE BOILER STEAM DRUM FLOW OUT: NONE
BOILER STEAM DRUM TEMP: NORM

BOILER WATER DRUM FLOW IN: NONE BOILER WATER DRUM FLOW OUT: NONE

SUPERHEATER FLOW IN: NORM SUPERHEATER FLOW OUT: NORM
SUPERHEATER RUPTURE: FALSE SUPERHEATER TEMP: NORM

DESUPERHEATER FLOW IN: NORM DESUPERHEATER FLOW OUT: NORM
DESUPERHEATER RUPTURE: FALSE DESUPERHEATER TEMP: NORM

GENERATION TUBES FLOW IN: NONE GENERATION TUBES FLOW OUT: NONE
GENERATION TUBES RUPTURE: FALSE GENERATION TUBES TEMP: NORM

FURNACE DICK STATUS: NOFUEL_ONDECK FIRING RATE: NORM
BOILER EXPLOSION: FALSE PERISCOPE: CLEAR
FIRES LIT: TRUE FIRE APPEARANCE FAN-SHAPED

VALVE STATUS INPUT PRESS INW FLOW OUTPT PRESS OUTPUT PLOW

SAFETIES SHUT LOW NONE NONE NONE
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PLANT STATUS-BOILER

BOILER STEAM DRUM WATER LEVEL: LOWALARM BOILER STEAM DRUM PRESSURE: LOW
BOILER STEAM DRUM FLOW IN: NONE BOILER STEAM DRUM FLOW OUT: NONE
BOILER STEAM DRUM TEMP: NORM

BOILM WATER DRUM FLOW IN: NONE BOILER WATER DRUM FLOW OUT: NONE

SUPERHEATER FLOW IN: NONE SUPERHEATER FLOW OUT: NONE
SUPERHEATER RUPTURE: FALSE SUPERHEATER TEMP: NORM

DESUPERHEATER FLOW IN: NORM DESUPERHEATER FLOW OUT: NORM
DESUPERHEATER RUPTURE: FALSE DESUPERHEATER TEMP: NORM

GENERATION TUBES FLOW IN: NONE GENERATION TUBES FLOW OUT: NONE
GENERATION TUBES RUPTURE: TRUE GENERATION TUBES TEMP: HIGH

FURNACE DECK STATUS: NO_FUEL_ONDECK FIRING RATE: NORM
BOILER EXPLOSION: FALSE PERISCOPE: FOGGED
FIRES LIT: TRUE FIRE APPEARANCE: FANSHAPED

VALVE STATUS INPUT PRESS INPUT FLOW OUTPUT PRESS OUTPUT FLOW

VSH OPEN LOW NORM LOW NORM

VALVE STATUS INPUT PRESS INPU FLOW OUTPUT PRESS OUTPUT FLOW

MSS OPEN LOW NORM LOW NORM

VALVE STATUS INPUT PRESS INPUT FLOW OUTPUT PRESS OUTPUT FLOW

DESUPJN OPEN LOW NORM LOW NORM

VALVE STATUS INPUT PRESS INPUT FLOW OUTPUT PRESS OUTPUTFLOW

BLEED SHUT LOW NORM NONE NONE

VALVE STATUS INPUT PRESS INPUT FLOW OUTPUT PRESS OUTPUT FLOW

ERBLCHD
STrOP OPEN LOW NORM LOW NORM

VALVE STATUS INPUT PRESS INPUT FLOW OUTPUT PRESS OUTPUTFLOW

AMRBLKHD
_STOP OPEN Lc v NORM LOW NORM

VALVE STATUS INPUT PqESS INPUT FLOW OUTPUT PRESS OUTPUT FLOW

MFPSTM
-SUP OPEN LOW NORM LOW NORM

VALVE STATUS INPUT PRESS INPUT FLOW OUTPUT PRESS OUTPUT FLOW

ASS OPEN LOW NORM LOW NORM

VALVE STATUS INPUT PRESS INPUT FLOW OUTPUT PRESS OUTPUTFLOW

AUG OPEN LOW NORM LOW NORM
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VALVE STATUS INPUT PRESS INPUT FLOW OUTPUT PRESS OUTPUT FLOW

FDBIN OPEN LOW NORM LOW NORM

VALVE STATUS INPUT PRESS INPUT FLOW OUTPUT PRESS OUTPUT FLOW

ONEYFIFTY
JN OPEN LOW NORM LOW NORM

PLANT STATUS-BOILER

BOILER STEAM DRUM WATER LEVEL: LOW_ALARM BOILER STEAM DRUM PRESSURE: LOW
BOILER STEAM DRUM FLOW IN: NONE BOILER STEAM DRUM FLOW OUT: NONE
BOILER STEAM DRUM TEMP: NORM

BOILER WATER DRUM FLOW IN: NONE BOILER WATER DRUM FLOW OUT: NONE

SUPERHEATER FLOW IN: NONE SUPERHEATER FLOW OUT: NONE
SUPERHEATER RUPTURE: TRUE SUPERHEATER TEMP: HIGH

DESUPERHEATER FLOW IN: NONE DESUPERHEATER FLOW OUT: NONE
DESUPERHEATER RUPTURE: FALSE DESUPERHEATER TEMP: NORM

GENERATION TUBES FLOW IN: NONE GENERATION TUBES FLOW OUT: NONE
GENERATION TUBES RUPTURE: TRUE GENERATION TUBES TEMP- HIGH

FURNACE DECK STATUS: NO FUELON_ DECK FIRING RATE: NORM
BOIRER EXPLOSION: FALSE PERISCOPE: FOGGED
FIRES LIT: TRUE FIRE APPEARANCE- FANSHAPED

VALVE STATUS INPUT PRESS INPUT FLOW OUTPUT PRESS OUTPUT FLOW

VSH OPEN LOW NONE LOW NONE

VALVE STATUS INIn PRESS INPUT FLOW OUTUT PRESS OUTPUTFLOW

MSS OPEN LOW NONE LOW NONE

VALVE STATUS INPUT PRESS INPUT FLOW OUTPUT PRESS OUTPUT FLOW

ASS OPEN LOW NONE LOW NONE

VALVE STATUS INPUT PRESS INPUT FLOW OUTPUT PRESS OUTPUT FLOW

DESUPJN OPEN LOW NONE LOW NONE

VALVE STATUS INPUT PESS INPUT FLOW OUTPUT PRESS OUTPUT FLOW

BLEED SHUT LOW NONE NONE NONE

VALVE STATUS INPUT PRESS INPUT FLOW OUTPUT PRESS OUTPUTFLOW

AUG OPEN LOW NONE LOW NONE

VALVE STATUS INPUT PRESS INPUT FLOW OUTPUT PRESS OUTPUTFLOW

FDB=jN OPEN LOW NONE LOW NONE

96



VALVE STATUS INPUT PRESS INPUT FLOW OUTPUT PRESS OUTPUT FLOW

ONEFIPTY
IN OPEN LOW NONE LOW NONE

VALVE STATUS INPUT PRESS INPUT FLOW OUTPUT PRESS OUTPUT FLOW

ER..BLKHD
STO OPEN LOW NONE LOW NONE

VALVE STATUS INPUT PRESS INPUT FLOW OUTPUT PRESS OUTPUT FLOW

AMRBLKHD
_5rOP OPEN LOW NONE LOW NONE

VALVE STATUS INPUT PRESS INPUT FLOW OUTPUT PRESS OUTPUT FLOW

MFPSTM_
SUP OPEN LOW NONE LOW NONE

PLANT STATUS-BORLER

BOILER STEAM DRUM WATER LEVEL: LOWALARM BOILER STEAM DRUM PRESSURE: NONE
BOILER STEAM DRUM FLOW IN: NONE BOILBR STEAM DRUM FLOW OUr: NONE
DOR STEAM DRUM T00f NORM

BOILER WATER DRUM FLOW IN: NONE BOILER WATER DRUM FLOW OUT: NONE

SUPERIIATER FLOW IN: NONE SUPERHEATER FLOW OUT: NONE
SUPERHEATER RUPTURE: TRUE SUPERHEATER TEMP: HIGH

DESUPERHEATER FLOW IN: NONE DESUPERHEATER FLOW OUT: NONE
DESUPERHEATER RUPTURE: FALSE DESUPERHEATER TEMP NORM

GENERATION TUBES FLOW IN: NONE GENERATION TUBES FLOW OUT: NONE
GENERATION TUBES RUPTURE: TRUE GENERATION TUBES TEMP- HIGH

FURNACE DECK STATUS: NOFEL...ONDECK FIRING RATE NORM
BOBLE EXPLOSION: FALSE PERISCOPE* FOGGED
FIRES LIT: TRUE FIE APPEARANCE FAN-SHAPED

PLANT STATUS-BOILER

BOLM STEAM DRUM WATER LEVEL LOWALARM BOILER STEAM DRUM PRSURE: NONE
SOUE STEAM DRUM FLOW IN: NONE BOILER STEAM DRUM FLOW OUT: NONE
BOIm STEAM DRUM TEMP. NORM

BOKLM WATER DRUM FLOW IN: NONE BOILER WATER DRUM FLOW OUT: NONE

SUPERHEATER FLOW IN: NONE SUPERHEATER FLOW OUT: NONE
SUPERHEATER RUPTURE TRUE SUPERHEATER TEMP: HIGH

DISUPERHEATEiR FLOW IN: NONE DESUPMIRATER FLOW OUT: NONE
D6SUPERHEATER RUPTURE: FALSE DESUPERHEATER TEMP. HIGH

GENERATION TUBES FLOW IN: NONE GENERATION TUBES FLOW OUT: NONE
GENERATION TUBES RUPTURE: TRUE GENFATION TUBES TEMP: HIGH
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FtRv.,CE DECK STATUS: NO_FUELONKDEC FIRING RATE: NORM
BOR EXPLOSION: FALSE PERISCOPE: FOGGED
FIRES LIT: TRUE FIRE APPEARANCE: FANSHAPED

VALVE STATUS INPUT PRESS INPUT FLOW OUTPUT PRESS OUTPUT FLOW

VSH OPEN NONE NONE NONE NONE

VALVE STATUS INPUT PRESS INPUT FLOW OUTPUT PRESS OUTPUT FLOW

MSS OPEN NONE NONE NONE NONE

VALVE STATUS INPUT PRESS INPUT FLOW OUTPUT PRESS OUTPUT FLOW

DESUPJN OPEN NONE NONE NONE NONE

VALVE STATUS INPUT PRESS INPUT FLOW OUTPUT PRESS OUTPUTFLOW

SAFETIES SHUT NONE NONE NONE NONE

VALVE STATUS INPUT PRESS INPUT FLOW OUTPUT PRESS OUTPUT FLOW

BLEED SHUT NONE NONE NONE NONE

VALVE STATUS INPUT PRESS INPUT FLOW OUTPUT PRESS OUTPUT FLOW

ERBLKHD
-STOP OPEN NONE NONE NONE NONE

VALVE STATUS INPUT PRESS INPUT FLOW OUTPUT PRESS OUTPUT FLOW

AMR.BLKHID
.STOP OPEN NONE NONE NONE NONE

VALVE STATUS INPUT PRESS INPUT FLOW OUTPUT PRESS OUTPUTFLOW

Mi _-STM
-SUP OPEN NONE NONE NONE NONE

VALVE STATUS INPUT PRESS I FLOW OUTPUT PRESS OUTPUT FLOW

ASS OPEN NONE NONE NONE NONE

VALVE STATUS INPUT PRESS INPUT FLOW OUTPUT MSS OUTPUT FLOW

AUG OPEN NONE NONE NONE NONE

VALVE STATUS NPUT PRESS INPUT FLOW OUTPUT PRESS OUTPUT FLOW

FDBJN OPEN NONE NONE NONE NONE

VALVE STATUS INPUT PRESS INPUT FLOW OUTPUT PRESS OUTPUT FLOW

ONE FIFTY
iN OPEN NONE NONE NONE NONE
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Oh, masm Jim. how may I sve you? main
CHANGE VALVE (C)HARACTERISTIC OR (V)ALVE STATUSc

ENTER VALVE TO CHANGE: fogpdisch
CHANGE INPUT (F)LOW OR INPUT (P)RESSURE p

CHANGE TO (N)ONE, (L)OW. N(O)RM. HI[GH7I

VALVB STATUS INPUT PRESS INPUT FLOW OUTPUT PRESS OUTPUT FLOW

POSPDISCH OPEN LOW NORM LOW NORM

VALVE STATUS INPUT PRESS INPUT FLOW OUTPUT PRESS OUTPUT FLOW

FOCV OPEN LOW NORM LOW NORM

VALVE STATUS INPUT PRESS INPUT FLOW OUTPUT PRESS OUTPUT FLOW

PORECIRC SHUT LOW NORM NONE NONE

VALVE STATUS INPUT PRESS INPUT FLOW OUTPUT PRESS OUTPUT FLOW

FUEL..MAN OPEN LOW NORM LOW NORM

PLANT STATUS-BOLER

BOR STEAM DRUM WATER LEVEL: NORM BOILER STEAM DRUM PRESSURE: NORM
BOILER STEAM DRUM FLOW IN: NORM BOILER STEAM DRUM FLOW OUT: NORM
BOILER STEAM DRUM TEMP- NORM

BOILER WATER DRUM FLOW IN: NORM BOILER WATER DRUM FLOW OUT: NORM

SUPEkHEATER FLOW IN: NORM SUPERHEATER FLOW OUT: NORM
SUPERHEATER RUPTURE- FALSE SUPERHEATER TEMP. NORM

DESUPERHEA1U FLOW IN: NORM DESUPERHEATER FLOW OUT: NORM
DESUPERHEATER RUPTURE: FALSE DESUPERHEATER TEMP. NORM

GENERATION TUBES FLOW IN: NORM GENERATION TUBES FOW OUT: NORM
GENERATION TUBES RUPTURE: FALSE GENERATION TUBES TEMP: NORM

FURNACE DECK STATUS: NOJFUELONDECK FIRING RATE: NORM
BOILER EXPLOSION: FALSE PERISCOPE- CLEAR
FIRES LIT: TRUE FIRE AWPEARANCE: IRREGULAR

PLANT STATUS-BOILER

BOLER STEAM DRUM WATER LEVEL: NORM BOILER STEAM DRUM PRESSURE: LOW
BOILER STEAM DRUM FLOW IN: NORM BOILER STEAM DRUM ROW OUT: NORM
BOILER STEAM DRUM TEMP- LOW

BOILER WATER DRUM FLOW IN: NORM BOILER WATER DRUM ROW OUT: NORM

SUPERHEATER ROW IN: NORM SUPERHEA TR FLOW OUT: NORM
SUPERHEATER RUPTUR& FALSE SUPERHEATER TEMP. LOW

DiSUPERHEATET FLOW IN: NORM DESUPERHEATERt FOW OUT: NORM
DESUPERHEATER RUPTURE: FALSE DESUPERHEATER TEMP: LOW
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GENERATION TUBES FLOW IN: NORM GENERATION TUBES FLOW OUT: NORM
GENERATION TUBES RUPTURE: FALSE GENERATION TUBES TEMP: LOW

FURNACE DECK STATUS: NQ_FUELON DECK FIRING RATE: NONE
BOILER EXPLOSION: FALSE PERISCOPE: CLEAR
FIRES LIT: FALSE FIRE APPEARANCE: NONE

VALVE STATUS INPUT PRESS INPUT FLOW OUTPUT PRESS OUTPUT FLOW

VSH OPEN LOW NORM LOW NORM

VALVE STATUS INPUT PRESS INPUTFLOW OUTPUT PRESS OUTPUTFLOW

MSS OPEN LOW NORM LOW NORM

VALVE STATUS INPUT PRESS INPUTFLOW OUTPUT PRESS OUTPUTFLOW

DESUPJN OPEN LOW NORM LOW NORM

VALVE STATUS INPUT PRESS INPUT FLOW OUTPUT PRESS OUTPUT FLOW

SAFETIES SHUT LOW NORM NONE NONE

VALVE STATUS INPUT PRESS INPUT FLOW OUTPUT PRESS OUTPUT FLOW

BLEED SHUT LOW NORM NONE NONE

VALVE STATUS INPUT PRESS INPUTFLOW OUTPUT PRESS OUTPUTFLOW

ERBLKHD
STOP OPEN LOW NORM LOW NORM

VALVE STATUS INPUT PRESS INPUT FLOW OUTPUT PRESS OUTPUT FLOW

AMRBLKHD
STOP OPEN LOW NORM LOW NORM

VALVE STATUS INPUT PRESS INPUTFLOW OUTPUT PRESS OUTPUTFL.OW

MFpSTM
-SUP OPEN LOW NORM LOW NORM

VALVE STATUS INPUT PRESS INPUT FLOW OUTPUT PRESS OUTPUT FLOW

ASS OPEN LOW NORM LOW NORM

VALVE STATUS INPUT PRESS INPUTFLOW OUTPUTPRESS OUTPUT FLOW

AUG OPEN LOW NORM LOW NORM

PLANT STATUS-BOER

BOIL STEAM DRUM WATER LEVEL: NORM BOILER STEAM DRUM PRESSURE: LOW
BOBr STEAM DRUM FLOW IN: NORM BOILER STEAM DRUM FLOW OUT: NORM
BOILER STEAM DRUM TEMP. LOW

BOILER WATER DRUM FLOW IN: NORM BOUER WATER DRUM FLOW OUT: NORM

SUPERHEATER FLOW IN: NORM SUPEREATER FLOW OUT NORM
SUPERHEATER RUPTURE: FALSE SUPERHEATFR TEMP: LOW
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DESUPERHEATER FLOW IN: NORM DESUPERHEATER FLOW OUT: NORM
DESUPERHEATER RUPTURE: FALSE DESUPERHEATER TEMPI LDW

GENERATION TUBES FLOW IN: NORM GENERATION TUBES FLOW OUT: NORM
GENERATION TUBES RUPTURE: FALSE GENERATION TUBES TEMP: LOW

FURNACE DECK STATUS: FUELONIDECK FIRING RATE: NONE
BOHM EXPLOSION: FALSE PERISCOPE: CLEAR
FIRES LIT: FALSE FIRE APPEARANCE: NONE

VALVE STATUS INPUT PRESS INPUT FLOW OUTPUT PRESS OUTPUT FLOW

FDBJN OPEN LOW NORM LOW NORM

VALVE STATUS INPUT PRESS INPUTFLOW OUTPUT PRESS OUTPUTFLOW

ONE=FIFTY
-IN OPEN LOW NORM LOW NORM

PLANT STATUS-BOILER

BOWM STEAM DRUM WATER LEVEL: NORM BOILER STEAM DRUM PRESSURE: LOW
BOW.ER STEAM DRUM FLOW IN: NORM BOILER STEAM DRUM FLOW OUT: LOW
BOWM STEAM DRUM TEMP: LOW

BOW.ER WATER DRUM FLOW IN: NORM BOILER WATER DRUM FLOW OUT: NORM

SUPERHEATER FLOW IN: NORM SUPERHEATER FLOW OUT: NORM
SUPERHEATER RUPTURE- FALSE SUPERHEATER TEMP: LOW

DESUPERHEATER FLOW IN: NORM DESUPERHEATER. FLOW OUT: NORM
DESUPRHEATER RUPTURE: FALSE DESUPERHEATER TEMP: LOW

GENERATION TUBES FLOW IN: NORM GENERATION TUBES FLOW OUT: LOW
GENERATION TUBES RUPTURE: FALSE GENERATION TUBES TEMP: LOW

FURNACE DECK STATUS: FUELONDECK FIRING RATE: NONE
BOIR EXPLOSION: FALSE PERISCOPE- CLEAR
FIRES LT: FALSE FIRE APPEARANCE: NONE

PLANT STATUS-BOILWR

BOWR STEAM DRUM WATER LEVEL: NORM BOILER STEAM DRUM PRESSURE: LOW
BOR STEAM DRUM FLOW IN: NORM BOWM STEAM DRUM FLOW OUT: LOW
BOWLM STEAM DRUM TEMP- LOW

BOWER WATE DRUM FLOW IN: NORM BOWLE WATER DRUM FLOW OUT: NORM

SUPERHEATER FLOW IN: LOW SUPERHEATER FLOW OUT: LOW
SUPERHEATER RUPTURE: FALSE SUPERHEATER TEMP: LOW

DESUPERHEATER FLOW IN: NORM DESUPERHEATER FLOW OUT: NORM
DESUPERHEATER RUPTURE: FALSE DESUPERHEATER TEMP- LOW

GENERATION TUBES FLOW IN: NORM GENERATION TUBES FLOW OUT: LOW
GlNERATION TUBES RUPTURE: FALSE GENERATION TUBES TEMP: LOW
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FURNACE DECK STATUS: FUELONDECK FIRING RATE: NONE
BOILE EXPLOSION: FALSE PERISCOPE: CLEAR
FIRES LIT: FALSE FIRE APPEARANCE: NONE

VALVE STATUS INPUT PRESS INPUT FLOW OUTPUT PRESS OUTPUT FLOW

SAFETIES SHUT LOW LOW NONE NONE

PLANT STATUS-BOILER

BOILER STRAM DRUM WATER LEVEL: NORM BOILER STEAM DRUM PRESSURE: LOW
BOILER STEAM DRUM FLOW IN: NORM BOILER STEAM DRUM FLOW OUT: LOW
BOILM STEAM DRUM TEMP: LOW

BOI.ER WATER DRUM FLOW IN: NORM BOILER WATER DRUM FLOW OUT: NORM

SUPERHEATER FLOW IN: LOW SUPERHEATER FLOW OUT: LOW
SUPERHEATER RUPTURE: FALSE SUPERHEATER TEMP- LOW

DESUPERHEATER FLOW IN: LOW DESUPERHEATER FLOW OUT: LOW
DESUPERHEATER RUPTURE: FALSE DESUPERHEATER TEMP: LOW

GENERATION TUBES FLOW IN: NORM GENERATION TUBES FLOW OUT: LOW
GENERATION TUBES RUPTURE: FALSE GENERATION TUBES TEMP: LOW

FURNACE DECK STATUS: FUELI_ON_DECK FIRING RATE: NONE
BOILER EXPLOSION: FALSE PERISCOPE- CLEAR
FRES LIT: FALSE FIRE APPEARANCE: NONE

VALVE STATUS INPUT PRESS INPUT FLOW OUTPUT PRESS OUTPUT FLOW

VSH OPEN LOW LOW LOW LOW

VALVE STATUS INPUT PRESS INPUTFLOW OUTPUT PRESS OUTPUTFLOW

MSS OPEN LOW LOW LOW LOW

VALVE STATUS INPUT PRESS INPUTFLOW OUTPUtPRESS OUTPUTFLOW

ASS OPEN LOW LOW LOW LOW

VALVE STATUS INPUT PRESS INPUTFLOW OUWPUTPRESS OUTIUT FLOW

DESUPIN OPEN LOW LOW LOW LOW

VALVE STATUSINPUTPRESS INPUTFLOW OUTPUT PRESS OUTPUTFLOW

BLEED SHUT LOW LOW NONE NONE

VALVE STATUS INPUT PRESS INPUT FLOW OUTPUT PRESS OUWUT FOW

AUG OPEN LOW LOW LOW LOW

VALVE STATUS INPUT PRESS INPD FLOW OUWUT PRESS OUTPUTRLOW

FDBIN OPEN LOW LOW LOW LOW

102



VALVE STATUS INPUT PRESS INPUT FLOW OUTPUT PRESS OUTPUT FLOW

ONEFIFTY
-IN OPEN LOW LOW LOW LOW

VALVE STATUS INPUT PRESS INPUTFLOW OUTPUT PRESS OUTPUTFLOW

Eit BLKHD
STOP OPEN LOW LOW LOW LOW

VALVE STATUS INPUT PRESS INPUTFLOW OUTPUT PRESS OUTPUTFLOW

AMRBLKHD
..STOP OPEN LOW LOW LOW LOW

VALVE STATUS INPUT PRESS INPUTFLOW OUTPUT PRESS OUTPUTFLOW

MWPSTM
-SUP OPEN LOW LOW LOW LOW

PLANT STATUS-BOILER

BOILER STEAM DRUM WATER LEVEL: HIGH BOILER STEAM DRUM PRESSURE: LOW
BOILER STEAM DRUM FLOW IN: NORM BOILER STEAM DRUM FLOW OUT: LOW
BOILER STEAM DRUM TEMP: LOW

BOILER WATER DRUM FLOW IN: NORM BOILER WATER DRUM FLOW OUT: NORM

SUPERHEATER FLOW IN: LOW SUPERHEATER FLOW OUT: LOW
SUPERHEATER RUPURE FALSE SUPEREATER TEMP: LOW

DESUPERHEATER FLOW IN: LOW DESUPERHEATER FLOW OUT: LOW
DESUPERHEATEi RUPTURE: FALSE DESUPERHEATER TEMP: LOW

GENERATION TUBES FLOW IN: NORM GENERATION TUBES FLOW OUT: LOW
GENERATION TUBES RUPTURE: FALSE GENERATION TUBES TEMP: LOW

FURNACE DECK STATUS: FUELON-DECK FIRING RATE. NONE
BOILER EXPLOSION: FALSE PERISCOPE- CLEAR
FIRES LIT: FALSE FIRE APPEARANCE: NONE

Ob. mamsr h., bow may I smy, you? ui
CHANGE VALVE (C)HARACTERISTIC OR (V)ALVE STATUSv

ENTER VALVE TO CHANGE: vsh

VALVE STATUS INPUT PRESS INPUT FLOW OUTPUT PRESS OUTPr FLOW

VSH SHUT NORM NORM NONE NONE

VALVE STATUS INPUT PRESS INPUT FLOW OUTPUT PESS OUTPUT FLOW

VSH SHUT HIGH NORM NONE NONE

VALVE STATUS INPUT PRESS INPUT FLOW OUTPUT PRESS OUTPUT FLOW

MSS OPEN NONE NONE NONE NONE

VALVE STATUS INPUT PRESS INPUT FLOW OUTPUT PRESS OUTPUT FLOW

DESUPJN OPEN NONE NONE NONE NONE
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VALVE STATUS INPUT PRESS INPUT FLOW OUTPUT PRESS OUTPUT FLOW

BLEED SHUT NONE NONE NONE NONE

VALVE STATUS INPUT PRESS INPUT FLOW OUTPUT PRESS OUTPUT FLOW

ER BLKHD
-STOP OPEN NONE NONE NONE NONE

VALVE STATUS INPUT PRESS INPUTFLOW OUTPUT PRESS OUTPUTFLOW

AMRBLKHD
-STOP OPEN NONE NONE NONE NONE

VALVE STATUS INPUT PRESS INPUTFLOW OUTPUTPRESS OUTPUTFLOW

MFPSTM
-SUP OPEN NONE NONE NONE NONE

VALVE STATUS INPUT PRESS INPUTFLOW OUTPUT PRESS OUTPUTFLOW

ASS OPEN NONE NONE NONE NONE

VALVE STATUS INPUT PRESS INPUT FLOW OUTPUTPRESS OUTPUTFLOW

AUG OPEN NONE NONE NONE NONE

VALVE STATUS INPUT PRESS INPUTFLOW OUTPUT PRESS OUTPUT FLOW

FDBJN OPEN NONE NONE NONE NONE

PLANT STATUS-BOILER

BOILER STEAM DRUM WATER LEVEL NORM BOILER STEAM DRUM PRESSURE: IUFTSAFEM
BOIER STEAM DRUM FLOW IN: NORM BOILER STEAM DRUM FLOW OUT: NORM
BOILER STEAM DRUM TEMP: NORM

BOILER WATER DRUM FLOW IN: NORM BOILER WATER DRUM FLOW OUT: NORM

SUPERHEATER FLOW IN: NORM SUPERHEATER FLOW OUT: NORM
SUPERHEATER RUPTURE: FALSE SUPERHEATER TEMP. NORM

DESUPERHEATER FLOW IN: NORM DESUPERHIEATER FLOW OUT: NORM
DESUPERHEATER RUPTURE: FALSE DESUPERHEATER TEMP- NORM

GENERATION TUBES FLOW IN: NORM GENERATION TUBES FLOW OUT: NORM
GENERATION TUBES RUPTURE: FALSE GENERATION TUBES TEMP: NORM

FURNACE DECK STATUS: NO.FUEL.ON_DECK FIRING RATE. NORM
BOILER EXPLOSION: FALSE PERISCOPE- CLEAR
FIRES LT: TRUE FIRE APPEARANCE- FAN-SHAPED

VALVE STATUS INPUT PRESS INPUT FLOW OUTPUT PRESS OUTPUT FLOW
ONEFIFFY

IN OPEN NONE NONE NONE NONE

VALVE STATUSINPUTPRESS INPUTFLOW OUTPUTPRESS OUTPUTFLOW

SAFETIES OPEN NORM NORM NORM NORM
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PLANT STATUS-BOILER

BOILER STEAM DRUM WATER LEVEL: NORM BOILER STEAM DRUM PRESSURE: LIFtSAFE FL
BOILER STEAM DRUM FLOW IN: NORM BOILER STEAM DRUM FLOW OUT: NORM
BOILER STEAM DRUM TEMP: NORM

BOILER WATER DRUM FLOW IN: NORM BOILER WATER DRUM FLOW OUT: NORM

SUPERHEATER FLOW IN: NORM SUPERHEATER FLOW OUT: NORM
SUPERHEATER RUPTURE: FALSE SUPERHEATER TEMP. NORM

DESUPERHEATER FLOW IN: NONE DESUPERHEATER FLOW OUT: NONE
DESUPERHEATER RUPTURE: FALSE DESUPERHEATER TEMP: NORM

GENERATION TUBES FLOW IN: NORM GENERATION TUBES FLOW OUT: NORM
GENERATION TUBES RUPTURE: FALSE GENERATION TUBES TEMP: NORM

FURNACE DECK STATUS: NOLFUEl.PN DECK FIRING RATE: NORM
BOILER EXPLOSION: FALSE PERISCOPE: CLEAR
FIRE LIT: TRUE FIRE APPEARANCE: FANSHAPED

VALVE STATUS INPTl PRESS INPUT FLOW OUTPUT PRESS OUWUTPFLOW

VSH SHUT LIFI.,SAFE-I NORM NONE NONE

VALVE STATUS INPUT PRESS INPUT FLOW OUTPUT PRESS OUTPUT FLOW

SAFElIES OPEN LIFTSAFE HU NORM LIFr.SAFEIU NORM

PLANT STATUS-BOILER

BOILER STEAM DRUM WATER LEVEL NORM BOILER STEAM DRUM PRESSURE HIGH
BOIE STEAM DRUM FLOW IN: NORM BOILER STEAM DRUM FLOW OUT: NORM
BOILER STEAM DRUM TEMP: NORM

BOILUR WATER DRUM FLOW IN: NORM BOILER WATER DRUM FLOW OUT: NORM

SUPERHEATER FLOW IN: NORM SUPERHEATER PLOW OUT: NORM
SUPERHEATER RUPTURE: FALSE SUPERHEATER TEMP-. NORM

DESUPIRHEATER FLOW IN: NONE DESUPERHEATER FLOW OUT: NONE
DESUPERH1EATER RUPTURE: FALSE DESUPERHEATER TEMP. NORM

GENERATION TUBES FLOW IN: NORM GENERATION TUBES FLOW OUT: NORM
GENERATION TUBES RUPTURE: FALSE GENERATION TUBES TEMP: NORM

FURNACE DECK STATUS: NOYUELONDECK FIRING RATE: NORM
BOILER XPLGSION: FALSE PEISOPE. CLEAR
FIES UT: TRUE FIRE APPEARANCE: FANSHAPED
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VALVE STATUS INPUT PRESS INPUT FLOW OUTPUT PRESS OUTPUT FLOW

SAFETIES OPEN HIGH NORM HIGH NORM

PLANT STATUS-BOILER

BOLE STEAM DRUM WATER LEVEL: NORM BOILER STEAM DRUM PRESSURE: NORM
BOILER STEAM DRUM FLOW IN: NORM BOILER STEAM DRUM FLOW OUT: NORM
BOILM STEA DRUM TEMP- NORM

BOILR WATER DRUM FLOW IN: NORM BOILER WATER DRUM FLOW OUT: NORM

SUPERHEATER FLOW IN: NORM SUPERHEATER FLOW OUT: NORM
SUPERHEATER RUPTURE: FALSE SUPERHEATER TEMP: NORM

DESUPERHEATER FLOW IN: NONE DESUPERHEATER FLOW OUT: NONE
DESUPERHEATER RUPTURE: FALSE DESUPERHEATER TEMP: NORM

GENERATION TUBES FLOW IN: NORM GENERATION TUBES FLOW OUT: NORM
GENBRATION TUBES RUPTURE: FALSE GENERATION TUBES TEMP: NORM

FURNACE DECK STATUS: NOFUEL-ONDECK FIRING RATE: NORM
BOIE EXPLOSION: FALSE PERISCOPE: CLEAR
FIRES LIT: TRUE FIRE APPEARANCE: FAN..SHAPED

VALVE STATUS INPUT PRESS INPUT FLOW OUTPUT PRESS OUTPUT FLOW

SAFETIES SHUT NORM NORM NONE NONE

PLANT STATUS-BOILER

BOUR STEAM DRUM WATHR LJEL NORM BOILR STEAM DRUM PRESSURE: NORM
BOILR STEAM DRUM FLOW IN: NORM BOILER STEAM DRUM FLOW OUT: NORM
BOILER STEAM DRUM TEMP- NORM

BOILM WATER DRUM FLOW IN: NORM BOILER WATER DRUM FLOW OUT: NORM

SUPERHEATER FLOW IN: NORM SUPERHEATER FLOW OUT: NORM
SUPERHEATETR RUPTURE: FALSE SUPERHEATER TEMP- NORM

DESUPERHEATER FLOW IN: NONE DESUPERHEATER FLOW OUT: NONE
DESUPUHEATER RUPTURE: FALSE DESUPERHEATER TEMP . HIGH

GENERATIO TUBES FLOW IN: NORM GENERATION TUBES FLOW OUT: NORM
GENERATION TUBES RUPTURE: FALSE GENERATION TUBES EMiP: NORM

FURNACE DBCK STATUS: NOYUELON_DCK FIRING RATE: NORM
BOILER EXPLOSION: FALSE PERISCOP& CLEAR
FIRS LIT: TRUE FIRE APPEARANCE: FAN-SHAPED

VALVE STATUS INPUT PRESS INPUT FLOW OUTPUT PRESS OUTPUT FLOW

VSH SHUT NORM NORM NONE NONE
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VALVE STATUS INPUT PRESS INPUT FLOW OUTPUT PRESS OUTPUT FLOW

VSH SHUT HIGH NORM NONE NONE

VALVE STATUS INPUT PRESS INPUT FLOW OUTPUT PRESS OUTPUT FLOW

SAFETIES OPEN NORM NORM NORM NORM

PLANT STATUS-BOILER

BOILER STEAM DRUM WATER LEVEL NORM BOILER STEAM DRUM PRESSURE: LIFT..SAFEHI
BOILER STEAM DRUM FLOW IN: NORM BOILER STEAM DRUM FLOW OUT: NORM
BOILER STEAM DRUM TEMPI NORM

BOILER WATER DRUM FLOW IN: NORM BOILER WATER DRUM FLOW OUT: NORM

SUPERHEATER FLOW IN: NORM SUPERHEATER FLOW OUT: NORM
SUPERHEATER RUPTURE: FALSE SUPERHEATER TEMP. NORM

DESUPERHEATER FLOW IN: NONE DESUPERHEATER FLOW OUT: NONE
DESUPERIEATER RUPTURE: FALSE DESUPERHEATER TEMP. HIGH

GENERATION TUBES FLOW IN: NORM GENERATION TUBES FLOW OUT: NORM
GENERATION TUBES RUPTURE: FALSE GENERATION TUBES TEMP: NORM

FURNACE DECK STATUS: NO_FUELON_DECK FIRING RATE: NORM
BOILER EXPLOSION: FALSE PERISCOPE- CLEAR
FIES LIT: TRUE FIRE APPEARANCE: FAN-SHAPED

VALVE STATUS INPUT PRESS INPUT FLOW OUTPUT PRESS OUTPUTFLOW

VSH SHUT LIF.SAFEHU NORM NONE NONE

VALVE STATUS INPUT PRESS INPUT FLOW OUTPUT PRESS OUTPUT FL.OW

SAFETIES OPEN LIFTSAFEJI NORM LIFFTSAFEIf NORM

VALVE STATUS INPUT PRESS INPUT FLOW OUTPUT PRESS OUTPUT FLOW

SAFETIES OPEN HIGH NORM HIGH NORM

PLANT STATUS-BOILER

BOILER sEAM DRUM WATER LEVEL NORM BOILER STEAM DRUM PRESSURE: HIGH
BOR STEAM DRUM FLOW IN: NORM BOILER STEAM DRUM FLOW OUT: NORM
DORLM STEAM DRUM TEMP: NORM

BOILER WATER DRUM FLOW IN: NORM BOWLR WATER DRUM FLOW OUT: NORM

SUPERHEATER FLOW IN: NORM SUPERHEATER FLOW OUT: NORM
SUPERHEATER RUPTURE FALSE SUPERHEATER TEMP: NORM

DESUP THEAIR FLOW IN: NONE DESUPERHEATER FLOW OUT: NONE
DESUPERATER RUPTURE: FALSE DESUPERHEATER TEMP. HIGH

GENERATION TUBES PLOW IN: NORM GENERATION TUBES FLOW OUT: NORM
GENERATION TUBES RUPTURE: FALSE GENERATION TUBES TEMP: NORM
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FURNACE DECK STATUS: NO-FUEOL-NDECK FIRING RATL: NORM
BOILER EXPLOSION: FALSE PERISCOPE: CLEAR
FIB LIT: TRUE FIRE APPEARANCE: FANSHAPED

PLANT STATUS-BOILER

BOILER STEAM DRUM WATER LEVEL: NORM BOILER STEAM DRUM PRESSURE: NORM
BOILER STEAM DRUM FLOW IN: NORM BOILER STEAM DRUM FLOW OUT: NORM
BOILER STEAM DRUM TEMP: NORM

BOILR WATER DRUM FLOW IN: NORM BOILER WATER DRUM FLOW OUT: NORM

SUPERHEATER FLOW IN: NORM SUPERHEATER FLOW OUT: NORM
SUPERHEATER RUPTURE FALSE SUPERHEATER TEMP: NORM

DESUPERHEATER FLOW IN: NONE DESUPERHEATER FLOW OUT: NONE
DESUPERHEATER RUPTURE: FALSE DESUPERHEATER TEMP: HIGH

GENERATION TUBES FLOW IN: NORM GENERATION TUBES FLOW OUT: NORM
GENERATION TUBES RUPTURE: FALSE GENERATION TUBES TEMP: NORM

FURNACE DECK STATUS: NOFUEL_0NDECK FIRING RATE: NORM
BOILER EXPLOSION: FALSE PERISCOPE CLEAR
FIRES LIT: TRUE FIRE APPEARANCE: FANSHAPED

VALVE STATUS INPUT PRESS INPUT FLOW OUTPUT PRESS OUTPUT FLOW

SAFETIES SHUT NORM NORM NONE NONE

Ob, maie rm, how may I serm you? main
CHANGE VALVE (C)HARACTTRTC OR (V)ALVE STATUSc

ENTER VALVE TO CHANGE: ar~u-
CHANGE INPUT (F)LOW OR INPUT (P)RESSURENf

CHANGE TO (N)ONE. (L)OW, N(O)RM. (HIOH7h

VALVE STATUS INPUT PRESS INPUT FLOW OUTPUT PRESS OUTPUT FLOW

AR.REG OPEN NORM HIGH NORM HIGH

PLANT STATUS-BOILER

BOILER STEAM DRUM WATER LEVEL NORM BOILER STEAM DRUM PRESSURE NORM
BOILER STEAM DRUM FLOW IN: NORM BOILER STEAM DRUM FLOW OUT: NORM
BOIER STEAM DRUM TEMi NORM

BOILER WATER DRUM FLOW IN: NORM BOILER WATER DRUM FLOW OUT: NORM

SUPERHIEATER FLOW IN: NORM SUPERHEATER PLOW OUT: NORM
SUPERHEATER RUPTURE FALSE SUPERHEATER TEMP. LOW

DESUPERHEATER FLOW IN: NORM DESUPERHEATER FLOW OUT: NORM
DESUPERHEATER RUPTURE: FALSE DESUPERHEATER TEMP. NORM
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GENERATION TUBES FLOW IN: NORM GENERATION TUBES FLOW OUT: NORM
GENERATION TUBES RUPTURE: FALSE GENERATION TUBES TEMP: NORM

FURNACE DECK STATUS: NOYFUEL-ONDECK FIRING RATE: NORM
BOIER EPLOSON: FALSE PERISCOPE: ORANGE
FIRES LIT: TRUE FIRE APPEARANCE: IRREGULAR

PLANT STATUS-BOILER

BOIER STEAM DRUM WATER LEVEL: NORM BOILER STEAM DRUM PRESSURE: NORM
BOR STEAM DRUM FLOW IN: NORM BOILER STEAM DRUM PLOW OUT: NORM
BOILM STEAM DRUM TEMP- NORM

BOIER WATER DRUM FLOW IN: NORM BOILER WATER DRUM FLOW OUT: NORM

SUPERHEATER PLOW IN: NORM SUPERHEATER FLOW OUT: NORM
SUPERHEATER RUPTURE: FALSE SUPERHEATER TEMP. LOW

DESUPERliHATI PLOW IN: NORM DESUPERHEATER FLOW OUT: NORM
DESUPERHEATER RUPTURE: FALSE DESUPERHEATER TEMP. NORM

GENERATION TUBES FLOW IN: NORM GENERATION TUBES FLOW OUT: NORM
GENERATION TUBES RUPTURE: FALSE GENERA7ION TUBES TEMP: NORM

FURNACE DECK STATUS: NOFUELONDECK FIRING RATE: NORM
BOILER EXPLOSION: TRUE PERISCOPE: ORANGE
FIRES LIT: TRUE FIRE APPEARANCE: IRREGULAR
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APPENDIX C (ADA/LISP COMPARISON CODE)

ADA CODE

with TEXTJO;

use TEXTjO;

procedure B3OIER-MODEL is

type MEASUREMENTYALUE is (OPEN, SHUT, HIGH. NORM, LOW, NONE,
HIGH-BUTNOT_-ALARM, LO)WBUL-NOLrALARM. HIGH-ALARM.

L)W-ALARM, SAFETIES-LIFT.JIIGH, DRAGL0FF-LINE-...OW,
CLEAR. ORANGE);

typ IM is (A...MSS, A.ASS, A-DESUP-N, A-SH-PROT-JN, A-.SAFETIES,
AJRREG, A-.SHUTTIERS. A.YLJEL-AAN, AJU'CV,

A FORECIRC, FUEL-PUMP..DISCH, A-FEED..STOP, A-FWCV,
A.MAkNtCHK, A-.BLEED, AUG, FDB-IN, ONEyPTYJN,
SOOTBALOW-.SUP. PMAC-JN, ER-BLKHD-STOP,
AMR-BLKHD-STOP...STM-.SUP);

pwbpa HO is new InlEGERJO(INIEGER);

pacage BDE-10 is new ENUMERATIONJOQINDEX);

psake MEASUREMEWTYALUE-1O is nw
ENUMERA11ONJO(MEASUREMENT_..ALUE);

on MEASUREMENTVALUE-J&,

type VALVE;

type VALVE-MR is accen VALVE;

ype CROSS-CHECK is sry(A-MSS..MW-STM-.SUP) of VALVELPTR;
VALVE,-LOOK UJP- CROSS-.CHECK,

typ VALVE-rR...ARRAY is orray(1.. 10) of VALVErR;

type VALVE is
record

VALVE-Mi fDEX;
UPSTREAM. DOWNSTREAM: VALVELPTR..ARRAY;
COUNTED-. BOOLEAN:- FALSE;
NEXT: VALVEJFR;
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STATUS: MEASUREMENTVALUE:= SHUT;
INPUT: MEASUREMENTVALUE:= NONE;
OUTPUT: MEASUREMENTYALUE:= NONE;

end recod

VIRTUALSH.OLrE: VALVEYR:= new VALVE;
AHA.MAIN STEAM...STOP: VALVEYTR:= now VALVE;

APHA..AUX .. TEAMSTOP: VALVE~: ne ALE
ALPHA DESUPERHEATERJINLET: VALVE..YIR:= new VALVE;
APHA SUPERHEATER PROTECTION-INLET: VALVE71R:= new VALVE;
ALPHA:-SAFETIES: VALVEYTR:= now VALVE;
APHA..AIR REGISTERS: VALVEYTh- new VALVE;
ALPHA _AIR7-SHUTFERS: VALVEYFR:= new VALVE;
ALPHA .FELMANIFOLD, VALVELPTR-= new VALVE;
ALpHARJUEL.OL..CONTROLYVALVE: VALVE_VR:= new VALVE;
ALPHA UEL..RECIRC: VALVEPTR. new VALVE;
FO..SVC.YUMP...DISCH: VALVEYM-- new VALVE;
ALPHA - ED STOP VALVE: VALVEIX:= new VALVE;
ALPHAJWCV: VALVEVMR= new VALVE;
ALPHA MANUAL .CHECKYVLV: VALVEJFR:= new VALVE;
ALPHAT.BLEEDER: VALVIRM- new VALVE;
AUGMENTOR: VALVEJFR= new VALVE;
FDBBNLET: VALVEYFR:= new VALVE;
ONE FIFTY INLET: VALVEPrR:= new VALVE;
SOOT...LOWERSUPPLY: VALVEJTR:= new VALVE;
PMAC INLET: VALVE PR.= new VALVE;
ER.BUtKHEAD..STOP VALVEJFM:= new VALVE;
AMR -BULKEAD .STOR. VALVE PTR:= new VALVE;
MFP .STM..,SUPPLY: VALVErR:= new VALVE;

TRACE REVISED, REPROPAGATE, GONE-.THRU: boolean:= FALSE;

type BOILE is
recod
WATMRJEVEL: MEASUREMENT.VALUE- NORM;
STEAM b.Rum YREssuRE suRHEATER-.OUTLETJEm?

MEASUJREMT.YALUE-- LOW;
FUEL-PRESSURE, AIR: MEASURtEMENT-Y.ALUE.= NONE;
FIRE-STATUS: BOOLEAN:= FALSE;

end record;

ALPHA-BOUER: BOILER:

-pncedure to cablMs valve up-Wmdowuffeun order

procedure ASSIGN-YALVE..ORDER is

bedu
VIRTUAL-SH_.OUTLET.DOWNSTRE-AM(I):- AL.PHA..MAIN-.STEAISTOP.
VIRTUAL SHLOTLET.DOWNSTREAM(2):- ALPHA-.DESUPERHEATER-INLET.
ALPHA MIN STEAM..STOP.UPSTREAM(1):- VIRTUAL-SH-QUOIYLXT,
ALHAMAINSTAMSTOPDOWNSTREAM(l)- EBLKHEAD-STOP;,
ALPHA -MAIN STEAM S.TOP.DOWNSTREAM(2)-- AMBUKGEAD-STOP;
ALFHA.JdAIN.STEAMLSTOP.DOWNSTREAM(3)-= MP.STM-SUPPLY;
ALIHA-DESUPERHEATE~jNLET.UPSThEAM(I):- VIRTUAL..SH-OU1LT;
ALPHA-.DESUPERHEA1ER-JNLET.DOWNSTREAMWl- AIHA..AUX..STEAM1'0P.
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ALPHADESUPERHEATERNLETJ)O WNSTREAM(2):- ALPHABLEEDER;
ALPHAAUX_STEAM...STOP.UPSTREAM(1):= ALPHA.DESUPERHEATERJN4LET;
ALPHA_.AUX_.STEAM....STP.DOWNSTREAM(l):- AUGMENTOR;

ALP&.AX..STEAM..STOP.DOWNSTREAM(2):= FDBJNL-ET;
ALPHA -AUX -STEAM -STOP.DOWNSTREAM(3):= ONE-IFrYJNLET;
ALPHA-AUXS.IF.AMSTOP.DOWNSTREAM(4):= SOOT..BLOWER.SUPPLY;
ALPHA-AUX.SThEAM-.STOP.DOWNSTREAM(5):= PMAC-JNLET;
ALPHA_.AIR.REGISTERS.UPSTREAM(1):- ALPHAI&WSHUTIERS;
ALPHA .AIR..$HUTFERS.DOWNSTREAM(1): ALPHA-.AIR.REGISTERS;
APHAY-UEL.ANR)DUPSTREAM(l):- ALPHAFUEL01L...CONTROL_ VALVE;

MLPHA-yUEL OILCONTROLyALVE.UPSTREAM(1):= FQSVC-PUMP-ISCH;
ALPHA!UEO1L.CONTROLVAL VE.DO WNSTREAM( 1):.

ALPHA EOL..CNIOLYALE4JWNTREAM(2):- ALPHAFUEL_-RECIRC;
ALPH~yULRECRC.PSTRAM():- LPH.YLJk.OL..ONWROLYALVE,

F S : C Y M . D ~ H D O N ~ E M 1 : A L0H C V ; I L X O O L _- V A L V E ;

ALPHAJFWCV.DOWNSTREAM(1):- ALPHA-MANUAL-CHECK2JLV;
ALPHA-ANUAL..CHECK VLV.UPSTREAM(1):- ALPHA FWCV;.
ALPHA-BLEEDE-i.UP hA(I):- ALPHA-DESUPERHEATERJNLET;
AUGMENTOR.UPSTREAM(I):. ALPH&AUX..$TEAM..$TOP;
FDB~jNLET.UPSTREAM(1)- ALPHA..AUX..SThAM.STOP,
ONE..FIFFY INLET.UPSTREAM(1):- ALPH&AUX-.STEAM-.STOP;
SOOftBLOWER.SUPPLY.UPSTREAM(1):= ALPH&AUX-STEAM-SI'P;
PMAC NLET.UPSTREAM(1):= ALPHAAUX-STAM51TJP,
ER-dULHEAD..STOP.UPSTREAM(1).-- ALPHA-MAIN-STEAM..STOP.
AMR-BUKHEAID5IOP.UPSTREAM(l):- ALPHA..MAIN..STAMSTOP;
MFP...STMSUPPLY.UPSTRMAM(1):- ALPHA-.MAUL-STEAM...STOP,

end ASSIGNYVALVE.PRDER;

-pocedue io"sm up a bairn

proure UIGHT-OFF is

ALPHA)BOLUSTEAM.DRUMjRESSURF-m NORM;
ALPHA DOIER.SUPERHEATER -OJTLET-TEMP.- NORM;
ALPHAJBOILER.FEL..PRESSURE.- NORM;
ALPHA)BOILERAIR:u NORM;
ALPIIABOILERMIE-.STATUS:- TRUE;

and UIGHT..OFF;

-pocedm iW put bodae on doe line and alipn vale

procedre INITIALZE)LANT is

CURRENT- VALVEMFR ALPHA-MAIN..STEAMSrOP,

be&

ASSIGN VALVE-.ORDR

LIOFF.6FF.
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lv' RTUAL..5H..OUTLET.STATUS:= OPEN;
VIRTUAL_-SHOUThET.INPIUr:= NORM;
ALPHA...MAIN...STEAMSTOP.STATUS:= OPEN;
ALPHAMAINSTEAMSTOP.NEXT:= ALPHA-AUJXEASO
ALPHAAUXSTEAM..STOP.STATUS:= OPEN; -TA-TP
ALPHA-AUX-STEAMSTOP.NEXT:= ALPHA-.DESUPERHEATERINLET;
ALPHA-)ESUPERHEATERINLET.STATUS:= OPEN;
ALPHA-DESUPERHEATERJINETNEXT:=

ALPHASUPERHEATERPROTECTION_INLET;
ALPHA-.SUPERHEATERPROTECTIONJNiLET.STATUS:= SHUTr;
ALPHA-.SUPERHEAERYPROTECTIONIN4LETYNEXT:'= ALPHASAFETIES;
ALPHA..SUPERHEATERPROTECTIONJNLET.INPUr:= NORM;
ALPHA-.SAFETIES.STATUS:u. SHUT;
ALPHA-SAFETES.NEXT:= ALPHA-AIR-REGISTERS;
ALPHA-SAFETIES.INPUr:= NORM;
ALPHA..j4R-REGISTERS.STATUS:= OPEN;
ALPHA.AIR..REGISTERS.NEXT:= ALPHAAIR_SHUrTERS;
ALPHA-AIR-SHUrRS.STATUJS:. OPEN;
ALPHA-AMR.SHUflTERS.NEXT:= ALPHA-JUEL_-MANIFOLD;
ALPHA-AIRtSHUITERSINPUFT:= NORM;
ALPHA-JUEL-ANFOLD.STATUS:n OPEN;
ALPHA-FUEL -MANEFOLD.NEXT:- ALPHAFUEL_,OIL,_CONTROL,_VALVE;
ALPHA.UEL-.OIL_-CONTROL_- VALVE.STATUS:= OPEN;
ALPHA-YUEL.9IL-CONTROLVALVENEXT:=- ALPH&.FUEL_.RECIRtC;
ALPHA-jUEL-RECRC.STAIUS:= SHUT;
ALPHA-!UEL-RECIRC.NEXT:= F;.SVC-UMPDISCH;
R)_SVC-PUMP..DISCH.STATUS:- OPEN;
FO-SVC-UMP..DISCHMNEXT:= ALPHAFEED..STOP VALVE;
FO..SVCUMPDISCHINPUT:.= NORM;
ALPHA-YEED..STOFPVALVE.STATUS:= OPEN;
ALPHAYEED..STOPY-ALVENEXT:= ALPHAFWCV;
ALPHAJFED-STOPVALVEINPUT:= NORM;
ALPHA.YWCV.STATUS-u. OPEN;
ALPHAJWCVNM:= ALPHAYANUALCHECK-YLV;
ALPHA..MANUALCHECK-VLVSTAThJS:= OPEN;
ALPHA-AMANUALXCHECKYVLVNEXT:= ALPHABLEEDER;
ALPHA-BLJEEDERSTATUS-- SHUJT;
ALPHABLEEDER.NEXT:.- AUGMENTOR;
AUOMENTOR.STATUS.= OPEN;
AUGMENTOR.NEXT.- FDB INLET:
FDDJNLE.STAIUS:= OPEN;
FDBNLETNEXT= ONEFIFTNLET;
ONE- fIFYJNTSTATUJS:= OPEN;
ONEJIUrYNLETNEX:- SOOT...BLOWER-SUPPLY;
SOOT BLOWER SUPPLY.STATUS:= OPEN;
SOOTBL.OWER-.SUPLYNEXT:= PMAC INLET;
PMACINLET.STATUS:= SHUT;
PMAC A NLETNEXT:w BltUJKA..STOP,
ER-.BULKHEAD-.STOP.STATUS:= OPEN;
ER...BULKHEAD-STOP.NEXT: AMR.BULKHEAD STOP;
AMR..BULKHEAP-STOP.STATUS:. OPEN;
AMR BULKHBAD-.STOP.NMXT: MW_STM_SUPPLY;
MFP..SThI.SUFPLY.STATUS:= OPEN;
for i in A..MSS..W.SIh.SUP lop

CURRENT. VAL YE, jou ,;
VALVE..LOOKJP(i):- CLURENT;
CUIRRENT- CURRENT.NEXT;

end IUALIM-PANT;

113



-procedure to provide trace to user

procedur SHOWYVALVEL.STATUS (AFFECTED: in out VALVEYFPR) is

CURRENT: VALVE-VrR:= ALPHA-MAIN-STEAM..STOP;

be&

PLTFC'VALVE");
SET-COL(30);
PUI'("STATUS");
SET-COL(40);
PUT("IqnP*Y'
SET-COL(60);
PUT..jAE("UTPUT");
PUT("-"w);
SEL-COL(30);
PUT"-");
SET...COL(40);
PUT(M-1.)
SET-.COL(60);
PtTrC-);
NEW-UNE(2;
while CURRENT /- null loop

PUT(CURRENT.VALVELID);
SET-.COL(30);
PUT(CURRENT.STATUS);
SET COL.(40);
PUT(CURRENT34PU1);
SET...COL(60);
PUT(CURRENT.OUTPIUr);
if CURRENT a AFFECTED then

SET-COL(70);
P~rC'CHANGE**");

erldif.
NEWJJNM
CURRENT-= CURRENT.NEXT;

and loci;F

NEW..LINM()
end SHOWYALVE-STATUS;

-procedure ID check if there is still flow in a system after a valve status change.
-If mg., an overressurization will result.

procedure CHECKFOROW(VALVEIN: in out VALVETR; FLOW: in out BOOLEAN) is

COUNT. COUN72: NATURAL-i;

VbALVEIN.COUNTED=- TRUE
if VALVE-IN.STATUS - OPEN and VALVE-IN.DOWNSTREAM(1) = null then

FLOW:- TRUE;
else

if VALVE-JN.STAIUS a OPEN then
while VALVEINDOWNSTREAM(COUNT) /- null and FLOW = FALSE loop
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if VALVELINDOWNSTREAM(COUNT)COUNTED = FALSE then
CHECK-OR-FLOW(VALVEJN.DOWNSTREAM(COUNT), FLO)W);

end if-,
COUNT:= COUNT + 1;

ead loop;
end if-,
if FLOW = FALSE then

while VALVEJN.UPSTREAM(COUNT2) /= null and FLOW = FALSE loop
CHECKFORFLOW(VALVEJIN.UPSTREAM(COUNT2). FLOW);
COMMT2= COU.NT2 + 1;

end loop;
end if;

end if-.

end CHECKFOR-FLOW;

--procedure to creat the overpressurization if there is no flow

procedure OVERPRESSURE(AFFECTED: in out VALVELPTR) is

COUNT, COUN72: NATURAL:= 1;

begin

AFFECTED.INPUT:= HIGH;
if TRACE = TRUE then

SHOW-VALVE-STATUS(AFFECTED);
eid if-,
while AF ECI'PD.UPSTREAM(COUN'1) /-- null loop

AFFECTED.UPSTREAM(COUNT).OUTPUJT:= HIGH;
while AFFECTED.UPSTREAM (COUNTh.DOWNSTREAM(COUN72) 1=null loop

if AFFECTED UPSTREAM(COUNT).DOWNSTREAM(COUN12)INPUIT /6
HIGH then

OVERPRESSURE(AFFE~rE.UPSTREAM(COUNT).DOWNSTREAM
(COUNT2));

aid if;,
COUNT2-= COUNT2 + 1;

N AFFCTED UPSTREAM(COUNI).STATUS = OPEN then
OVERPRESSURE(AFFECED.UPSTREAM(COUNT));

end if-,
COUNT-= COUNT + 1;

end loop;
end OVERPRESSURE;

-procedure to enswm proper propagation of valve input/outputs

procedure PROPAGATEYALVE-VALUES (AFFECTED- in out VALVEYMR) is

COUNT: NATURAL-i;
FLOW: BOOLEAN:- FALSE;
CURRENT: VALVEYrR= ALPHA_.MIN..TAM_SOP,

if AFFECTED.STATUS = OPEN then
AFFECTED.OUTPUT:= AFFECTED.INPUTr;
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if TRACE an TRUE then
SHOW-VALVE..STATUS(AFFECTED);

end ifi;
e
AFPECTED.OUTPUT:= NONE;
if TRACE = TRUE then

SHOWYALVE-.STATUS(AFFECTED);
aid if-,
CHECKYORYLOW(AFFEC1'ED. FLOW);
if FLOW - FALSE then

OVERPRESSURE(AFFECTED);
end if.
while CURRENT /6- null loop

CURRENT.COUNTED:= FALSE;
CURRENT:- CURRENT.NEXT;

end loop;
end if,
while AFFECTED.DOWNSTREAM(COUNT) /66 null loop

AFFECTED.DOWNSTREAM(COUNT)INPUT= AFFECTED.OUTPUT;
PROPAGATEY -ALVEY-ALUES(AFFCTD.DOWNSTREAM(COUNT));
COUNT:= COUNT + 1;

aid koop;

aid PROPAGATEVALVE.YALUES;

.-start updating boiler status once a valve propagation has been completed

procedmi ALPHA...BOILERUJPDATE is

bei

ALPHABPOILER.FUELJRESSURE:= ALPHALJUEL-MANIFOLD.OLTUT;
ALPHABAOIl.ERAJR:= ALPHAAIRREGISTERS.OtTPUI';
if ALPH&BOILELFUELYRESSURE = NONE then
ALPHA_.BOI.RFIRE.STATUS:- FALSE;

end if,
if ALPHA.)OILELYRESTATUS = FALSE AND GONE..THRU = FALSE then
ALPBORT 7EAMDRUMRESSURE=- LOW,
AL.PHA..BOLRSUPERHATEROTLETTEMP.- LOW;
if ALPH&MAW STEAM-STOP.STATLJS = OPEN

or ALPHA-DESUPERHEATERJN4LET.STATUS =OPEN then
REROPAGATE:- TRUE;

end if;,
GONETHRU:-= TRUE;

end if-,
cawe ALPH&.MANUAL..CHECK.YLV.OtTPUT is

when NORM=>
ALIPHA-BOILERWATER-LEVEL- NORM;

when NONE->
ALPHA..BOILER.WATER-LEVEL-- LO)W.ALARM;

when LOW=>
ALPHA-.BOLER.WATER LEVEL-- LOWBUTLNOTALARM;

when HIGH->
if ALPHA-MAIN-STEAM-STOP.STATUS = SHUT and

ALPHA DESUPERHEATERNETSTATJS - SHUT then
ALPH&BoLER.WATERLEVEL:- HIGILALARM;

else
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ALPHA-BOILER.WATERLEVEL:= HIGH-BUT-NOT.ALARM;
end if',

when othes->
null;

and caw;
if VIRTJAL..SHOLTLET.JNPUT - HIGH the

ALPHA..BOILERSTEAM..RUMYRESSURE:= SAFETIES j5FU{IGH;
eod if.,
ALPHA..SAFETIESNPUT:= ALPHA..BOLE.STEAM-DRUM-PRESSURE;
if ALPHA-SAFETIES.INPUT = SAFETIE&LIFT1JfGH dme

ALPHASAFETIES.STATLJS:= OPEN;
de

ALPHASAFETIES.STATJS:m SHUT;
end if;
if ALpHABoILER.STEAMiLDRLJMPRESURE = SAFETlES.LIFT_1UGH and

(ALPH&AAIN.STEA&.STOP.STATUS = OPEN or
ALPHA..DESUPERHEATERJNETSTATLJS = OPEN) the

if ALPHA..BOILERFIRE.STATUS -FALSE then
ALPHA.)BOLER.STEA&.DRUM-PRESSURE:= LOW;

ALPHA BoILERSTEAM..DRUMYRESSURE:= NORM;
end if,
REPROPAGATE:m TRUE;

end if;.
VIRTUAL_.SH.OU1l.ETJNPUT-= ALPHA.BOILER.STEAM..DRUMYPRESSURE;

end ALFHA..BOLER-UPDA1E;

-procedure to display current or revised stazu of firrom equipment

procedure STATUS,.DISPLAY is

if REVISED then
PUTJJNEMjlb following is the revised smzus of your plant");

PLr.LINEMUI following is t curent staus of your plant?);
end if,

PUT("1A BOILER");
SET-.COL.(40);
PU("-"),
NEW3EI

PUT("WATER LEVEL");
SETCOL(40);
PUfrALA..BIER.WAER..EVEL);
NEWAE
PUTC'STEAM DRUM PRESSURE");
SETCOL(4O);
PUT(ALPHA3OLERSTEAM-..RUM-PRESSURE);
NEWJ
PUTCUPEREAER OUTLET TEMP");
SETCOL(40);
PUT(ALPHABO ESUPERHEAMR-OULET-TEMP);
NEWMMN
PU r'FUEL PRESSURE");
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SET-COL(40);
PUT(ALPHABOIER.FUEL .PRESSURE);
NEWLJM
PUTC'COMBUSTION AIR");
SET-.COL(40).

T(ALPHA..BOILER.AIR);
NEWNE
PUT("STATUS OF FIRES");
SET-.COL(40);
if ALPHA-BOIEJRE-STATUS then

PUTrCN0T LIT";
end if-,
NEW...INE(2);

end STATUS-DISPLAY;

-main propagation proedure

Procedure PROPAGATE (VALVE-JN: in out VALVELYFR) is

CURRENT: VALVEPTR:= ALPHAvIAIN..STEAI&.STOP;

STATUS-DISPLAY;
PUT("FIlowing is a valve staus list.");
NEWLE2);,
PUTr('VALVE");

while CURRENT /a nulg loop
PU1T(CURRENT.VALVE 3D);
SET-COL(20);
PIUr(CURRENT.STATUS);
NEWL?4M
CURRENT-= CURRENT.NEXT;

NEJU2);
PUT(VALVE-JN.VALVE-D);
PUTLJNE(" stotu has been changed. Propton w~ra.)
NEW
if VALVE-JN.STATUS - OPEN then

VALVEIN.STATUS:= SHUT,
VALVEIN.OUTPUT.a NONE;

de
VALVEIN.STAflJS-a OPEN;

end if,
PROPAGATE..VALVEYALUES(VALVEJIN);
ALPH&.BOLRJPDATE
REVISED:= TRUE;
STATUSDISPLAY;,
if REPROPAGATE = TRUE then

PROPAGATEYALVERVALUES(VRTUAL..SH..OUTLE1);
and if;
REPROPAGATE.- FALSE;

end PROPAGATE;
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--staff the minn proedure here

BunAUEPLANT;.
pROPAGATEyALvEYvALUES(VtTAL.SHOUTLET);
PROPAGATE YALvEyALuEs(ALPHA_.A1R..SHuTrERS);
PIIOPAGATEY-ALVE2JYALUES(FOSYCPUMP..DISCH);
PROPAGATEVALVE _VALUES(ALPHA..YEED _STOP _VALVE);
TRACE- TRUE;
PROPAGATE(ALPA -EL.OIL-CONTROLVALVE);
pRopAGATE(ALPHA&DESUPERHEATERJNLET);
PROPAGA EALPH&ARI-STEAM..STOP);

* ~end WOL&OEL
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LISP CODE

(defstruct valve
valve-id
up-U
downstream
counted

input
output)

(defvar Ovirwal-sh-ouzlet* (make-valve
:upstream nil
:downsuuem '(*alpha-mamn.steam..s~op*

* a-jspeheaternfe*)
:status 'open
.counted 'false))

(defvar *alpha-main-steam-stop* (make-valve
.valve-id 'a-mss
.upstrewm '(*virtual-sh-outlet*)
.downstream '(e-ukla-tp

*amr-.buiekdj.stop*
*mfp-stm-supply*)

mcounted Idls))

(defvar *alpha-aux-u~eam-szap* (make-valve
:valve-id 'a-ass
:upstream '(alpha-desuperheater-inlet*)
.downsbe~am '(*augmcntor* *fdb-inlet'

*one-fjfty..ib"
*so.tblower-sloy* *pmac-jzlc*)

mcounted 'false))

(defvar *alpha-desuperbeaerinlee (make-valve
:valve-id 'a-desup-in
:upstm '(virtual-sh-oudet*)
:downsurea '(alpha-aux-stam-stop*

*alpha-blceder*)
mcounted WIse))

(debvar *alpha-superheatr-protection-inle (make-valve
:valve-id 'a-sh-prot-in
.upsUream nil
:downsmram nil
.counted 'false))

(defy. aipha-saifes* (make-valve
:valve-id 'a-safeties
:4upsuea nil
:downsueam nil
:counted 'false))
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(defvar *alpha-air-.rgisters* (make-valve
:valve-id 'a-air-reg
.upszream '(*alp-irshutr*)
:downsrar nil
:counted 'false))

(defvar *alpha-air-shutuers* (make-valve
:valve-id 'a-sbuuers
.upsUUem nil
:downsbrear '(*alpha-air-registers*)
mcounted 'false))

(dcfvaw *alplhJ-fuel-mnwjfod* (make-valve
:valve-id 'a-fuel-man
:upstream '(alpha-fue-oil-contzwl-valve)
:downstream nil
:counted 'false))

(defvar *alpha- ujel-oil-comrol-valve (make-valve
:valve-id 'a-focv
:upsum '(*fb-scpump-isch*)
:downstream '(*alpha-fuel-manifold*

*alphafuel-recirc*)
:counted 'false))

(defvar *alpha-fuel-recir* (make-valve
:valve-id 'a-fo-recirc
:upstream '(*alpha-fuel-oil-contrl-valve*

*alpha..fuel-manifold*)
:downstream nil
:counted 'false))

(defvar *fo..svc-pump..disch* (make-valve
:valve-id 'fuel-pump-disch
iqpstream nil
:downszrem '(*alpha-fue-oil-contrbl-valve*)
.condfas)

(defvar alpha-feed-stop-valve* (make-valve
.valve-id 'a-feed-stop
.upsu~m nil
.downsmram '(alpha-fwcv*)
.counted 'fase))

(defvr *alpha-fcv* (make-valve
:valve-id 'a-fwcv
:upsveam '(alpha-fbed-stop-valve*)
:downsum '(alpha-manual-check-vlv*)
mcounted 'false))

(defvr *alpha-manual-check-vlv* (make-valve
:valve-id 'a-man-cak
:Upsft=a '(alpha-ftwcv*)
:downstrem nil
mcounted 'false))
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(defvwr *alphableeder* (make-valve
:valve-id 'a-bleed
:upsurem '(apadsprhae-ne*
:downstream nil
:counted 'false))

(defvar *augmentor* (make-valve;
:valve-id 'aug
:upsreaan '(*alpa-uxsteamstop*)
:downsurn nil
:counted 'false))

(defar *fdb-inlet* (make-valve
.valve-id 'Mb-inV
*upsurem '(*alpha-aux-steam-stop*)
:downstream nil
:counted 'fase))

(defvar *one-flfty-inlet (make-valve
:valve-id 'one-fifty-in
:upsrcam '(*alpha-aux-steam-stop*)
:downsuram nil
:counted 'false))

(defvar *soot-blower-supply* (make-valve
:valve-id 'soot-blow-sup,
:upstream '(alpha-awx-steam-stap*)
:downsuram nil
mounted 'false))

(defvw *pmac-inlet* (make-valve
:valve-id 'pmae-in
:upsvan '(alpia-aux-steam-stop*)
:downstreun adl
:counted 'alse))

(defvar Ocr..bulkhead.sol (make-valve
:valve-id 'er-blkh-stcp

:downmcvam nil
-ounted Ufase))

(defvar *aar-buflkhead-sWp (make-valve
:valve-id 'uur-blklid-stop
.upweuwn X(alpa-minamsteam-stWp)
.dowsucam nad
mcounted 'false))

(defvw *mfp-stm-supply" (make-valve
:valve-id'infp-stn-sup,
: p * -ai-team-stW)

:counted 'ase))
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(defstruct boiler
water-level
steamidrmpresure
superheater-outlet-temp
fuel-pressure
air

(defvar *alpha-boiler* (make-boiler
:water-level 'nocm
:steatn-drum-pressure 'low
:supereer-outlet-temp 'low
:fuel-pressure 'none
:air 'none
:fire-gatus 'fase))

(defun light-off 0
(self (boiler-steam-drum-presure *alpha-boiler*) 'norm)
(setf (boiler-superheater-outlet-temap "al -boiler") 'norm)
(self (boiler-fuel-pressure "aipha-boi 'nr)
(seif (boiler-air "alpha-boiler*) 'norm)
(self (boiler-fire-status "alpha-boiler") 'true))

(defun iniialize-plant 0

( vlv-ipt Ovinual-sh-oulel") 'norm)
(self (valve-staus "alpha-main-steam-stop) 'open)
(self (valve-next "alpha-mai-steam-sWp) *aipha-aux-steu-stop*)
(self (valve-statu "alphaaux-steam-swop") 'open)
(self (valve-next "alpha-aux-steam-sWp) *alphadesuperheater-inlet")
(self (valve-statu "alp1a-desuperheater-inlet") 'open)
(sel (valve-ouxt *alph-deueriatrinlet*)

(self ( -s ~ ateranpib-protection-inlt") 'shut)
(se (valve-next Oalphaphcsr-m tinine

(Wl (valve-input "apasupah ter-protection-inlet) 'nom)
(self valve-status T sakeis") 'shut)
(Self (valve-next * -safeties) "alpha-air-registers)
(adself ipu Oalha-safeiies0) 'norm)

(W evalveetat) 'open)
(self (valve-neut Oalpha-ur-re s) "alpha-air-shutte)
(self (valve-status 0aph-arsh = s) 'open)
(self (valve-next alpr-shruters") "alphafuel-manifold")
(self (valve-input "alpa-ar-shutters) 'nocn)

(W Vle-Mtatu fuel-manifold") 'open)
(setf ~ ~ (vlewt -fu0el-manifld") Oalpha-fuel-ofl-control-valve")

(self (valve-staus $alpa-fuel-ol-connol-valve") -open)
(self (valve-next Oalp -fuel-oil-conrlvalve) Oalpha-fuiel-recire")
(setf (valve-swim ldpha-fmael-recizc") 'shut)
(self (valve-netu *a fuel-recise") *fo-svc-pump-disch")

(sef ~alv-setuso-sv-pwnp-dish") 'open)
(ad(vlv-ot fo-mv-pump-dac") "alpha-feed-stop-valve")

(self (valve-input "fo-svco-p-isch*) 'norm)
~ ef(valve-status apafe-o-vl")'en

iset (valve-nex *2nAfed-so-valve") *alpha-fwcv")
(sel (valve -fedstep-valve) 'norm)

(self(valv-sa " ha-fwcv") 'open)
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(self (valve-next *alpha-fwcv) *alpha-manual-check-vlv)
(seif (valve-stabis *alpha,-manual-check-vlv*) 'open)
(setf (valve-next *alpha-manuaI-check-vlv*) *alpha-bleeder*)
(self (valve-swans *alpha-bleedero) 'shut)
(self (valve-next *alpha-bleeder) *augmentor*)
(self (valve-status *augnhuto) 'open)
(setf (valve-next OaugmenWo) *fdb-inlet")
(self (valve-status *fdb-Wnet) 'open)
(self (valve-next *fdbinet') *onefifiy..inlei*)
(self (valve-statu *oe-fifty..irJet') 'open)
(setf (valve-next aone-rifty-inlet') 'soot-blower-supply')
(self (valve-staus *soot-blower-supply') 'open)
(self (valve-next soot-blower-suply') *pmanainlet*)
(self (valve-staus Opinac-inlet*) shut)
(self (valve-next *paac-inlet*) *erblkhad-sp')

(ef(valve-samu *er-buflheadstW) 'open)
(ef(valve-next r-bulkhead-stop*) *jarjikhead..sp*)

(self (valve-status *unr-bulkhead-stop) 'open)
(self (valve-next *amr-bullkhead-sto) *mfp-stm-supply')
(self (valve-status 'n'fp-stm-supp y*) 'open)
"plant initialized-)

(defun show-valve-statu (affected
(format t

'-%VALVE-3OtSTATUS-4OINPUT-6tOUTPUT-%--30t----40t-----60---

(do ((current *aphamain-steam-stop (valve-next current)))
((eq current nil) "Tha's all folks!")
(format t

"-a-30t-4-40t-a-460t-a"
(valve-valve-id current)
(valve-status current)
(valve-input current)
(valve-output curreat))

(if (equal (valve-valve-id current) (valve-valve-id (eval affected)))
(format I

l-30t*"CHANGE"*-%")
(format t

lformat
(format t

(defun check-for-flow (valve-in flow-staus.)
(self (valve-counted (eval valve-in)) lowe)
(when (or (equal (valve-status (eval valve-i)) 'shut)

(nam (equal (valve-downstream (eval valve-in)) nil)))
(if (equal (valve-status (eval valve-in)) 'open)

(do*' (1+na))
(valve-idexl (first (valve-donsrem (eval valve-in)))

(nth a (valve-donstream (eval valve-in)))))
((or (equal valve-indexl nil)

(eqa flowtaa. %flow)
(if (equal (valve-counted (eval valve-indexl)) 'false)

(self flow-staus (checkfor-flow valve-index 1 flow-status)))))

124



(if (equal flow-status nil)
(do* ((in 0 (1+ in))

(valve-index2 (fust (valve-upstream (eval valve-in)))
(nth m (valve-upstream (eval valve-in)))))

((or (equal valve-index2 nil)
(equal flow-status 'flow)))

(self flow-status (check-for-flow valve-index2 flow-status)))))
(if (and (equal (valve-status (eval valve-in)) 'open)

(equal (valve-downsuream (eval valve-in)) nil))
(setf flow-status 'flow))

flow-stums)

(defun ov = (affected trace)
(seft (valve-input (eval affected)) 'high)
(if (equal trace 'true)

(show-valve-status affected))
(do* ((n 0 (1+ n))

(valve-index (first (valve-upsuream (eval affected)))
(nth n (valve-upsream (eval affected)))))

((equal valve-index nil))
(seal (valve-output (eval valve-index)) 'high)
(do* ((m 0 (1+ in))

(valve-index2 (first (valve-downstream (eval valve-index)))
(nth in (valve-downsteam (eval valve-index)))))

((equal valve-index2 nil))
(if (not (equal (valve-input (eval valve-index2)) 'high))

(overpressure valve-index2 trace)))
(if (equal (valve-status (eval valve-index)) 'open)

(overpressure valve-index trace))))

(defun foaaevalve-values (affected grace)

(when (equal (valve-status (eval affected)) 'open)
(self (valve-output (eval affected)) (valve-input (eval affected)))
(if (equal mrce orue)

(show-valve-status affected)))
(when (equal (valve-sas (eval affected)) 'shut)

(sel (valve-output (eval affected)) 'none)
(if (equal ace 'tue)

(show-valve-status affected))
(if (equal (check-for-flow affected flow-status) nil)

(ovespesae affected trace))
(do ((curent *alpa-hmin-steain-sWp (valve-next (eval current))))

((equal current nil))
(sel (valve-couned (eval cinvft)) 'false)))

(do* ((n 0 (+ n))
(valve-index (firm (volve-dowmsteam (eval affected)))

(ntb n (valve-downstream (eval affected)))))
((equal valve-index nil))
(sedf (valve-iput (eval valve-index)) (valve-output (eval affected)))
(proagwe-valve-values valve-index uace))))

(dfun ,lplbor-update (gowrdiru)

(sef (boi -fuel-pe re "alpa-boiler)
(valve-mps *apha-fue -namifold*)
(oiler-air .alpba-boilae)
(valve-outp "alpha-air-registers))
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(if (equal (boiler-fuel-pressum *alhAmboilea) 'none)
(ad (boiler-fire-status *alp "a- let'ri 'fse))

(when (and (equal (boiler-fire-status *alpha-boler*) Ufase)
(equal gone-thru 'fase))

(af (boiler-stau-dnim-pressure pha-boiler') 'low
(boiler-superheater-outlet-terp, alpha-boilar) 'low)

(if (or (equal (valve-status 'alphadesuperhe-net) 'OM)
(equal (valve-status *alpha-mamn-steam-stwp) 'open))

(Self repropeale 'tue))
(sett gone-thru 'ue))

(case (valve-output *alpba-manual-chek-vlv)
('nomM (setf (boiler-water-level *alpha-boiler') 'nr))
('nan (sect (boiler-water-level *alpha-boler*) 'low-alarm))
('l1ow (setf (boiler-water-level *alpha-boilet') 'low-but-not-alarm))
('high (if (and (equal (valve-status *alp desuperheaWe-inlet') 'shut)

(equal (valve-statu alpha-main-steam-stWp) 'shut))
(seat (boiler-water-level *alpha-boilet') 'high-alarm)

(setf (boiler-water-level *alpha-boiler*) 'high-but-no-alain)))
(otherwise- nil))

(if (equal (valve-input *virtual-sh-oudet') 'high)
(setf (boiler-steam-drum-,rsr *alpha-boiler*) 'safeties-lift-high))

(setf (valve-input *alph (boiler-steam-drum-pressure *alpha-boiler*))
(if (equal (valve-input a&lpha-safeties;") 'safeties-lift-high)

(seif (valve-stamu alpha-safetie") oqpen)
(setf (valve-status *alphasafeaes) 'shut))

(when (and (equal (boile-steam-drum-pesure *alpha-boilet') 'safetits-lift-high)
(or (equal (valve-statu Oalpha-desuperbeater-inet) 'open)
(equal(valestatus *a-main-stea-stop) 'open)))

(if (eul(ok-u-au alpha-boilet') 'fase)
(oeaf (bie-mdu-rsuealphaboile) 'low)
(oatf (boiler-steam-drwn-presure *aihaboilet') 'norm))

(net reProPague 'amu))
(seif (valve-input *vinua-sh-oulet) (boiler-steazn-drun-pfessue *alplia-boiler*))

aima repimpagate gone-tdma)))

(defut scaau-display(revised)
(if (equal revised 'fte)

(fonnat t "-%The following is the revised status of your plant")
(format t "-%The Moowingj ithe current Nmi of your plant:"))

(format I -5--%-4OclA BR -- 0 - -
(format t "WATER LEVEL-40t-e-%STEAM DRUM PRESSURE-40t-a&-%"

(boiler-water-level Oalpha-bolet)

format ERHETEEFurL Tw4ot2 -%wmE PRESuRE-4ot-a-v%
(boiler-wuperbeamr-cutlet-lenp, alpha-boilet)
(boiler-fulge r Oalpha-boiler0))

(format t "COMBUTO AIR-40t-"-STATIJS OF FIRES-40t---""
(boiler-air Oalpba-boilu*)
(boiler-fire-s. alpha-boiler*)))

(defun pimpagate (valve-in ace gone-dmau)

(format t- h followin is a valve status list--"")
(do ((currnmm b~mi-tu-tp

(valve-next (eval curlent)))
((equal cumt nil))
(forna t "--20t--""

(valve-valve-id (oval Current))
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(valve-status (eval current))))
(formtat t "-%-a status has been changed. Propagation underway-%--

(valve-valve, A: valve-in))
(if (equal (valve-staus (oval valve-in)) 'open)

(scif (valve-status (oval valve-in)) 'shut
(valve-output (eval valve-in)) 'none)

(setf (valve-status (eval valve-in)) 'open))
----- -evalvervalues valvein trac)

(self repropagate, (first (alpha-boiler-update gone-thnr))
gone-hru (second (alpha-boiler-update gone-tlaru)))

(status-display 'hUe)
(if (equal repropegate'ume)

(propagate-valve-values *vimwlsh-outlet trac)))
gone-thin)

(defun boiler-model (valve-in trae)
(let ((goae-thru 'false))

(initialize-plant)
(dolist (element (list *virtual-sb-outlet"'

*alpha-air-shutters* Ofo-svc-pwnp-disch*
*alpha-feed-stop-valve*))

(propagate-valve-values element 'false))
(propagate valve-in tr=c gone-thnO))

(defun practice 0
(propagate *alpha-main-steam-stop* 'tru

(ogam alph-desuperheatel-inlet ame
(bier-model *alpha-fuel-oil-control-valve 'mae))))
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APPENDIX D (MODEL STRUCTURE CHARTS)

MAN4

VALVrSANDIPING. VALVSAD-PWING.
FML.SYSTh?&.ARAYS RInflALIZEjnANT

VALVBS.,.NIYPING. .ADL
ASSON-ALVE.ORDER DISPLAY-BOLEPRSTATUS

BoliDEL.

BOI~rtDEL
RESET-.BOILR..PREVIOUS-

VALUES

128



task
BOILERMODEL

STEAM..DRUXMANAGER

BOILER-.MODEL.
ICEMETAL-ECREASE

BOW..RMODEL. BoILBRYODIL
FIRES-MANAGER TUBE MANAGER

BOILER-.MODEL solYODEL
LESSER-.OF RLUTnJRED..TURE CHECK
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task
VALVESANI)_PIPING.

PROPAGATE

VALVAN.PIG
PROPAGATEVALVILVALUES

C>M
VALVE7ZPPNG. VALV-APPING.

OVERPR~ESSURE CHEC&PORJLOW

SHOW-YALVE-.STATUS
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