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The concept of predictive modeling for "What if?" and contin- 
gency analysis is well established for electric power dispatching. 
We are currently completing the first such system for gas pipeline 
network dispatching. The model accounts for fully transient flow 
of gas through pipelines and equipment. Based on flow forecasts, 
16 hour predictions of pressure, horsepower, and fuel are made. 

L The system continually tracks the SCADA data base so that the line- 
pack distribution is current. In addition to answering "What if?" 
questions, the system supports risk analysis, leak detection, and 
strategy evaluation. The model can be used for pack and draft h 
analysis, compressor fuel optimization, and operator training. 
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INTRODUCTION 

Many electric power dispatch centers currently utilize real- 
time predictive simulation as an operating aid. A computer model 
is used to test proposed operating strategies before their actual 
implementation, thus the concept is often referred to as on-line 
load flow analysis. 

To implement this concept within a power dispatch center, a 
computer model of the power generation/distribution system is built 
and interfaced to the Supervisory Control and Data acquisition 
(SCADA) system. The model is driven with operating and status in- 
formation present in the SCADA data base and is interfaced with the 
SCADA console and CRT to allow rapid interactive response with the 
dispatcher. 

The model answers questions posed by the Power Dispatcher: 
such as: “What is the new system status if a key breaker trips?” 
Accurate and responsive answers to “What if?” questions as this 
give the Dispatcher added understanding of the present operation: 
and more importantly, insight into future operating conditions. 

There exists a real and current need to use the same real- 
time predictive modeling concept as an aid in the operating of com- 
plex pipeline systems. Each and every day, problems arise which 
the pipeline operator or his supervisor must deal with, given only 
limited information. The resulting decisions determine to a large 
extend how efficient the pipeline operation will be and whether or 
not demand curtailment will occur. 

In electric power distribution systems, little energy is 
* stored” and transients tend to damp out rapidly. In gas pipe- 
lines, however, the pipeline itself acts as a storage vessel, add- 
ing “capacitance” which greatly lengthens the system response 
time. As a result significant lead times are necessary before a 
gas demand “sees” a change in flowrate made a a remote source. The 
lead times can often be measured in hours, compared with milli- 
seconds in electric systems. The net result is that the gas dis- 
patcher must plan ahead and make major supply changes or demand 
curtailments well in advance of critical situations. - - 

Fig. 1 shows an example which demonstrates the concept of 
lead time in gas pipe-lines. Two supplies are present in the sys- 
tern,, a gas plant which supplies gas at relatively low cost and a 
storage field which can supply gas at peak demands, but at higher 
cost. Two demands are present: an interruptable (at high cost) 
industrial sale and a non-interruptable residential. Peak demands 
from the residential sale may necessitate interrupting the indus- 
trial, but a lower cost alternative is to bring additional gas from 
storage. However, several hours are required for increases in sup- 
ply to be “felt“ at the demand points. To achieve cost effective 
operation, the dispatcher must forecast the high demand many hours 
before it actually occurs and increase supply with sufficient lead 
time to satisfy demand. 
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A real-time system model would provide the pipeline operator 
with a predictive capability, which can be used very effectively in 
solving day to day operating problems. INTERCOMP currently has 
such a Real-T-ime Predictive Model (RTPM) in its final stages of 
completion. The system is being developed as an aid to dispatching 
gas in a major pipeline in New Zealand. The RTPM continually 
tracks the SCADA system data base so that it is always “in step” 
with the current state of the pipeline system. In addition to an 
swering “What if?” questions, the sys tern supports contingency 
(risk) analysis, leak detection, and strategy generation/ 
evaluation. Typical applications of the RTPM are pack and draft 
analysis, compressor fuel optimization, and operator training. 

The following sections of this paper outline briefly the 
Real-Time Predictive Model concept, and discuss some of the bene- 
fits it can add to a gas dispatch system. 

Dispatching Objectives 

The supply to a typical pipeline is often derived from one 
or more gas processing plants. Gas originating from gas wells or 
associated gas from crude production is processed in the treatment 
plants. The cost efficiency of these plants depends in part upon 
stability of delivery rate. Under emergency conditions, gas can be 
flared at the plant in order to avoid shut-down. Demands on the 
pipeline (as on almost any pipeline with several users) are pro- 
jected to be variable. Since the pipeline is both a small reser- 
voir as well as a conduit, overall efficiency will be improved if 
its line-pack capabilities can be effectively used. 

The operator of the gas pipeline is faced with a classic 
“dispatching” problem. He must achieve a balance between supply 
and demand whicle maintaining an efficient operation. His dis- 
patching objectives can be summarized by the following: 

0 Balance supply and demand 
0 Maintain deliveries 
0 Minimize plant changes 
0 Minimize gas flaring 
0 Minimize fuel consumption (compressors) 
0 Detect and control disasters (leaks) 
0 Detect data inconsistencies 
0 Detect deterioration of flow efficiency 
0 Minimize future risk 
0 Plan for contingencies 

In order to meet these objectives the operator must be continually 
aware of past, current, and future performance of the system. 
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Operational Resources 

Fortunately the operator has a good deal of flexibility and 
several operational resources at his disposal to satisfy the fore- 
going objec.tives. These consist of: 

0 The ability to flare gas at supply locations 
0 Curtailment of gas demand 
0 Compressor scheduling 
0 Supply flexibility with proper notice 
0 System line-pack 
0 Real-time information through SCADA 
0 Monitoring future performance with the RTPM 

These resources allow the operator to examine the alternatives in- 
telligently and best utilize the flexibilities of the pipeline sys- 
tem to meet his immediate goals. 

With proper notice, gas supply rate at the supply locations 
can be slowly increased or decreased. The requests for increased 
gas demand must be balanced against supply. In some cases, the op- 
erator can curtail demand if supply is not available. Sudden, un- 
expected cut backs in demand can cause flaring in order to prevent 
plant shut-down if the line is fully packed. 

The Role of Scads 

Perhaps the most important resource available to the Gas 
Pipeline Dispatcher is information on the current stature of the 
pipeline and its equipment. In a modern Dispatch Center, this in- 
formation is furnished by the Supervisory Control and Data Acquisi- 
tion (SCADA) system. Real-time information in continually brought 
back by SCADA, giving the Dispatcher a "snapshot" of system perfor- 
mance. 

The use of SCADA within both the electric power and pipeline 
industry is well known. Fig. 2 is a block diagram representing the 
application of SCADA to a simple pipeline system. As shown in the 
figure, SCADA is comprised of a central computer and console, along 
with remote terminal units which serve as the system's data gather- 
ing "arms". 

Numerous companies market SCADA systems; hardware and soft- 
ware can be obtained separately or a SCADA vendor can furnish a 
complete "package". In the case of the New Zealand project, both 
hardware and basic SCADA software were furnished by TRW Controls, 
Inc. in Houston, Texas. 

The SCADA master stations consists of dual Data General Nova 
3/D central processors interlinked to-provide automatic failover 
operation. Two operator's consoles are present, each equipped with 
two full color CRT's, alphanumeric keyboard, special function key- 
board, and a data logger. A complete set of computer peripherals 
is also provided for program maintenance. 
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The Role of the RTPM 

However, useful it is, the SCADA system only tells the dis- 
patcher the real- time status of his pipeline - that is, what is 
happening now. To do his job efficiently, the dispatcher needs one 
additional resource, a computer based real-time transient model of 
his system, coupled to his real-time data base. From this, he can 
derive what the predicted effects of a given mode of operation will 
be, thereby gaining tremendous insight into the operation of his 
sys tern. The predictive capability, furnished by the RTPM, provides 
the operators with on-line automatic forecasts of future system 
performance. 

The Real-Time Predictive Model provides a key management 
link between dispatching objectives and operational resources. Its 
ability to predict the future allows the operator to plan the best 
schedule of alternatives to meet his future needs. 

The RTPM provides the operator with a teammate whose job it 
is to support the following functions: 

0 Continuous monitoring of future performance 
0 Planning tool with “What if?” capability 
0 Study-Training tool 
0 Fuel optimization 
0 Contingency analysis 
0 Strategy utilization 

In addition, the teammates’s job is to check all the telemetered 
data for consistency, keep a lookout for deterioration of line ef- 
ficiency or the development of leaks, and watch for unexpected sup- 
ply or demand changes. In general, if anything the operator ought 
to notice occurs, the teammate must alert him to this fact. Opera- 
ting on a computer tied to the SCADA system, the RTPM will do all 
these tasks and stand ready to support “What if?” analysis with the 
operator. Moreover, the RTPM can do it so quickly that the dis- 
patcher never has to feel that his teammate is the bottleneck in 
planning. 

THE PREDICTIVE MODEL CONCEPT 

The ability to predict pressure changes that result from the 
transient flow of gas in the pipeline system is the heart of the 
RTPM. The predictive model used for this purpose is called TGAS. 
The TGAS program provides solutions to the system of partial dif- 
ferential equations governing fluid flow in pipeline networks. The 
solution technique is stable and efficient, and when compared to 
field data in difficult problems, achieved excellent results. A de 
tailed description of tv program itself and the solution technique 
is discussed elsewhere. 
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In order to understand how predictions are made in real- 
time, consider the single pipeline shown in Fig. 3 with one supply 
and one demand. The operator knows that supply will be constant 
for the 16 hours, but he forecasts that demand will vary. He sub- 
mits this forecast to the RTPM whcih then asks TGAS to make a pres- 
sure prediction. TGAS’s prediction is displayed by the RTPM as a 
trend with alarm limits. He finds that the maximum allowable pres- 
sure limit (MAOP) is not violated at the supply point, but the 
pressure is predicted to fall below the contract minimum at the de- 
mand point. 

The operator must then request a modification in future sup- 
ply and/or demand forecast in order to balance the system. Each 
new forecast it “Tested” using TGAS through the RTPM to make sure 
that no alarm limits are reached in the future. This planning ca- 
pability is called “Test Mode” and provides a basic “What if?” 
feature to the operator. 

The RTPM uses TGAS and real-time information from the Super- 
visory Control and Data Aquisition System (SCADA) to monitor the 
system continuously. The SCADA data base is refreshed every 15 
seconds. This information is saved by the RTPM which periodically 
provides new predictions about the future performance of the sys- 
tem. 

Based upon the current *forecast/schedule and current system 
state, the RTPM periodically provides an “automatic prediction” of 
future condition of the system with no intervention from the 
operator. 

When the RTPM. is automatically monitoring the system in this 
fashion, it is functioning in Active Mode. In addition to monitor- 
ing, the active mode supports several automatic features discussed 
later. Active mode operation of the RTPM is separate from its use 
as a planning “What if?” tool. 

The monitoring function depends heavily on good and accurate 
forecasts of supply and demand, as well as schedules of operating 
equipment and other parameters such as temperature. The demand 
forecast is developed from customer requests, historical perform- 
ante, weather data, and other factors. This forecast is normally 
updated once a shift, or more often as required. The equipment and 
parameter schedule is usually not modified very often, but it pro- 
vides the operator with the ability to adjust key background para- 
meters. 

Predictive Alarms 

In the course of providing automatic prediction of system 
pressures, the RTPM may detect that a -major system constraint is 
violated. Examples are, violation of pipeline maximum allowable 
operating pressure (MAOP) or failure to meet a contract minimum 
sale pressure at a given future time. If the RTPM predicts such a 

338 SOUTHWEsTERN PETROLEUM SIiORT COURSE 



future condition, a p redictive alarm is generated and the operator 
is alerted. If the alarm still exists .after two hours it will be 
reissued. If an alarm condition corrects itself, it is automati- 
cally removed f,rom all alarm lists. 

RTPM/SCADA Operation 

Fig. 4 gives an overview of the relationship between the 
RTPM, SCADA, and the actual pipeline system. The SCADA system pro- 
vides a 15 second scan of the pipeline system by polling each Re- 
mote Terminal Unit (RTU). The data obtained on each scan is stored 
in the SCADA Data Base until requested by the RTPM. The SCADA exec- 
utive supports all console operations including function buttons 
and CRT display. 

RTPM acquires real-time data from SCADA in Active mode and 
updates the "Current State" of the system. Using a base state, 
forecast, and system configuration, TGAS provides a prediction of 
future performance. The results of this prediction are available 
to produce alarms, trends, or summary tables. 

. 

. 

In Test mode the base state required by TGAS can be the Cur- 
rent State of the system or an "Archived" state from some previous 
pipeline operational condition. "Test Cases" are generated by 
editing the forecast to represent a “What if?" question. The re- 
sults of the Test mode predictions are also available to produce 
alarms, trends, or summary tables, but in some cases with slightly 
different formats from thos in Active mode. 

Results from both Active and Test mode are passed to the 
SCADA executive for display on the console. The RTPM is an infor- 
mation system only and does not send supervisory commands back out 
to the pipeline RTU's. 

a RTPM HARDWARE 

The RTPM operating hardware consists of the operator con- 
soles, loggers, video copiers, the NOVA 3/D central processor unit 
(CPU) and associated peripherals, AP-1208 array processor, and the 
Inter-Computer Communications Subsystem which provides the link be- 
tween the SCADA System and the RTPM. A schematic of a typical sys- 
tern configuration is shown in Fig. 5. A peripheral switch (PS) is 
provided so that the RTPM has access to the card reader and line 
printer, although they are seldom used. 

The consoles provide the focal point for interaction between 
the operator and the RTPM. However, the consoles are not directly 
tied to the RTPM CPU , but are instead coupled to whichever SCADA 
CPU is currently prime. The results generated by the RTPM must be 
passed through the prime SCADA CPU for display on any console. 
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Each of the three operator consoles consists of two color 
CRT's, an alphanumeric keyboard (ANK), and a special function key- 
board (SFKB). This hardware supports the man-machine interface 
through which the dispatcher communicates with the RTPM and SCADA 
systems. The SFKB is assigned to either the RTPM or the SCADA sys- 
tem by depressing a SCADA mode or RTPM mode button. In addition to 
simplifying the software support of the panel this also allows the 
RTPM,to have an extended set of function buttons beyond the basic 
set allocated to its operation. 

Each CRT supports SEVEN colors: white, green, yellow, ma- 
genta, red, cyan, and blue. Displays are made up from alphanu- 
meric, standard, and special symbols. Black and white video copy 
devices are available so that trends may be "copied" on demand 
after selecting one CRT and "freezing" a particular page. 

The NOVA 3/D central processor with 64K words of memory, a 
10 megabyte moving head disk system with one fixed and one remov- 
able platter, and a terminal printer make up the basic RTPM com- 
puter configuration. 

To this configuration is also interfaced on an AP-120B array 
processor. In addition, the card reader and line printer can be 
manually switched to either the RTPM CPU or SCADA CPU #2. Both the 
RTPM CPU and the SCADA CPU #2 have floating point hardware so that 
they can be manually switched for backup purposes,. 

The array processor is a peripheral arithmetic computing 
unit designed for high speed performance of floating point multi- 
plication and addition. The unit is intended to work in parallel 
with a host computer, in this case the ,RTPM NOVA 3/D. Because of 
its special internal structure, the array processor is particularly 
well suited to the performance of large numbers of repetitive float 
ing point arithmetic calculations. Since TGAS can make particu- 
larly good use of this "number crunching" capability, it is housed 
in the AP-120B. 

Man/Machine Interface 

The RTPM is primarily an information system that responds 
interactively to Dispatcher requests. As with SCADA, the commnica- 
tion interface must be human-engineered for highly effective dis- 
patcher/RTPM interaction. 

The dispatcher communicates with the RTPM through the SCADA 
console. A set of special buttons for the RTPM are placed on the 

. console special function keyboard (SFKB). The SFKB is shown in 
Fig. 6. These buttons allow rapid, one button access to the 
special RTPM operating modes available, and simplify the man/ 
machine interface to a great extent. A brief functional descrip- 
tion of the RTPM function keys is given in Table 1. 
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Most of the information resulting from the operation of the 
L RTPM will be presented to the dispatcher on the CRT screen. The 

RTPM utilizes three, basic output formats to convey information to 
the dispatcher: 

L 
0 Tabular summaries 
0 Alarm report summaries 
0 L Trend displays 

The operator is most familiar with tabular summaries and alarm re- 
ports displayed to him as one or a series of CRT images or ‘pages’. 

L Tabular data is the format normally used by SCADA to convey infor- 
mation: Trend displays are plots of a quantity, such as pressure 
or ‘flow, versus time for a given location. From a human engineer- 

L ing viewpoint, graphical displays cause greater retention of more 
critical data than a CRT tabular page format. In addition, the 
multiple colors available on the CRT allow the dispatcher to con- 

. veniently compare the results of several test or ‘What if?” cases. 

.An example trend display is shown in Fig. 7. Although re- 
produced here in black and white, the display utilizes all of the 

I. seven colors avaiable on the operator’s CRT. In the upper left 
hand block appear seven solid squares, representing each one of the 
seven colors available. The first square is designated ‘PRESS @ 

b AB”, meaning the trend line shown in that color is the pressure at 
location “AB”. The next block down lists one or more special 
functions available: if the cursor is moved next to “tabulate”, for 

b example, the trend lines on the CRT display will be summarized as 
tabular values. 

The block in which the trend line is shown has a dotted ver- 
. tical line through its center. This line corresponds to the pre- 

sent time, the horizontal distance to the left representing 10 
hours of past history, the distance to the right representing 14 

. hours of prediction. The horizontal dashed line represents an 
alarm limit; if a trended quantity falls below this limiting value, 
a predictive alarm is generated. The vertical (y-axis) scales of 

0 the graph are adjusted automatically to keep the graph on a scale 
large enough so that the trend information can be grasped readily. 

RTPM FEATURES 
‘ 

Besides its function as an on-line predictive model, the 
RTPM supports several other basic capabilities: 

L 
0 Test Mode 
0 Strategy Generation 
0 L Contingency Analysis 
0 Operator Training 
0 Leak Detection 

h The most common operator usage of the RTPM is expected to be 
as a planning tool in Test Mode. If customers request increase or 
decrease in delivery, ifhe gas supply has an upset, if predictive 

L 
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alarms are generated, or if real-time data deviates from forecast, 
then the RTPM may be used to prepare a new future operating plan. 
The operator will develop this new plan by sequentially testing 
several alternatives until the best solution is found. 

In Test Mode, the RTPM will answer a “What if?” question 
posed by the Dispatcher in the form of a schedule of changes to the 
sys tern. The changes can either be keyed in directly as a trial 
“forecast/schedule” or obtained by modifying a schedule archive 
saved by the computer system. 

The results of test cases are displayed using CRT trending 
of key variables over the past and into the future. In addition, 
tabular and alram summary CRT pages can be produced. The entire 
Test Mode operation is summarized in Fig. 8. Multiple test cases 
can be prepared on a single trend display. The number of test cases 
that may be compared on a single page will depend upon the number of 
variables being trended. The maximum number of trends is limited 
by color selection to seven. A system overview is also available 
through the summary tables generated for each test case. 

Strategy Generation 

In order to help the dispatcher in making a decision, the 
RTPM, upon sensing an alarm, will automatically begin searching for 
feasible corrective measures. This is accomplished by automatic-. 
ally evaluating a series of strategies. A strategy is a collection 
of predefined actions which represent modification to the current 
system forecast flows/equipment schedules. Examples are alter na- 
tives such as additional supplies, gas storage, control setting 
changes, curtailments, and the like. 

Often more than one corrective strategy exists in which case 
it is important to select the best one, that is the one with the 
lowest cost,least impact on demands, or the one which satisfies 
some other criterion. The RTPM automatically tests a series of 
strategies and presents only those which are feasible (that is, 
those that don’t generate alarms) to the dispatcher. He may then 
select a corrective action from a series of feasible alternatives 
when an upset occurs. 

Contingency Analysis 

One of the primary objectives in dispatching a pipeline sys- 
tem is its operation in a smooth and reliable manner. For example, 
a gas transmission network serving industrial and residential cus- 
tomers cannot afford a severe outage. An additional function of 
the RTPM is to periodically make a risk or contingency analysis of 
the gas system. At set intervals RTPM will simulate the sudden 
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loss in turn of major gas supplies or equipment beginning from the 
predicted system status at a fixed time in the future. 
all possible alternate resources (i.e. 

BY applying 

feasible time after the loss, 
strategies) in the minimum 

the RTPM will determine the survival 
time in the event of a major upset. In the event that the system 
operation is projected to be such that a risk of failure exists, 
the RTPM will compute for each supply or equipment center a risk 
window, i.e., the time interval in the future during which a sudden 
loss of that supply/equipment will cause unavoidable system fail- 
ure. then the dispatcher will be alerted to this risk, so that he 
can evaluate it in terms of the duration of the risk window to de- 
termine whether corrective action is necessary. If so, he has 
ample lead time during which he may be able to intervene with a 
strategy to close a window. 

Operator Training 

A key application of the RTPM will be its use in training 
gas dispatchers. 
training 

Normally dispatchers are given minimal formal 
and learn to operate the system through “on the job” 

training and apprenticeship. It commonly takes many months (and 
sometimes years) to produced an experienced operator. This is due 
in part to the fact that the ‘key learning situations occur occa- 
sionally in the normal operation of a gas system. New operators 
tend to gain the most experience from stress or “upset” situations 
which occur inf.requently. 

To use RTPM for training, a series of training scenarios are 
developed from operating situations which have happened previously. 
These are posed as hypothetical problems to which the trainee must 
respond. The trainee views the situations as historical trends or 
summaries generated by the RTPM operating in Test Mode. The 
trainee then submits a response to the situation as a series of 
commands to the RTPM, which predicts the results of the trainee’s 
problem solutions. Both the instructor (supervisor) may view the 
gas pipeline’s simulated response (as predicted by the RTPM) and 
make appropriate changes to the trainee’s strategy, or move to a 
new problem. The procedure is summarized in Fig. 9‘. 

In a few weeks of being confronted with problem situations 
and trying various responses, a novice dispatcher can see the 
equivalent of several years of operation. 

Leak Detection 

A very desirable side benefit of coupling TGAS, the tran- 
sient fluid flow model which forms the basis of the RTPM, with 
real-time data from the SCADA system is automatic detection and 
location of leaks. The operating information being acquired from 
the SCADA system is analyzed using TCAS with two methods, termed: 
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0 Model Assisted Volume Balance (MAVB) 
0 Model Assisted Leak Location (MALL) 

Both approaches utilize the pressure, temperature, and flow data 
from SCADA, but in slightly different ways. 

The Model Assisted Volume Balance is an enhancement of the 
traditional volumetric balance technique ,of leak detection. Using 
a transient flow model to analyze the real-time data from the SCADA 
system, great improvements can be made in detection time over other 
state-of-the-art techniques. an improvement of 100 fold or more in 
detection speed can be attained over the standard volume balance. 

The Model Assisted Leak Locator uses real-time pressure and 
flow data to detect and approximate the location of a leak. The 
data is fed into the transient fluid flow model in such a way as to 
force the model to agree with the telemetered information. The 
presence of a leak in the pipeline forces a similar leak to occur in 
the model, whose relative magnitude and approximate location is 
then reported to the dispatcher as an alarm. 

A key advantage of these leak detection procedures is that 
they are entirely automatic, utilizing the information contained in 
the SCADA system data base, and require no analysis on the part of 
the pipeline dispatcher. 

Compressor Fuel Optimization 

The predictive capabilities of the’RTPM can be utilized to 
develop a compressor operating schedule which reduces the fuel used 
for gas transmission. The fuel burned to fire compressors is gas 
which is processed but which cannot be sold, and as a result repre- 
sents a large direct operating cost for the system. Under steady 
operations, little fuel can be saved as shown in Fig. 10. However, 
the schedule developoed must also minimize frequent machine start- 
up and shut-down cycles to avoid mechanical problems and mainte- 
nance cost. Using the RTPM the Dispatcher can try various com- 
pressor operating schedules as test cases over a give forecast 
period. Compressor horsepower and fuel usage predictions are gen- 
erated by the RTPM as standard trends. By generating several 
alternative schedules on a trial and error basis the dispatcher can 
determine whether the current operating schedule reduces fuel use 
or not, as shown in Fig. 11. Substantial savings in systems with 
large variations in 
to previous studies. 

jaily load flow are not unrealistic, according 
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SUMMARY 

1. 

2. 

3. 

4. 

5. 

, 

INTERCOMP is in the final stages of completing a Real- 
Time Predictive Model (RTPM) for a gas distribution 
system in New Zealand. 

The Real-Time Predictive Model acquires data on the 
current operating state of the pipeline from a Super- 
visory Control and Data Acquisition (SCADA) system. 
The system continually tracks the operation of the 
pipeline using the SCADA information and is always "in 
step" with the real-time pipeline status. 

The RTPM furnishes 16 - 24 hour predictions of pipeline 
system pressures, line-pack, compressor horsepower, 
and other important data on a continuous basis. This 
information is made available to the dispatcher in the 
form of trends and summarized on the SCADA console CRT. 

The RTPM supports "What if?" or Test Mode capability in 
which effects of proposed operating strategies can be 
evaluated before implementation. 

The RTPM also supports risk (contingency) analysis, 
strategy generation, and leak detection as standard 
features. Typical applications include pack and draft 
analysis, operator training, and compressor fuel opti- 
mization. 
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TABLE I-RTPM SPECIAL FUNCTION KEYS 

BUTTON 

TEST MODE 

RUN TEST 

FORECAST/SCHEDULE 

TEST ALARM 

MASTER CONSOLE 

RTPM ALARM 

SELECT DISPLAY 

FUTURE RISK 

SUMMARY TABLES 

BASIC DISPLAY 

HELP 

AUTO PAGE 

350 

FUNCTION 

Initiates or terminates RTPM test mode. 
It is backlighted when in test mode. 

Initiates the exectuion of the current 
test case. 

In test mode initiates the modification 
of the forecast/schedule by bringing up a 
directory of functions. In active mode 
this initiates a review of the current 
forecast/schedule. 

Backlighted when alarm conditions exist 
in the last test run. Depressing the but- 
ton will bring a list of test alarms. 

When selected allows the operator at that 
console to adopt active forecasts and 
schedules. 

When this button is backlighted, it indi- 
cates that RTPM has detected one or more 
Active Mode alarm conditions. Depressing 
the button will bring up a directory of 
unacknowledged alarms. 

Pressing this button will bring up a di- 
rectory of displays which the dispatcher 
can select for display on the CRT. 

Brings up a risk summary table showing the 
results of the last contingency analysis. 
The button is backlighted if there are 
risk alarms. 

When depressed brings up the first of a 
series of summary tables on the selected 
CRT. 

This button will bring up a short auto- 
matically paged sequence of preselected 
pages which show the most useful informa- 
tion about the status of the pipeline sys- 
tem. 

Brings up a directory of functions which 
the operator can select to give him de- 
tailed procedures to aid him in the use of 
the RTPM. 

Used to cycle multi-page displays or to 
stop such cycling. 
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